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STANDARD SCHEMATIC SYMBOLS USED IN CIRCUIT DIAGRAMS 

11  
Antenna 

Ground 

Fixed Condenser 
(See footnote J) 

8 -0 - --IHF 
Variable or adiustablecmrdenser 

A-Single-section 
B-Split-stator 

(Label Tif trimmer type) 
(See footnote 2) 

i'A 
Air- core inductor 

A- Fixed coil or r f choke 
B- Coil with fixed tap 
C- Coil with variable tap 
(Small circles indicateplug-and 
jack or binding post terminals) 

ILO 12.01.0,---

/ron-core inductor or choke 

It LE 
A- Air- Cie transformer or in-
ductively-coupled coils (Arrow 
used only if coupling is variable 
8- Zink coupled coils 

111 
Iron- core transformers 

A - laminated core 
8- Powdered- iron core 
(Arrows indicate variable core 
or permeability tuning) 

R  

Fueri resistor 

R4 I— 

Wriable resistor; potentiometer; 
voltage divider rheostat,etc. 

Electrical heater element 

Wiring diagram devices 
A- Wires connected 
8- wires not connected 

)0000000C 
Twisted-pair cable 

Coaxial cable 

Shieldedwire a;.cab. le 

Shielding 

1 1 1 
Terminals 

with affropriate labels 

i I H11 

A \' Et 

Switches 
Spst 

8 - Spdt 
C - Opsi 
- Rotary Multipoint 

Key 

Jack 

Plug 

A e 
Power plugs 

A- Non-polarized 
e- Polari zed 

  G 
Non-polarized and polo , sed 

power receptacles 

cr\_p 
Fuse 

--/-1 A j&_ "2:::: 

--F;‘"J e fo-

Mirophons 
A - Single- button 
8 - Double-button 
C- Condenser 
- OyiutntiC 

E - Velocity 
e- Creel( 

Phono pick-ups 

electromagnetic and crystal 

--6b-
Double Single 

Headphones 

Loudspeaker 

rJ  
Buzzer 

A — 
Relays 

A -Normally-open 
B- Normally-closed 

A41_ —Ctk-. e 
Vibrators 

A- Non-rectity no 
- Self- recta y"nq 

letter u 
proper identification - V , MA , CtC.) 

-11111111112.- - 

Battery Single cell 

Rectifier 
(Usually dry-disk) 

A 
Crystals 

A - Piezoelectric 
8-Detector 

14m. 

Flute 

Farzenent 
Diode vacuum, tube 

6riit 

Filament 
&ode el.464 

Plate 

G. 
Cathode 

Multi -grid vacuum tube 
lite 9r/d3 are usually 

closest to the 
numbered,0 becei ottzt 

Filament orkme.., 

Cathode 

Photoelectc sa/iode 

Cold cathode 

G. 

Grid (also beam-confining 
or &9m -forming electrodes) 

Plate 

Diode plate 

e 

Anodes 

\awl 

Electron-ray tube &let anodes 

Cathode-Puy-tube deflecting plateS 

A e 
Lamps 

A- Panel ordeal 
6- Illuminating 

Neon bulbar voltage reyulator 
(V R)tobe 

Indicates gaseous tube 

For convenience and simplicity, schematic wiring diagrams employing conventionalized symbols which represent 
various components, as shown above, are used to show the circuit connections in assemblies of radio apparatus. 
The sytnbols used in this. Handbook fallm% the standardized forms adopted by the radio industry under the ASA 
standardization priigra in in 194. Alternative symbols marked with an asterisk are conventional forms used prior to 
mid-194, ineluded for ri•ference where the original symbol has undergone appreciable change. 

Where it is nec,,sar or desirable to identify the electrodes, the curved element represents the outside electrode 
(marked "outside (oil," -ground," etc.) in fixed paper- and ceramic-dielectric condensers, and the neaatire electrode 
in electrolytic condensci,. 

In the modern sy mhol, the curved line indicates the moving element (rotor plates) in variable and adjustable air-
or mica-dielectrie condensers. To distinguish trimmers, the letter "T" should appear adjacent to the symbol. 

in the case of switches, jacks, relays, etc., only the basic combinations are shown. Any combination of these sym-
bols may be assembled us required, following the elementary forms shown. 
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Foreword 
TWENTY years ago — in 1926 — the first edition of The Radio Amateur's Handbook 

was presented to the amateur world. Produced by the amateur's own organization, the 
American Radio Relay League, and written with the needs of the practical amateur con-
stantly in mind, its publication was eagerly greeted by the radio enthusiasts of that day. • 
Subsequent editions have earned ever-increasing acceptance not only by amateurs but by all 
segments of the radio world, from students to engineers, servicemen to operators. 

This wide dependence on. the Handbook, evidenced by a total printing of nearly a million 
and a half copies, primarily is founded on its practical utility, its treatment of radio com-
munication 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 progressive 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 head-
quarters 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 ama-
teur, makes it possible to distribute for a very modest charge a work which in volume of 
subject matter and profusity of illustration surpasses most available radio texts selling for 
several times its price. 
When war came to this nation it was discovbred by the military and other agencies that 

the Handbook was precisely what was needed to help make practical radiomen for the Army 
and Navy and to help those who were training themselves for wartime radio work. Not only 
was the Handbook used as a text or reference in many training programs, but it also provided 
source data for many service-written special courses. During the war years the training 
aspects have been given increasing emphasis — not, however, to the detriment of ether 
long-established features, but rather by increasing the size and scope of the book. 
The United States was still at war when work on the present edition was begun. With most 

forecasters placing the probable end of the conflict in the summer of 1946, it seemed wise 
to carry the wartime structure of the Handbook through this edition. August, 1945, found 
most of the revision completed and a great deal of the book actually printed. But with V-J 
Day bringing the imminent prospect of resumption of amateur operation, part of it in newly-
assigned bands calling for revamping or complete redesigning of prewar equipment, it was 
apparent that to maintain the high standard of practical usefulness set by previous editions 
a new treatment of the v.h.f. section of the book was urgently needed. Although it meant 
re-doing much of the work and delaying the appearance of the Handbook beyond the antici-
pated publication date, this revision has been completed. In the Principles and Design section, 
which already had been through the presses, the occasional reference to prewar v.h.f. assign-
ments should be read in the light of the new frequencies; revised formulas and charts for the 
new bands appear on the back of this page, together with references to the Handbook page 
and (where applicable) figure number they replace. 
A word about the reference system: It will be noted that each chapter is divided into 

sections and that these are numbered serially within each chapter. The number takes the 
form of two digits or groups separated by a hyphen. The first figure is the chapter number, 
the second the section number within the chapter. Cross-references in the text take such a 
form as (§ 4-7), for example, which means that the subject referred to will be found discussed 
in Chapter Four, Section 7. Throughout the book, illustrations are serially numbered within 
each chapter. Thus Fig. 1107 can be readily identified as the seventh illustration in Chapter 
Eleven. There is a carefully-prepared index at the rear of the book. 
To a long-established reputation of indispensability in the amateur station of prewar days 

the Handbook now has added a proud record of participation in the national war effort. With 
the coming of a new peace and the opening of a new era in amateur communication, 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. W ARNER 
Managing Secretary, A.R.R.L. 

WEST HARTFORD, CONN. 
November, 1945 



Frequency Changes 

Occasional references will be found in Chap-
ters 2 to 10, inclusive, to the 56- and 112-Mc. 
bands. These bands are now 50-54 Mc. and 
144-148 Mc., respectively, and the new figures 
should be substituted wherever encountered. 

011 page 194, formulas (3) and (4) can be 
used without change for computing antenna 
lengt us in the 50-Mc. band. 
On page 205, the following chart should be 

substituted for the lowermost one in Fig. 1016: 

1.2 5" 
SO u 

SI 

52 
f.., 
4, 53 

54 

1.3" r3.5" 

7.e 

e ." 

8.10. 
.e' 

8 8" 9'0" 9•4" 

The tal de below should be substil uted for 
Table V, page 226, giving dimensions for 
square-corner reflectors: 

TA BLE V 

Frequency 
Band 

220-223 Me. 
(1,I.¡ meters) 

T.ength 
of Side 

4' 2" 

144-14S Mc. 
(2 meters) 

6' 8" 

Length cif 
Reflector 
Elements 

Number 
of 

Reflector 
Elements 

Sparing of 
Itelleetor 
Elements 

Spacing 
of Driven 
Dipole 

to Vertex 

20 

3' 11" 20 

5" 

144-14.4 Me.' 
(2 meters) 

50-34 Me. 
ti meters) 

Me.• 
; meters) 

18'4" 

II' 

3' II" 

II' 4" 

I l' 4" 

16 

20 

16 

S" 

8" 

2' 3" 

3,4,, 

10" 

I' 10" 

2' 6" 

9' 6" 

7' 7" 

ins of sr i. r r•-t• ener reflector f, r the 
220-, it I, and 50- \ le. bands. Alternative de-

ar. li-ted for tile 1 I I- and 50- Me. I ands. 
ii., inallscd .• fusser reflector 

element .inil shorter - Me-. hut the effeetiNeness 
IS -lightly red . 1 eed. There is no ref eetor 
eletiu•nt at the vertex in ally of the designs. 
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The Amateur's Code 
* * 

13 The Amateur is Gentlemanly 
He never knowingly uses the air for his own amusement in such 
a way as to lessen the pleasure of others. He abides by the 
pledges given by the ARRL in his behalf to the public and 

the Government. 

20 The Amateur is Loyal 
He owes his amateur radio to the American Radio Relay 
League, and he offers it his unswerving loyalty. 

3. The Amateur is Progressive 
He keeps his station abreast of science. It is built well and 
efficiently. His operating practice is clean and regular. 

4. 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. 

5. The Amateur is Balanced 
Radio is his hobby. Ile never allows it to interfere with any of 
the duties he owes to his home, his job, his school, or his 
community. 

6. The Amateur is Patriotic 
His knowledge and his station are always ready for the service 
of his country and his community. 

* * * * * * * * 



Chapter One 

Amateur Radio 
C OUNTLESS thousands of persons all 

over the world have enjoyed the thrills and 
pleasures of amateur radio. This is a brief ac-
count of how it grew into the magnificently-
useful institution it is today. 
Amateur radio is as old as the art itself. 

There were amateurs before the present cen-
tury. Shortly after the late Marconi astounded 
the world with his experiments proving that 
wireless telegraph messages actually could be 
sent, "amateurs" were attempting to duplicate 
his results. But amateur radio actually began 
when private citizens discovered this means 
for personal communication with others, and 
set about learning enough about " wireless" to 
build home-made stations. Its subsequent de-
velopment may be divided into two phases, 
the period before 1917 and the years between 
that war and December 7, 1941. Plus, of 
course, the new phase now opening. 
Amateur radio of pre-World War I bore 

little resemblance to radio as we know it today, 
except in principle:Transmitting and receiving 
equipment was of a type now long obsolete. 
No U. S. amateur had ever heard a foreign one 
nor had any foreigner ever reported an Ameri-
can signal. The oceans were an impenetrable 
wall. Cross-country communication could be 
accomplished only by relays. " Short waves" 
meant 200 meters; the entire spectrum below 
that was a vast silence undisturbed by any 
signals. By 1912, however, there were numer-
ous Government and commercial stations and 
hundreds of amateurs; regulation was needed; 
and laws, licenses and wavelength specifica-
tions for the various services appeared. 

"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 bow, and DX jumped from local to 500-
mile and even occasional 1,000-mile two-way 
contacts. Because all long-distance messages 
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 6,000 amateurs. 
Over 4,000 of them served in the armed forces 
during that war. 

Today, few amateurs realize that World 
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 Armis-
tice. 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 
to get back on the air. 
From the start, amateur radio took on new 

aspects. Wartime needs had stimulated tech-
nical development. Vacuum 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. 
As DX became 1,000, then 1,500 and then 

2,000 miles, amateurs began to dream of trans-
-Atlantic work. Could they get across? In 

December, 1921, in what has been called the 

9 
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greatest sporting event of all time ARRL sent 
abroad an expert amateur, Paul F. Godley, 
2ZE, with the best receiving equipment avail-
able. Tests were run, and thirty American sta-
tions were heard in Europe. In 1922 another 
trans-Atlantic test was carried out and 315 
American calls were logged by European ama-
teurs and one grench 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, 
1XAM (now W9UZ and W3IBZ, 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 Atlant ir. 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 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 1 XAM 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. By 1941 
over five thousand WAC certificates had been 
issued! 
Amateur radio is a grand and glorious 

hobby but this fact alone would hardly merit 
such wholehearted support as was 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 4,000 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. ln 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. 
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 '23 when a 
League member, Don Mix, ITS, of Bristol, 
Conn. ( now assistant technical editor of QS7'), 
accompanied MacMillan to the Arctic on the 
schooner Bowdoin with an amateur station. 
Amateurs in Canada and the United States pro-
vided the home contacts. The success of this 
venture was such that other explorers followed 
suit. During subsequent years a total of per-
haps two hundred voyages and expeditions 
were assisted by amateur radio, and for many 
years no expedition has taken the field without 
such plans. 

Since 1913 amateur radio has been the prin-
cipal, and in many eases the only, means of 
outside communication in several hundred 
storm, flood and earthquake emergencies in 
this country. The 1936 eastern states flood, the 
1937 Ohio River Valley flood, and the South-
ern California flood and Long Island-New 
England hurricane disaster in '38 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-
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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. 
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 carne 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 distancés; 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 5-
meter DX had been accomplished! 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. Many amateur develop-
ments have come to represent valuable wilt ri-
butions to the art. The complete record would 
fill a book! From the ARRL's own laboratory 
in 1932 came James Lamb's " single-signal" 
superheterodyne — the world's most advanced 
high-frequency radiotelegraph receiver — and, 
in 1936, the " noise-silencer" circuit for super-
heterodynes. During the 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 development of modern military com-
munications equipment. 
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 its principal purposes is to keep ama-
teur activities so well conducted that the ama-
teur will continue to justify his existence. 
The operating territory of ARRL is divided 

into fourteen U. S. and six 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. 
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 am-

ateur 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 ARRL station by a special FCC action. 
Separate transmitters of maximum legal power 
on each amateur band have permitted the sta-
tion to be heard regularly all over the world. 
Among its other activities the League main-

tains, at its headquarters offices in West Hart, 
ford, Conn., a Communications Department 
concerned with the operating activities of 
League members. A large field organization is 
headed by a Section Communications 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 Ob-
server for monitoring frequencies and the 
quality of signals; as Route Manager and 
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'Phone Activities Manager for the establish-
ment of trunk 'lines and networks; as Emer-
gency Coterdinator for the promotion of 
amateur preparedness to cope with natural 
disasters. Mimeographed bulletins keep ap-
pointees informed of the latest developments. 
Special activities and contests promote oper-
ating skill and thereby add to the ability of 
amateur radio to function "in the public inter-
est, convenience and necessity." A special sec-
tion is reserved each month in QST for ama-
teur news from every section of the country. 

11 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 t.he amateur service. 
A radio amateur is a duly authorized person 

interested in radio technique solely with a per-
sonal aim and without pecuniary interest. Am-
ateur 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 radio-telephony 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 1,000 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 portable-mobile sta-
tions on certain frequencies, subject to further 
regulations. An amateur station may be oper-
ated only by an amateur operator licensee, 
but any licensed amateur operator may oper-
ate 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, 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. 

1:1 The Amateur Bands 

During May, 1945, FCC announced its final 
determination of postwar frequency alloca-
tions above 25 Mc. in which certain alterations 
and additions to prewar amateur frequencies 
were made. Similarly, the Commission an-
nounced proposed changes below 25 Mc. and 
these changes are still under consideration as 
this is being written in October, 1945. The 
Commission's final recommendations for the 
region below 25 Mc. are then subject to further 
consideration at the next international con-
ference. Since further changes may be insti-
tuted, it is suggested that the reader consult 
subsequent issues of QST or write ARRL for 
the latest information. 
As of our press date, the prospective postwar 

amateur bands are the following: 

3,500— 4,000 kc. 50— 54 Mc. 2,300— 2,450 Me. 
7,000— 7,300 " 144— 148 " 5,250— 5,650 " 
14,000-14,400 " 220— 225 " 10,000-10,500 " 
21,000-21,500 " 420— 450 " 21,000-22,000 " 
28,000-29,700 " 1,215-1,295 " 

In addition it is expected that the amateur, 
along with other services, will be given non-
exclusive rights to operate in the frequencies 
1750-1800 kc. solely for the maintenance of 
emergency networks and the necessary tests 
and drills incident thereto; raid the right to 
make such use as is possible of the frequencies 
27,185-27,455 kc., assigned to scientific, indus-
trial and medical uses. 

It must be understood that the proposed 
21-Mc, band is not likely to be made available 
until after the agreement of the next world-
wide conference, possibly effective in 1947. 

Finally, it should be carefully noted that, as 
of this writing, the position of amateur radio is 
that of being gradually released from wartime 
restrictions, band by band. These are the ama-
teur bands, but our rights to operate on them 
are being restored band by band, as our fre-
quencies are released to us by the military 
services. Also, certain portions of these bands 
are normally open to 'phone operation and the 
portions so allocated are customarily varied 
from time to time in accordance with changes 
in amateur operational habits. Hence each 
amateur must keep himself currently informed 
on what bands are authorized. 
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Electrical and Radio Fundamentals 
e 2-1 FUNDAMENTALS OF A RADIO 

SYSTEM 

THE BASIS of radio communication 
is the transmission of electromagnetic waves 
through space. The production of suitable 
waves constitutes radio transmission, and their 
detection, or conversion at a distant point into 
the intelligence put into them at the originat-
ing point, is radio reception. There are several 
distinct processes involved in the complete 
chain. At the transmitting point, it is necessary 
first to generate power in such form that when 
it in applied to an appropriate radiator, called 
the antenna, it will be sent off into space in 
electromagnetic waves. The message to be 
conveyed must be superimposed on that power 
by suitable means, a process called modulation. 
As the waves spread outward from the 

transmitter they rapidly become weaker, so 
at the receiving point an antenna is again used 
to abstract as much energy as possible from 
them as they pass. The wave energy is trans-
formed into an electric current which is then 
amplified, or increased in amplitude, to a 
suitable value. Then the modulation is changed 
back into the form it originally had at the trans-
mitter. Thus the message becomes intelligible. 

Since all these processes are performed by 
electrical means, a knowledge of the basic 
principles of electricity is necessary to under-
stand them. These essential principles are the 
subject of the present chapter. 

Q. 2-2 THE NATURE OF ELECTRICITY 

Electrons — All matter — solids, liquids 
and gases — is made up of fundamental units 
calied molecules. The molecule, the smallest 
subdivision of a substance retaining all its 
characteristic properties, is constructed of 
atoms of the elements comprising the substance. 
Atoms in turn are made up of particles, or 

charges, of electricity, and atoms differ from 
each other chiefly in the number and arrange-
ment of these charges. The atom has a nucleus 
containing both " positive" and " negative" 
charges, with the positive predominating so 
that the nature of the nucleus is positive. 
The charges in the nucleus are closely bound 
together. Exterior to the nucleus are negative 
charges — electrons — some of which are not 
so closely bound and can be made to leave the 
vicinity of the nucleus without too much urg-
ing. These electrons whirl around the nucleus 
like the planets around the sun, and their orbits 
are not random paths but geometrically-
regular ones determined by the charges on the 

nucleus and the number of electrons. Ordinarily 
the atom is electrically neutral, the outer nega-
tive electrons balancing the positive nucleus, 
but when something disturbs this balance 
electrical activity becomes evident, and it is 
the study of what happens in this unbalanced 
condition that makes up electrical theory. 

Electrons are exceedingly small particles — 
so small that many billions of them must act to-
gether before measurable electrical effects are 
observed. 

Insulators and Conductors — Materials 
which will readily give up an electron are called 
conductors, while those in which all the elec-
trons are firmly bound in the atom are called 
insulators. Most metals are good conductors, 
as are also acid or salt solutions. Among the 
insulators are such substances as wood, hard 
rubber, bakelite, quartz, glass, porcelain, tex-
tiles, and many other non-metallic materials. 
Resistance — No substance is a perfect con-

ductor — a " perfect" conductor would be 
one in which an electron could be detached 
from the atom without the expenditure of 
energy — and there is also no such thing as a 
perfect insulator. The measure of the difficulty 
in moving an electron by electrical means is 
called resistance. Good conductors have low re-
sistance, good insulators very high resistance. 
Between the two are materials which are 
neither good conductors nor good insulators, 
but they are nonetheless useful since there is 
often need for intermediate values of resistance 
in electrical circuits. 
Conduction — Under the influence of a 

suitable force — that is, an electric field — 
electrons tend to move. If the substance is one 
in which electrons can be detached from atoms 
as explained above, these electrons will move 
through the substance. This is the process of 
conduction, and the moving electrons consti-
tute an electric current. The intensity of the 
current depends upon the amount of force 
exerted on the electrons, and also upon the re-
sistance of the material through which they are 
moving. 

Strictly speaking, this description applies 
only to conduction through solid substances. 
However, conduction in liquids and gases, al-
though different in detail, is similar in princi-
ple. These cases are treated later in chapter. 

Circuits — A circuit is simply a complete 
path along which electrons can transmit their 
charges. There will normally be a source of 
energy (a battery, for instance) and a load or 
portion of the circuit where the current is made 
to do work. There must be an unbroken path 

13 
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through which the electrons can move, with 
the source of energy acting as an electron 
pump and sending them around the circuit. 
The circuit is said to be open when no charges 
can move, because of a break in the path. It is 
closed when no break exists — when switches 
are closed and all connections are made. 

41 2-3 Static Electricity 

The electric charge — Many materials that 
have a high resistance can be made to acquire 
a charge (surplus or deficiency of electrons) 
by mechanical means, such as friction. The fa-
miliar crackling when a hard-rubber comb is 
run through hair on a dry winter day is an 
example of an electric charge generated by 
friction. Objects can have either a surplus or a 
deficiency of electrons — a surplus of electrons 
is called a negative charge; a lack of them is 
called a positive charge. The kind of charge is 
called its polarity. A negatively charged object 
is frequently called a negative pole, while a 
positively charged object similarly is called a 
positive pole. 

Attraction and repulsion — Unlike charges 
(one positive, one negative) exert an attraction 
on each other. This can be demonstrated by 
giving charges of opposite polarity to two very 
light, well-insulated conductors, such as hits 
of metal foil suspended from dry thread (Fig. 
201). Pith balls covered with foil frequently 
are used in this experiment. 
When the two charged objects are brought 

close together, it will be observed that they will 
be attracted to each other. If the charges are 
equal and the charged bodies are permitted to 
touch, the surplus electrons on the negatively 
charged object will transfer to the positively 
charged object ( i.e., the one deficient in elec-
trons) and the two charges will neutralize, 

0 
Fig. 201 — Attraction and repulsion of charged objects, 
as demonstrated by the familiar pith-ball experiment. 

leaving both bodies uncharged. If the charges 
are not equal, the weaker charge neut ralizes an 
equal amount of the stronger when the two 
bodies touch, upon which the excess of the 
stronger charge distributes itself over both. 
Both bodies then have charges of the same 
polarity, and a force of repulsion is exercised 
between them. Consequently, the bits of foil 
tend to spring away from each other. Unlike 
charges attract, like charges repel. 

Electrostatic field — From the foregoing it 
is evident that an elehrie charge can exert a 
force through the space surrounding the 
charged object. The region in which this force 
is exerted is considered to be pervaded by an 

electrostatic field, this concept of a field being 
adopted to explain the "action at a distance" 
of the charge. The field is pictured as consisting 
of lines of force originating on the charge and 

Fig. 202 — Lines of force front a charged object ex-
tend outward radially. Although only two dimensions 
are shown, the field extends in all directions from the 
charge, and should be visualized in three dimensions. 

spreading in all directions, finally terminating 
on other charges of opposite polarity. These 
other charges may be a very large distance 
away. The number of lines of force per unit 
area is, however, a measure of the intensity of 
the field. 
The general picture of a charged object in 

isolated space is shown in Fig. 202. This is an 
idealized situation, since in practice the charged 
object could not be completely isolated. The 
presence of other charges, or simply of in-
sulators or conductors, in the vicinity will 
greatly change the configuration of the field. 
The direction of the field, as indicated by the 
arrowheads, is away from a positively charged 
object; if the charge were negative, the direc-
tion would be toward the charge. 

It should be understood that the field pic-
ture as represented above is merely a con-
venient method of explaining observed effects, 
and is not to be taken too literally. The electric 
force does not consist of separate lines like 
strings or rods; instead, it completely pervades 
the medium through which the force is exerted. 
With this understanding in mind, it is con-
venient to talk of lines of force and to measure 
the field intensity in terms of number of lines 
per unit area. 
The intensity of the field dies away with 

distance from the charged object in a manner 
determined by its shape and the circum-
stances of its surroundings. In the ease of an 
isolated charge at a point (an infinitesimally 
small object), the field strength is inversely 
proportional to the square of the distance. 
However, this relationship is not true in many 
other cases; in some important practical ap-
plications the field intensity is inversely pro-
portional to the distance involved, and not to 
its square. 

Electrostatic induction — If a piece of 
conducting material is brought near a charged 
object, the field will exert a force on the elec-
trons of the metal so that those free to move 
will do so. If the object is positively charged, 
as indicated in Fig. 203, the free electrons will 
move toward the end of the conductor nearest 
the charged body, leaving a deficiency of elec-
trons at the other end. Hence, one end of the 
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conductor becomes negatively charged while 
the other end has an equal positive charge. 
The lines of force from the charged body ter-
minate on the conductor, where sufficient 
electrons accumulate to provide an electric 
intensity equal and opposite to that of the 
field at that point. Because of this effect, the 
electrostatic field inside the conductor is com-
pletely neutralized by the induced charge; in 
other words, the field does not penetrate the 
conductor. In radio work this principle pro-
vides the means by which electrostatic .fields 
may be excluded from regions where they are 
not wanted. 

Charges induced in a conductor as shown in 
Fig. 203-A are held in existence by the field 
from the charged object. On taking the con-
ductor out of the field the electrons will re-
distribute themselves so that the charges dis-
appear. However, if the conductor is con-
nected to the earth through a wire while under 
the influence of the field, as shown in Fig. 
203-B, the induced positive charge will tend to 
move as far as possible from the source of the 
field (that is, electrons will flow from the earth 
to the conductor). If the grounding wire is then 
removed, the conductor will be left with an 
excess of electrons and will have acquired a 
"permanent" charge — permanent, that is, so 
long as the conductor is well enough insulated 
to prevent the charge from escaping to earth 
or to other objects. The polarity of the induced 
charge always is opposite to the polarity of the 
charge which set up the original field. 
Energy in the electrostatic field— The 

expenditure of energy is necessary to place an 
electrical charge upon an object and thus es-
tablish an electrostatic field. Once the field is 
established and is constant, no further ex-
penditure of energy is required. The energy 
supplied to establish the field is stored in the 
field; thus the field represents potential energy 
(that is, energy available for use). The poten-
tial energy is acquired in the same way that 
potential energy is given any object (a 10-
pound weight, for instance) when it is lifted 
against the gravitational pull of the earth. If 
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Fig. 20.3 — Electrostatic induction. The field from the 
positively charged body attracts electrons, which ac-
cumulate to form a negative charge. The opposite end of 
the conductor consequently acquires a positive charge. 
This charge may be "drained off" to earth as shown at B. 

the weight is allowed to drop, its potential 
energy is changed into the energy of motion. 
Similarly, if the electrostatic field is made to 
disappear its potential energy is transformed 
into a movement of electrons; in other words, 
into an electric current. 
The potential energy of the lifted weight is 

measured by its weight and the distance it is 
lifted; that is, by the work done in lifting it. 
Similarly, the potential energy (called simply 
potential) of the electrostatic field at any point 
is measured by the work done in moving a 
charge of specified value to that point, against 
the repulsion of the field. In practice, absolute 
potential is of less interest than the difference 
of potential between two points in the field. 

Potential difference— If two objects are 
charged differently, a potential difference 
exists between them. Potential difference is 
measured by an electrical unit called the volt. 
The greater the potential difference, the 
higher (numerically) the voltage. This voltage 
exerts an electrical pressure or force as explained 
above, and is often called electromotive force 
or, simply, e.m.f. It is not necessary to have 
unlike charges in order to have a difference of 
potential; both, for instance, may be negative, 
so long as one charge is more intense than the 
other. From the viewpoint of the stronger 
charge, the weaker one appears to be positive 
in such a case, since it has a smaller number 
of excess electrons; in other words, its relative 
polarity is positive. The greater the potential 
difference, the more intense is the electrostatic 
field between the two charged objects. 
Capacity— More work must be done in 

moving a given charge against the repulsion 
of a strong field than against a weak one; 
hence, potential is proportional to the strength 
of the field. In turn, field strength is propor-
tional to the charge or quantity of electricity 
on the charged object. so that potential also is 
proportional to charge. By inserting a suitable 
constant, the proportionality can be changed 
to art equality: 

Q = CE 

where Q is the quantity of charge, E is the po-
tential, and C is a constant depending upon the 
charged object (usually a conductor) and its 
surroundings and is called the capacity of the 
object. Capacity is the ratio of quantity of 
charge to the potential resulting from it, or 

c = É 

When Q is in coulombs and E in volts, C is 
measured in farads. A conductor has a capacity 
of one farad when the addition of one coulomb 
to its charge raises its potential by one volt. 
The farad is much too large a unit for prac-

tical purposes. In radio work, the microfarad 
(one millionth of a farad) and the micro-
microfarad (one millionth of a microfarad) are 
the units most frequently used. They are ab-
breviated pfd. and etpfd., respectively. 
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The capacity of a conductor in air depends 
upon its size and shape. A given charge on a 
small conductor results in a more intense 
electrostatic field in its vicinity than the same 
charge on a larger conductor. This is because 
the charge distributes itself over the surface, 
hence its density (the quantity of electricity 
per unit area) is smaller on the larger conduc-
tor. Consequently, the potential of the larger 
conductor is smaller , for the same amount of 
charge. In other words, its capacity is greater 
because a greater charge is required to raise 
its potential by the same amount. 
Condensers— If a grounded conductor, A 

(Fig. 204), is brought near a second conductor, 
B, which is charged, the former will acquire a 
charge by electrostatic induction. Since the 
charge on A is opposite in polarity to that on 
B, the field set up by the induced charge on A 
will oppose the original field set up by the 
charge on B, hence the potential of B will be 
lowered. Because of this, more charge must be 
placed on B to raise its potential to its original 
value; in other words, its capacity has been 
increased by the presence of the second con-
ductor. The combination of the two conductors 
separated by a dielectric is called a condenser. 
The capacity of a condenser depends upon 

the areas of the conductors, as before, and also 
becomes greater as the distance between the 
conductors is decreased, since, with a fixed 
amount of charge, the potential difference 
between them decreases as they are moved 
closer together. 

B + 
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Fig. 204 — The principle of the condenser. 

If insulating or dielectric material other 
than air is inserted between the conductors, it 
is found that the potential differenceIs lowered 
still more — that is, there is a further increase 
in capacity. This lowering of the potential 
difference is considered to be the result of 
polarization of the dielectric. By this it is 
meant that the molecules of the substance 
tend to be distorted under the influence of the 
electrostatic field in such a way that the 
negative charges within the molecule are 
drawn toward the positively charged conduc-
tor, leaving the other end of the molecule 
with a positive charge facing the negatively 
charged conductor. Since the electrons are 
firmly bound in the atoms of the dielectric, 
there is no flow of current and the total charge 
on each atom is still zero, but there is a 
tendency toward separation which causes a 
reaction on the electrostatic field. The dielec-
tric of a charged condenser thus is under 
mechanical stress, and if the potential differ-
ence between the plates of the condenser is 

To source of 
em.t 

great enough the dielectric may break down 
mechanically and electrically. 
The ratio of the capacity of a condenser with 

a given dielectric material between its plates 
to the capacity of the same condenser with air 
as a dielectric is called the specific inductive 
capacity of the dielectric, or, probably more 
commonly, the dielectric constant. Strictly 
speaking, the comparison should be made to 
empty space (i.e., a vacuum) rather than to 
air, but the dielectric constant of air is so nearly 
that of a vacuum that the practical difference 
is negligible. A table of dielectric constants is 
given in Chapter Twenty. 

Condensers have many uses in electrical 
and radio circuits, all based on their ability to 
store energy in the electric field when a poten-
tial difference or voltage is caused to exist be-
tween the plates — energy which later can be 
released to perform useful functions. 

Fig. 205 — A simple condenser, 
consisting of two metal plates 
separated by dielectric material. 

111 2-4 The Electric Current 

Conduction in metals— When a difference 
of potential is maintained between the ends of 
a metallic conductor, there is a continuous 
drift of electrons through the conductor to-
ward the end having a positive potential (rela-
tive polarity positive). This electron drift con-
stitutes an electric current through the metal 
(§ 2-2). The speed with which the electron 
movement is established is very nearly the 
speed of light (300,000,000 meters, or approxi-
mately 186,000 miles, per second), so that the 
current is said to travel at nearly the speed of 
light. By this it is meant that the time interval 
between the application of the electromotive 
force and the flow of current in all parts of a 
circuit, even one extending over hundreds of 
miles, is negligible. However, the individual 
electrons do not move at anything approach-
ing such a speed. The situation is similar to 
that existing when a mechanical force is trans-
mitted by means of a rigid rod. A force ap-
plied to one end of the rod is transmitted 
practically instantaneously to the other end, 
even though the rod itself moves relatively 
slowly or not at all. 
The magnitude of the electric current is the 

rate at which electricity is moved past a point 
in the circuit. If the rate is constant, then the 
current is equal to the quantity of electricity 
moved past a given point in some selected 
time interval. That is, 
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where T is the intensity or magnitude of the 
current, Q is the quantity of electricity, and t 
is the time. If Q is in coulombs and t in seconds, 
the unit for I is called the «mire. One ampere 
of current is equal to one coulomb of electricity 
moving or " flowing" past a given point in a 
circuit in one second. 
The currents used by different electrical 

devices vary greatly in magnitude. The current 
which flows in an ordinary 60-watt lamp, for 
instance, is about one-half ampere, the current 
in an electric iron is about 5 amperes, and that 
in a radio tube may be as low as 0.001 ampere. 
When a current flows through a metallic 

conductor there is no visible or chemical effect 
on the conductor. The only physical effect is 
the heat developed (§ 2-2) as the result of en-
ergy loss in the conductor. Under normal condi-
tions the rate at which heat is generated and 
that at which it is radiated by the conductor 
will quickly reach equilibrium. However, if the 
heat is developed at a more rapid rate than it 
can be radiated, the temperature will continue 
to rise until the conductor burns or melts. 
Experimental measurements have shown 

that the current which flows in a given metallic 
conductor is directly proportional to the ap-
plied e.m.f., so long as the temperature of the 
conductor is held constant. There is no e.m.f. 
so small but that some current will flow as a 
result of its application to a metallic conductor. 

Electrode &trot/ow 
pressure 

Source of + 
Potential 
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Fig. 206 — Illustrating conduction through a gas at 
low pressure. Positive ions are attracted to the negative 
electrode, while electrons are attracted to the positive 
electrode. This takes place only after the gas is ionized. 

Gaseous conduction — In any gas or mix-
ture of gases (such as air, for example) there 
are always some free electrons — that is, elec-
trons not attached to an atom — and also 
some atoms lacking an electron. Thus there are 
both positively and negatively charged parti-
cles in the gas, as well as many neutral atoms. 
An atom lacking an electron is called a positive 
ion, while the free electron is called a negative 
ion. The term ion is, in fact, applied to any 
elemental particle which has an electric charge. 

If the gas is in an electric field, the free elec-
trons will be attracted toward the source of 
positive potential and the positive ions will be 
attracted toward the source of negative poten-
tial. H the gas is at atmospheric pressure neither 
particle can travel very far before meeting an 
ion of the opposite kind, when the two com-
bine to form a neutral atom. Since a neutral 
. atom is not affected by the electric field, there 

is no flow of current through the gas. 

However, if the gas is enclosed in a glass 
container in which two separate metal pieces 
called electrodes are sealed, and the gas pres-
sure is then reduced by pumping out most of 
the gas, a different set of conditions results. 
At low pressure there is a comparatively 
large distance between each atom, and when 
an electric field is established by applying a 
difference of potential to the electrodes the 
ions can travel a considerable distance before 
meeting another ion or atom. The farther the 
ion travels the greater the velocity it acquires, 
since the effect of the field is to accelerate its 
motion. If the field is strong enough the ions 
will acquire such velocity that when one hap-
pens to collide with a neutral atom the force 
of the collision will knock an electron out of 
the atom, so that this atom also becomes 
ionized. The process is cumulative, and the 
freed electrons are attracted to the positive 
electrode while the positive ions are attracted 
to the negative electrode. This movement of 
charged particles constitutes an electric cur-
rent through the gas. 

Since an ion must acquire a certain velocity 
before it can knock an electron out of a neutral 
atom, a definite field strength is required be-
fore conduction can take place in a gas. That 
is, a certain value of potential difference, 
called the ionizing potential, must be applied 
to the electrodes. If less voltage is applied, the 
gas does not ionize and the current is negligible. 
On the other hand, once the gas is ionized an 
increase in potential does not have much effect 
on the current, since the ions already have 
sufficient velocity to maintain the ionization. 
The ionizing potential required depends upon 
the kind of gas and the pressure. Ionization is 
usually accompanied by a colored glow, differ-
ent gases having different characteristic colors. 
Current flow in liquids — A very large 

number of chemical compounds have the pe-
culiar characteristic that, when they are put 
into solution, the component parts become 
ionized. For example, common table salt 
(sodium chloride), each molecule of which is 
made up of one atom of sodium and one of 
chlorine, will, when put into water, break down 
into a sodium ion (positive, with one electron 
deficient) and a chlorine ion (negative, with 
one excess electron). This can only occur so 
long as the salt is in solution — take away the 

Fig. 207 — Electrolytic conduction. When an e.m.f. is 
applied to the electrodes, negative ions are attracted to 
the positively charged plate and positive ions to the neg-
atively charged plate. The battery, which is the source 
of the e.m.f., is indicated by its customary symbol. 
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water and the ions are recombined into the 
neutral sodium chloride. This spontaneous 
dissociation in solution is another form of 
ionization. If two wires with a difference of 
potential between them are placed in the solu-
tion, the negative wire will attract the positive 
sodium ions while the positive wire will attract 
the negative chlorine ions and an electric 
current will flow through the solution. When 
the ions reach the wires the electron surplus or 
deficiency will be remedied, and a neutral 
atom will be formed. 

In this process, the water is decomposed into 
its gaseous constituents, hydrogen and oxygen. 
The energy used up in decomposing the water 
and in moving the ions is supplied by the 
source of potential difference. The energy used 
in decomposing the water is equivalent to an 
opposing e.m.f., of the order of a volt or two. If 
this constant " back voltage" is subtracted 
from the applied voltage, it is found that the 
current flowing through a given solution, or 
electrolyte, is proportional to the difference 
between the two voltages. 
Current flow in vacuum— If a suitable 

metallic conductor is heated to a high tempera-
ture in a vacuum, electrons will be emitted 
from the surface. The electrons are freed from 
this filament or cathode because it has been 
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heated to a temper:It cire that gives them suffi-
cient energy of met ion to allow them to break 
away from the surface. The process is called 
thermionic electron emission. Now, if a metal 
plate is placed in the vacuum and given a posi-
tive charge with respect to the cathode, this 
plate or anode will attract a number of the elec-
trons that surround the cathode. The passage 
of the electrons from cathode to anode consti-
tutes an electric current. All thermionic vac-
uum tubes depend for their operation on the 
emission of electrons from a hot cathode. 

Since the electrons emitted from the hot 
cathode are negatively charged, it is evident 
that they will be attracted ti) the plate only 
when the latter is at a positive potential with 
respect to the cathode. If the plate is nega-
tively charged with respect to the cathode the 
electrons will be repelled back to the cathode, 
hence no current will flow through the vacuum. 
Consequently, a thermionic vacuum tube con-
ducts current in one direction only. When the 
plate is positive, it is found that (if the poten-
. 

tial is not too large) the current increases with 
an increase in potential difference between the 
plate and cathode. However, the relationship 
between current and applied voltage is not a 
simple one. If the voltage is made large enough 
all the electrons emitted by the cathode will be 
drawn to the plate, and a further increase in 
voltage therefore cannot cause a further in-
crease in current. The number of electrons 
emitted by the cathode depends upon the tem-
perature of the cathode and the material of 
which it is constructed. 
Direction of current float,— Use was being 

made of electricity for a long time before its 
electronic nature was understood. While it is. 
now clear that current flow is a drift of nega-
tive electrical charges or electrons toward a 
source of positive potential, in the era preced-
ing the electron theory it was assented that the 
current flowed from the point of higher positive 
potential to a point of lower (i.e., less positive 
or more negative) potential. While this assump-
tion turned out to be wholly wrong, it is still 
customary to speak of current as flowing " from 
positive to negative" in many applications. 
The praetice often causes confusion, but this 
distinction between " current" flow and 
"eleetron" flow often must be taken into ac-
count. If electron flow is specifically mentioned 
there can be. of course, no doubt as to the 
meaning; but when the direction of current 
flow is specified. it may be taken, by conven-
tion. as bui ng opposite to the direction of elec-
tron movement. 
Primary cells — If two electrodes of dis-

similar met a Is ; ire immersed in an electrolyte, 
it is found t luit a small difference of potential 
exists between the electrodes. Such a combina-
tion is called a cell. If the two electrodes are 
von in-rt cul together by a conductor external to 
the cell, an electric current will flow between 
t hunt. In such a cell, chemical energy is con-

•rt ccl int o electrical energy. The difference of 
pot ential arises as a result of the fact that ma-
te-rial from eme or both of the electrodes goes 
into solution in the eleetrolyte, and in the 
pr,,ccss it are formed in the vicinity of the 
elect voiles. The electrodes acquire charges be-
cause of the electric field associated with the 
cludrged ions. The difference of potential be-
tween the electrodes is principally a function of 
the metals used, and is more or less independent 
of the kind of eleetrolyte or the size of the cell. 
When current is supplied to an external cir-

cuit, two principal effects occur within the cell. 
The negative electrode (negative as viewed 
from outside the cell) loses weight as its mate-
rial is used up in furnishing energy, and hydro-
gen bubbles form on the positive electrode. 
Since the gas bubbles are non-conducting, their 
accumulai ion tends to reduce the effective area 
of the positive electrode, and consequently re-
duces the current. The effect is cumulative, and 
eventually the electrode will be completely 
covered and no further current can flow. This 
effect is called polarization. If the bubbles are 
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removed, or prevented from forming by chemi-
cal means, polarization is reduced and current 
can flow as long as there is material in the nega-
tive electrode to furnish the energy. A chemical 
which prevents the formation of hydrogen 
bubbles in a cell is called a depolarizer. 

In addition to polarization effects, a cell has 
a certain amount of internal resistance because 
of the resistance of the electrodes and the elec-
trolyte and the contact resistance between the 
electrodes and electrolyte. The internal resist-
ance depends upon the materials used and the 
size and electrode spacing of the cell. Large 
cells with the electrodes close together will 
have smaller internal resistance than small 
cells made of the same materials. 
A collection of cells connected together is 

called a battery. The term battery also is ap-
plied (although incorrectly) to a single cell. 
Dry cells — The most familiar form of 

primary cell is the dry cell. Like the elementary 
type of cell just described, it has a liquid elec-
trolyte, but the liquid is mixed with other mate-
rials to form a paste. The cell therefore can be 
used in any position and handled as though it 
actually were dry. 
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Fig. 209 — Construction of a dry cell. 

The construction of an ordinary dry cell is 
shown in Fig. 209. The container is the nega-
tive electrode and is made of zinc. Next to it is 
a section of blotting material saturated with 
the electrolyte, a solution of sal ammoniac. 
The positive electrode is a carbon rod, and the 
space between it and the blotting paper is filled 
with a mixture of carbon, manganese dioxide 
(the depolarizer) and the electrolyte. The top 
is filled with sealing compound to prevent 
evaporation, since the cell will not work when 
the electrolyte drys out. The e.m.f. of a dry cell 
is about 1.5 volts. 
Dry cells are made in various sizes, depend-

ing upon the current which they will be called 
upon to furnish. The construction frequently 
varies from that shown in Fig. 209, although 
in general the basic materials are the same in 
all dry cells. Batteries of small cells are assem-
bled together as a unit for furnishing plate cur-
rent for the vacuum tubes used in portable 
receiving sets; such " B" batteries, as they are 
called, can supply a current of a few hun-
dredths of an ampere continuously. Larger 
cells, such as the common " No. 6" cell, can 
deliver currents of a fraction of an ampere con-

tinuously, or currents of several amperes for 
very short periods of time. The total amount of 
energy delivered by a dry cell is larger when the 
cell is used only intermittently, as compared 
with continuous use. The cell will deteriorate 
even without use, and should be put into serv-
ice within a year or so from the time it is manu-
factured. The period during which it is usable 
(without having been put in service) is known 
as the " shelf life" of the cell or battery. 
Secondary cells— The types of cells just 

described are known as primary cells, because 
the electrical energy is obtained directly from 
chemical energy. In some types of cells the 
chemical actions are reversible; that is, forcing 
a current through the cell, in the opposite 
direction to the current flow when the cell is de-
livering electrical energy, causes just the re-
verse chemical action. This tends to restore the 
cell to its original condition, and electrical 
energy is transformed into chemical energy. 
The process is called charging the cell. A cell 
which must first be charged before it can de-
liver electrical energy is called a secondary cell. 
A simple form of secondary cell can be made 

by immersing two lead electrodes in a dilute 
solution of sulphuric acid. If a current is forced 
through the cell, the surface of the electrode 
which is connected to the positive terminal of 
the charging e.m.f. will be changed to lead 
peroxide and the surface of the electrode con-
nected to the negative terminal will be changed 
to spongy lead. After a period of charging the 
charging source can be disconnected, and the 
cell will be found to have an e.m.f. of about 2.1 
volts. It will furnish a small current to an ex-
ternal circuit for a period of time. This dis-
charge of electrical energy is accompanied by 
chemical action which forms lead sulphate on 
both electrodes. When the lead peroxide and 
spongy lead are converted to lead sulphate 
there is no longer a difference of potential, 
since both electrodes are now the same mate-
rial, and the cell is completely discharged. 
The lead storage battery — The most com-

mon form of secondary cell is the lead storage 
cell. The common storage battery for automo-
bile starting consists of three such cells con-
nected together electrically and assembled in a 
single container. The principle of operation is 
similar to that just described, but the con-
struction of the cell is considerably more com-
plicated. To obtain large currents it is neces-
sary to use electrodes having a great deal of 
surface area and to put them as close together 
as possible. The electrodes are made in the 
form of rectangular flat plates, consisting of a 
latticework or grid of lead or an alloy of lead. 
The interstices of the latticework are filled 
with a paste of lead oxide. The electrolyte is a 
solution of sulphuric acid in water. When the 
cell is charged, the lead oxide in the positive 
plate is converted to lead peroxide and that in 
the negative plate to spongy lead. To obtain 
high current capacity, a cell consists of a num-
ber of positive plates, all connected together, 
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If a bar magnet is cut in half, as in Fig. 
213-B, it is found that the cut ends also are 
poles, of opposite kind to the original poles on 
the same piece. Such cutting can be continued 
indefinitely, and, no matter how small the 
pieces are made, there are always two opposite 
poles associated with each piece. In other 
words, a single magnetic pole cannot exist 
alone; it must always be associated with a pole 
of the opposite kind. 
To explain this property of a magnet, it is 

considered that each molecule of a magnetic 
substance is itself a miniature magnet. If the 
material is not magnetized, the molecules are 
in random positions and the total magnetic ef-
fect is zero since there are just as many mole-
cules tending to set up a magnetic field in one 
direction as there are others tending to set up a 
field in the opposite direction. When the sub-
stance becomes magnetized, however, the 
molecules are aligned so that most or all of the 
N poles of the molecular magnets are turned 
toward one end of the material while the S 
poles point toward the other end. 
Magnetic induction — When an un magnet-

ized piece of iron is brought into the field of a 
magnet, its molecules tend to align themselves 
as described in the preceding paragraph. If one 
end of the iron is near the N pole of the mag-
net, the S poles of the molecules will turn 
toward that end and an S pole is said to be in-
duced in the iron. An N pole will appear at the 
opposite end. Because of the attraction be-
tween opposite poles, the iron will be drawn 
toward the magnet. Since the iron has become 
a magnet under the influence of the field, it 
also possesses the property of attracting other 
pieces of iron. 
When the magnetic field is removed, the mol-

ecules may or may not resume their 'random 
positions. If the material is soft iron the mag-
netism disappears quite rapidly when the field 
is removed, but in some types of steel the 
molecules are slow to resume their random 
positions and such materials will retain mag-
netism for a long time. A magnet which loses 
its magnetism quickly when there is no exter-
nal magnetizing force is called a temporary 
magnet, while one which retains its magnetism 
for a long time is called a permanent magnet. 
The tendency to retain magnetism is called 
retentivity. The process of destroying magnet-
ism can be hastened by heating, which increases 
the motion of the molecules within the sub-
stance, as well as by mechanical shock, which 
also tends to disturb the molecular alignment. 

Electric current and the magnetic fieM — 
Experiment shows that a moving electron 
generates a magnetic field of exactly the same 
nature as that existing about a permanent 
magnet. Since a moving electron, or group of 
electrons moving together, constitutes an elec-
tric current, it follows that the flow of current 
is accompanied by the creation of a magnetic 
field. When the conductor is a wire the mag-
netic lines of force are in the form of concentric 

Fig. 214— Whenever elec-
tric current passes through a 
wire, magnetic lines of force 
are set up, in the form of 
concentric circles, at right 
angles to the wire, and a 
magnetic field is said to exist 
around the wire. The direc-
tion of this field is controlled 
by the direction of current 
flow, and can be traced by 
means of a small compass. 

circles around it and lie in planes at right 
angles to it, as shown in Fig. 214. The direction 
of this field is controlled by the direction of 
current flow. 

There is an easily remembered method for 
finding the relative directions of the current 
and of the magnetic field it sets up. Imagine the 
fingers of the right hand curled about the wire, 
with the thumb extended along the wire in the 
direction of current flow (the conventional 
direction, from positive to negative, not the 
direction of electron movement). Then the fin-
gers will be found to point in the direction of 
the magnetic field; that is, from N to S. 
Magnetornotive force — The force which 

causes the magnetic field is called magnetomo-
tire force, abbreviated m.m.f. It corresponds to 
electromotive force or e.m.f. in the electric cir-
cuit. The greater the magnetomotive force, the 
stronger the magnetic field; that is, the larger 
the number of magnetic lines per unit area. 
Magnetomotive force is proportional to the 
current flowing. When the wire carrying the 
current is formed into a coil so that the mag-
netic flux will be concentrated instead of being 
spread over a large area, the m.m.f. also is 
proportional to the number of turns in the coil. 
Consequently magnetomotive force can be ex-
pressed in terms of the product of current and 
turns, and the ampere-turn, as this product is 
called, is in fact the common unit of magneto-
motive force. The same magnetizing effect can 
be secured with a great many turns and a weak 
current or with a few turns and a strong cur-
rent. For example, if 10 amperes flow in one 
turn of wire, the magnetizing effect is 10 am-
pere-turns. If there is one ampere flowing in 10 
turns of wire, the magnetomotive force also is 
10 ampereturns. 
The magnetic circuit — Since magnetic 

lines of force are always closed upon them-
selves, it is possible to draw an analogy be-
tween the magnetic circuit and the ordinary 
electrical circuit. The electrical circuit also 
must be closed so that a complete path is pre-
vided around which the electrons or current 
can flow. However, there is no insulator for the 
magnetic field, so that the magnetic circuit is 
always complete even though no magnetic ma-
terial (such as iron) may be present. 
The number of lines of magnetic force, or 

flux, is equivalent in the magnetic circuit to 
current in the electric circuit. However, it is 
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removed, or prevented from forming by chemi-
cal means, polarization is reduced and current 
can flow as long as there is material in the nega-
tive electrode to furnish the energy. A chemical 
which prevents the formation of hydrogen 
bubbles in a cell is called a depolarizer. 

In addition to polarization effects, a cell has 
a certain amount of internal resistance because 
of the resistance of the electrodes and the elec-
trolyte and the contact resistance between the 
electrodes and electrolyte. The internal resist-
ance depends upon the materials used and the 
size and electrode spacing of the cell. Large 
cells with the electrodes close together will 
have smaller internal resistance than small 
cells made of the same materials. 
A collection of cells connected together is 

called a battery. The terni battery also is ap-
plied (although incorrectly) to a single cell. 
Dry cells— The most familiar form of 

primary cell is the dry cell. Like the elementary 
type of cell just described, it has a liquid elec-
trolyte, but the liquid is mixed with other mate-
rials to form a paste. The cell therefore can be 
used in any position and handled as though it 
utually were dry. 
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Fig. 209 - Construction of a dry cell. 

The construction of an ordinary dry cell is 
shown in Fig. 209. The mutabler is the nega-
tive electrode and is made of zinc.. Next to it is 
a section of blotting material saturated with 
the electrolyte, a solution of sal ammoniac. 
The positive electrode is a carbon rod, and the 
space between it and the blotting paper is filled 
with a mixture of carbon, manga nc,c dioxide 
(the depolarizer) and the elect roll e. The 1 op 
is filled with sealing compound to prevent 
evaporation, since the cell will not work when 
the electrolyte drys out. The e.m.f. of a dry cell 
is about 1.5 volts. 
Dry cells are made in various sizes, depend-

ing upon the current which they will be called 
upon to furnish. The construction frequently 
varies from that shown in Fig. 209, although 
in general the basic materials are the same in 
all dry cells. Batteries of small cells are assem-
bled together as a unit for furnishing plate cur-
rent for the vacuum tubes used in portable 
receiving sets; such "'• batteries, as they are 
called, can supply a current of a few hun-
dredths of an ampere continuously. Larger 
cells, such as the common " No. 6" cell, can 
deliver currents of a fraction of an ampere con-
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tinuously, or currents of several amperes for 
very short periods of time. The total amount of 
energy delivered by a dry cell is larger when the 
cell is used only intermittently, as compared 
with continuous use. The cell will deteriorate 
even without use, and should be put into serv-
ice within a year or so from the time it is manu 
factured. The period during which it is usable 
(without having been put in service) is known 
as the " shelf life" of the cell or battery. 
Secondary cells— The types of cells just 

described are known as primary cells, because 
the electrical energy is obtained directly from 
chemical energy. In some types of cells the 
chemical actions are reversible; that is, forcing 
a current through the cell, in the opposite 
direction to the current flow when the cell is de-
livering electrical energy, causes just the re-
verse chemical action. This tends to restore the 
cell to its original condition, and electrical 
energy is transformed into chemical energy. 
The process is called charging the cell. A cell 
which must first be ( barged before it can de-
liver electrical energy is called a secondary cell. 
A simple form of secondary cell can be made 

by immersing two lead electrodes in a dilute 
solution of sulphuric acid. If a current is forced 
through the cell. the surface of the electrode 
which is connected to the positive terminal of 
the charging e.m.f. will be changed to lead 
peroxide and the surface of the electrode con-
nected to the negative terminal will be changed 
to spongy lead. After a period of charging the 
charging source can be disconnected, and the 
cell will he found to have an e.m.f. of about 2.1 
volts. It will furnish a small current to an ex-
ternal circuit for :t period of time. This dis-
charge of electrical energy is accompanied by 
chemical action which forms lead sulphate on 
both electrodes. When the lead peroxide and 
spongy lead are converted to lead sulphate 
there is no longer a difference of potential, 
since both electrodes are now the same mate-
rial, and the cell is completely discharged. 
The leml storage battery — The most com-

mon form of secondary cell is the lead storage 
cell. The common storage battery for automo-
bile starting consists of three such cells eon-
fleeted together electrically and assembled in a 
single container. The principle of operation is 
similar to that just described, but the con-
struction of the cell is considerably more com-
plicated. To obtain large currents it is neces-
sary to use electrodes having a great deal of 
surface area and to put them as close together 
as possible. The electrodes are made in the 
form of rectangular flat plates, consisting of a 
latticework or grid of lead or an alloy of lead. 
The interstices of the latticework are filled 
with a paste of lead oxide. The electrolyte is a 
solution of sulphuric acid in water. When the 
cell is charged, the lead oxide in the positive 
plate is converted to lead peroxide and that in 
the negative plate to spongy lead. To obtain 
high current capacity, a cell consists of a num-
ber of positive plates, all connected together, 
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and a number of negative plates likewise con-
nected together. They are arranged as shown 
in Fig. 210, with alternate negative and posi-
tive plates kept from touching by means of 
thin separators of insulating material, generally 
treated wood or perforated hard rubber. The 
separators preferably should be porous, so that 
the electrolyte can pass through them freely; 
thus they do not impede the passage of current 
from one plate to the next. There is always one 
extra negative plate in such an assembly, be-
cause the active material in the positive plate 
expands when the cell is being charged and if 
all the expansion took place on one side the 
plate would be distorted out of shape. 
The e.m.f. of a fully charged storage cell is 

about 2.1 volts. When the e.m.f. drops to about 
1.75 volts on discharge, the cell is considered to 
be completely discharged. Discharge beyond 
this limit may result in the formation of so 
much lead sulphate on the plates that the cell 
cannot be recharged, since lead sulphate is an 
insulator. During the charging process water 
in the electrolyte is used up, with the result 
that the sulphuric acid solution becomes more 
concentrated. The higher concentration in-
creases the specific gravity of the solution, so 
that the specific gravity may be used to indi-
cate the state of the battery with respect to 
charge. In the ordinary lead storage cell the so-
lution is such that a specific gravity of 1.285 to 
1.300 indicates a fully charged cell, while a dis-
charged cell is indicated by a specific gravity 
of 1.150 to 1.175. The specific gravity can be 
measured by means of a hydrometer, shown in 
Fig. 211. For use with portable batteries, the 
hydrometer usually consists of a glass tube 
fitted with a syringe so that some of the elec-
trolyte can be drawn from the cell into the 
tube. The hydrometer float is a smaller glass 
tube, air-tight and partly filled with shot to 
make it sink into the solution. The lower the 
specific gravity of the solution, the farther the 
float sinks into it. A graduated scale on the 
float shows the specific gravity directly, being 
read at the level of the solution. 

Storage cells are rated in ampere-hour capac-
ity, based on the number of amperes which can 
be furnished continuously for a stated period of 
time. For example, the cell may have a rating 
of 100 ampere-hours at an 8-hour discharge 
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rate. This means that the cell will deliver 100/8 
or 12.5 amperes continuously for 8 hours after 
having been fully charged. The ampere-hour 
capacity of a cell will vary with the discharge 
rate, becoming smaller as the rated timè of 
discharge is made shorter. It also depends upon 
the size of the plates and their number. In 
automobile-type batteries the dimensions of 
the plates are fairly well standardized, so that 
the ampere-hour capacity is chiefly determined 
by the number of plates in a cell. It is, there-
fore, common practice to speak of " 11-plate," 
"15-plate," etc., batteries as an indication of 
the battery capacity. 

Lead storage batteries must be kept fully 
charged if they are to stay in good conditien. 
If a discharged battery is left standing idle, 

lead sulphate will form 
on the plates and 
eventually the battery 
will be useless. When 
the battery is being 
charged, hydrogen 
bubbles are given off by 
the electrolyte which, in 

Calibrated ri bursting at the surface, 
throw out fine drops of 
the electrolyte. This is 

Vezirviy/ called " gassing." The 
sulphuric-acid solution 
spray from gassing will 
attack many materials, 
and consequently care 
must be used to see 
that it is not permitted 
to fall on near-by ob-
jects. It should also be 
wiped off the battery 
itself. 
A lead battery may 

be charged at its nomi-
nal discharge rate; i.e., 
a 100-ampere-hour bat-
tery, 8-hour rating, can 
be charged at 100/8, 

or 12.5 amperes. The charging voltage re-
quired is slightly more than the output voltage 
of the cell. The preferred method is to charge 
at the full rate until the cells start to " gas" 
freely, after which the charging rate should be 
dropped to about half its initial value until the 

battery is fully charged, as indicated 
by the hydrometer reading. Alterna-
tively, the battel y may be charged 
from a constant-potential source 
(about 2.3 volts per cell), when the 
rise of terminal voltage of the battery 
as it accumulates a charge will auto-
matically " taper" the charging rate. 
The solution in a lead storage bat-

tery will freeze at a temperature of 
about zero degrees Fahrenheit when 
the battery is discharged, but a fully 
charged battery will not freeze until 
the temperature reaches about 90 de-
grees below zero. Keeping the battery 

Shot 

Fig.211—The hydrom. 
eter, a device with a 
calibrated scale for 
measuring the specific 
gravity of the electro-
lyte, used to determine 
the state of charge of a 
lead storage battery. 
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Fig. 210— Details of typical lead storage-battery construction. 
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Fig. 212 — Series, parallel, and series-parallel connec-
tion of cells. Series connection increases the total voltage 
withaut changing current capacity; parallel connection 
increases current capacity without increasing voltage. 

charged therefore is the best way to insure 
agairst damage by freezing. 

Cells in series and parallel — For proper op-
eration, many electrical devices require higher 
voltage or current than can be obtained from 
a single cell. If greater voltage is needed, cells 
may be connected in series, as shown in Fig. 
212-A. The negative terminal of one cell is 
connected to the positive terminal of the next, 
so that the total e.m.f. of the battery is equal to 
the sum of the e.m.f.s of the individual cells. 
For radio purposes, batteries of 45 and 90 volts 
or more are built up in this way from 1.5-volt 
dry cells. An automobile storage battery con-
sists of three lead storage cells in series, total-
ling 6.3 volts — or, in round figures, 6 volts. 
The current which may be taken safely from a 
battery composed of cells in series is the sanie 
as that which may be taken safely from one cell 
alone; since the same current flows through all 
cells, the current capacity is unchanged. 
When the device or load to which the battery 

is to be connected requires more current than 
can be taken safely from a single cell, the cells 
may be connected in parallel, as shown in Fig. 
212-B. In this case the total current is the sum 
of the currents contributed by the individual 
cells, each contributing the same amount if the 
cells are all alike. When cells are connected in 
parallel it is essential that the e.m.f.s all be the 
same, since if one cell generated a larger voltage 
than the others it would force current through 
the other cells in the reverse direction and thus 
would take most, if not all, of the load. Also, if 
one cell has a lower terminal voltage than the 
others it will take current from the others 
rather than carrying its fair share. 

Cells may be connected in series-parallel, as 
in Fig. 212-C, to increase both the voltage and 
the current-carrying capacity of the battery. 

(f_ 2-5 Electromagnetism 

The magnetic field — Everyone is familiar 
with the fact that a bar or horseshoe magnet 
will attract small pieces of iron. Just as in the 
case of electrostatic attraction (§ 2-3) the con-
cept of a field, in this case a field of magnetic 
force, is adopted to explain the magnetic ac-
tion. The field is visualized as being made up of 
lines of magnetic force, the number of which 
per unit area determines the field strength. As 
in the case of the electrostatic field, the lines of 
force do not have physical existence but simply 
represent a convenient way of describing the 
properties of the force. 
Magnetic attraction and repulsion — The 

forces exerted by the magnetic field are an-
alogous to electrostatic forces. Corresponding 
to positive and negative electric charges, it is 
found that there are two kinds of magnetic 
poles. Instead of being called " positive" and 
"negative," however, the magnetic poles are 
called " north" (N) and " south" (S) poles. 
These names arise from the fact that, when a 
magnetized steel rod is freely suspended, it will 
turn into such a position that one end points 
toward the north. The end which points north 
is called the " north-seeking," or simply the 
"north," pole. 

Unlike electric lines of force, which termi-
nate on charges of opposite polarity (§ 2-3), 
magnetic lines of force are closed upon them-
selves. This is illustrated by the field about a 
bar magnet, as shown in Fig. 213-A. The lines 
extend through the magnet, the direction being 
taken from S to N inside the magnet and from 
N to S outside the magnet. If similar poles of 
two magnets are brought near each other, there 
is a force of repulsion between them, while dis-
similar poles are attracted when brought close 
together. As in the case of electric charges, like 
poles repel, unlike poles attract. 
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Fig. 213 — (A) The field about a bar magnet. The 
magnetic lines of force are continuoue, part of the path 
being inside the magnet and part outside. (B) Cutting a 
magnet produces two magnets, each complete with N 
and S poles. With the magnets in the positions shown, 
some of the lines of force are common to both magnets. 
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If a bar magnet is eut in half, as in Fig. 
213-B, it is found that the cut ends also are 
poles, of opposite kind to the original poles on 
the same piece. Such cutting can be continued 
indefinitely, and, no matter how small the 
pieces are made, there are always two opposite 
poles associated with each piece. In other 
words, a single magnetic pole cannot exist 
alone; it must always be associated with a pole 
of the opposite kind. 
To explain this property of a magnet, it is 

considered that each molecule of a magnetic 
substance is itself a miniature magnet. If the 
material is not magnetized, the molecules are 
in random positions and the total magnetic ef-
fect is zero since there are just as many mole-
cules tending to set up a magnetic field in one 
direction as there are others tending to set up a 
field in the opposite direction. When the sub-
stance becomes magnetized, however, the 
molecules are aligned so that most or all of the 
N poles of the molecular magnets are turned 
toward one end of the material while the 
poles point toward the other end. 
Magnetic induction— When an un magnet-

ized piece of iron is brought into the field of a 
magnet, its molecules tend to align themselves 
as described in the preceding paragraph. If one 
end of the iron is near the N pole of the mag-
net, the S poles of the molecules will turn 
toward that end and an S pole is said to be in-
duced in the iron. An N pole will appear at the 
opposite end. Because of the attraction be-
tween opposite poles, the iron will be drawn 
toward the magnet. Since the iron has become 
a magnet under the influence of the field, it 
also possesses the property of attracting other 
pieces of iron. 
When the magnetic field is removed, the mol-

ecules may or may not resume their 'random 
positions. If the material is soft iron the mag-
netism disappears quite rapidly when the field 
is removed, but in some types of steel the 
molecules are slow to resume their random 
positions and such materials will retain mag-
netism for a long time. A magnet which loses 
its magnetism quickly when there is no exter-
nal magnetizing force is called a temporary 
magnet, while one which retains its magnetism 
for a long time is called a permanent magnet. 
The tendency to retain magnetism is called 
retentivity. The process of destroying magnet-
ism can be hastened by heating, which increases 
the motion of the molecules within the sub-
stance, as well as by mechanical shock, which 
also tends to disturb the molecular alignment. 

Electric current and the magnetic field — 
Experiment shows that a moving electron 
generates a magnetic field of exactly the same 
nature as that existing about a permanent 
magnet. Since a moving electron, or group of 
electrons moving together, constitutes an elec-
tric current, it follows that the flow of current. 
is accompanied by the creation of a magnetic 
field. When the conductor is a wire the mag-
netic lines of force are in the form of concentric 

Fig. 214 — Whene% er elec-
tric current passes through a 
wire, magnetic lines of force 
are set up, in the form of 
concentric circles, at right 
angles to the wire, and a 
magnetic field is said to exist 
around the wire. The direc-
tion of this field is controlled 
by the direction of current 
flow, and can be traced by 
means of a small compass. 

circles around it and lie in planes at right 
angles to it, as shown in Fig. 214. The direction 
of this field is controlled by the direction of 
current flow. 
There is an easily remembered method for 

finding the relative directions of the current 
and of the magnetic field it sets up. Imagine the 
fingers of the right hand curled about the wire, 
with the thumb extended along the wire in the 
direction of current flow (the conventional 
direction, from positive to negative, not the 
direction of electron movement). Then the fin-
gers will he found to point in the direction of 
the magnetic field; that is, from N to S. 
Magnetomotire force — The force which 

causes the magnetic field is called magnelomo-
tire force, abbreviated m.m.f. It corresponds to 
electromotive force or e.m.f. in the electric cir-
cuit. The greater the magnetomotive force, the 
stronger the magnetic field; that is, the larger 
the number of magnetic lines per unit area. 
Magnetoinotive force is proportional to the 
current flowing. When the wire carrying the 
current is formed into a coil so that the mag-
netic flux will be concentrated instead of being 
spread over a large area, the m.m.f. also is 
proportional to the number of turns in the coil. 
Consequently magnetomotive force can be ex-
pressed in terms of the product of current and 
turns, and the ampere-turn, as this product is 
called, is in fact the common unit of magneto-
motive force. The same magnetizing effect can 
be secured with a great many turns and a weak 
current or with a few turns and a strong cur-
rent. For example, if 10 amperos flow in one 
turn of wire, the magnetizing effect is 10 am-
pere-turns. If there is one ampere flowing in 10 
turns of wire, the magnetomotive force also is 
10 ampereturns. 
The magnetic circuit — Since magnetic 

lines of force are always closed upon them-
selves, it is possible to draw an analogy be-
tween tlfe magnetic circuit and the ordinary 
electrical circuit. The electrical circuit also 
must be closed so that a complete path is pre-
vided around which the electrons or current 
can flow. However, there is no insulator for the 
magnetic field, so that the magnetic circuit is 
always complete even though no magnetic ma-
terial (such as iron) may be present. 
The number of lines of magnetic force, or 

flux, is equivalent in the magnetic circuit to 
current in the electric circuit. However, it is 
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usual- practice to express the strength of the 
field in terms of the number of lines per unit 
area, or flux density. The unit of flux density 
is the gauss, which is equal to one line per 
square centimeter, but the terms " lines per 
square centimeter" or " lines per square inch" 
are commonly used instead. 

Corresponding to resistance in the electric 
circuit is the tendency to obstruct the passage 
of magnetic flux, which is called reluctance. 
The reluctance of good magnetic materials, such 
as iron and steel, is quite low. 
The permeability of a material is the ratio of 

the flux which would be set up in a closed mag-
netic path or circuit of the material to the flux 
that would exist in a path of the same dimen-
sions in air, the same m.m.f. being used in 
both cases. The permeability of air is assigned 
the value 1. The permeability of steels of vari-
ous types varies from about 50 to several thou-
sand, depending upon the materials alloyed 
with the steel. Very high permeabilities are 
attained in certain special magnetic materials, 
such as " permalloy," which is an alloy of iron 
and nickel. 
The permeability of magnetic materials de-

pends upon the density of magnetic flux in the 
.material. At very high flux densities the perme-
ability is less than its value at low or moderate 
flux densities. This is because the flux in mag-
netic materials is proportional to the applied 
m.m.f. only over a limited range. As the m.m.f. 
increases more and more qf the molecular 
magnets within the material beeome aligned, 
until eventually a point is rearlied where a very 
great increase in m.m.f. is required to eatise 
relatively small increase in flux. This is called 
magnetic saturation. In this region of sat ' uration 
the permeability decreases, since the ratio 
between the number of lines in the material and 
the number in air, for the same m.m.f., is 
smaller than when the flux density is below the 
saturation point. 
Energy in the magnetic field— Like the 

electrostatic field (§ 2-3), the magnetic field 
represents potential energy. Consequently the 
expenditure of energy is necessary to set up a 
magnetic field, but once the field has been es-
tablished and remains constant no further en-
ergy is consumed in maintaining it. If by some 
means the field is caused to disappear, the 
stored-up magnetic energy is converted to 
energy in some other form. In other W. III',Is t he 
energy undergoes a transformation when the 
magnetic field is changing, being stored in We 
field when the field strength is increasing and 
being released from the field when the field 
strength is decreasing. 
When a magnetic field is set up by a current 

flowing in a wire or coil, a certain amount of 
energy is used initially in bringing the field 
into existence. Thereafter the current must 
continue to flow, if the field is to be nutintained 
at steady strength, but no expenditure of en-
ergy is required for this purpose. (There will be 
a steady energy loss in the circuit, but only 

because of the resistance of the wire.) If the 
current stops the energy of the field is trans-
formed back into electrical energy, tending to 
keep the current flowing. The amount of en-
. ergy stored and subsequently released depends 
upon the strength of the field, which in turn 
depends upon the intensity of the current and 
the circuit conditions; i.e., it depends upon the 
relationship between field strength and current 
in the circuit. 
Induced voltage— Since a magnetic field is 

set up by an electric current, it is not surprising 
to find that, in turn, a magnetic field can cause 
a current to flow in a closed electrical circuit. 
That is, an e.m.f. can be induced in a wire in a 
magnetic field. However, since a change in the 
field is required for energy transformation, an 
e.m.f. will be induced only when there is a 
change in the field with respect to the wire. 

This change may be an actual change in the 
field strength or may be caused by relative 
motion of the field and wire; e.g., a moving 
field and a stationary wire, or a moving wire 
and a stationary field. It is convenient to con-
sider this induced e.m.f. as resulting from the 
wire's " cutting through" the lines of force of 
the field. The strength of the e.m.f. so induced 
is proportional to the rate of cutting of the 
lines of force. 

If the conductor is moving parallel with 
the lines of force in a field, no voltage is in-
duced since no lines are cut. Maximum cutting 
results when the conductor moves through the 
field in such a way that both its longer di-
mension and direction of motion are per-
pendicular to the lines of force, as shown in 
Fig. 215. When the conductor is stationary and 
the field strength varies, the induced voltage 
results from the alternate increase and decrease 
in t he number of lines of force cutting the wire 
as the m.m.f. varies in intensity. 

Direction al motion 

Lines of Force 
Direction of 
induced eme 

Fig. 215 — Showing how e.m.f. is induced in a conductor 
moving through a stationary magnetic field, cutting the 
lines of force. Conversely, a current sent through the 
 luctor in the sanie direction by means of an external 
e.m f. will cause the conductor to move downiiard. 

Lenz's Late— When a voltage is induced 
and current flows in a conductor moving in a 
magnetic field, energy of motion is transformed 
into electrical energy. • That is, mechanical 
work is done in moving the conductor when an 
induced current flows in it. If this were not so 
the induced voltage would be creating electrical 
energy, in violation of the fundamental prin-
ciple of physics that energy can neither be 
created nor destroyed but only transformed. 



24 THE RADIO AMATEUR'S HANDBOOK 

It is found, therefore, that the flow of current 
creates an opposing magnetic force tending to 
stop the movement of the wire. The statement 
of this principle is known as Lenz's Law: " In 
all cases of electromagnetic induction, the in-. 
duced currents have such a direction that their 
reaction tends to stop the motion which pro-
duces them." 
Motor principle — The fact that current 

flowing in a conductor moving through a mag-
netic field tends to oppose the motion indicates 
that current sent through a stationary conduc-
tor in a magnetic field would tend to set the 
conductor in motion. Such is the case. If moving 
the conductor through the field in the direction 
indicated in Fig. 215 causes a current to flow 
as shown, then, if the conductor is stationary 
and an e.m.f. is applied to send a current 
through the conductor in the same direction, 
the conductor will tend to move across the 
field in the opposite direction. 

This principle is used in the electric motor. 
The same rotating machine frequently may 
be used either as a generator or motor; as a 
generator it is turned mechanically to cause 
an induced e.m.f., and as a motor electric 
current through it causes mechanical motion. 
Self-induction— When an e. m.f. is applied 

to a wire or coil, current begins to flow and a 
magnetic field is created. Just before closing 
the circuit there was no field; just after closing 
it the field exists. Consequently, at the instant 
of closing the circuit the rate of change of the 
field is very rapid. Since the wire or coil carry-
ing the current is a conductor in a changing 
field, an e.m.f. will be induced in the wire. This 
induced voltage is the e.m.f of self-induction, 
so called because it results from the current 
flowing in the wire itself. 
By the principle of conservation of energy 

(and Lenz's Law), the polarity of the induced 
voltage must be such as to oppose the applied 
voltage; that is, the induced voltage must tend 
to send current through the circuit in the 
direction opposite to that of the current caused 
by the applied voltage. At the instant of closing 
the circuit the field changes at such a rate that 
the induced voltage equals the applied voltage 
(it cannot exceed the applied voltage, because 

Sv.1101-5 

Fig. 216 — When the conducting wire is coiled, the 
individual magnetic fields of each turn are in such a 
direction as to produce a field similar to that of a bar 
magnet. The schematic symbols for inductance are 
shown at the right. The symbol at the left in the top 
row indicates an iron-core inductance; at the right, air 
core. Variable inductances are shown in the bottom row. 

then it would be supplying energy to the source 
of applied e.m.f.), but after a short interval 
the rate of change of the field no longer is so 
rapid and the induced voltage decreases. Thus 
the current flowing is very small at first when 
the applied and induced e.m.f.s are about 
equal, but raes as the induced voltage becomes 
smaller. The process is cumulative, the current 
eventually reaching a final value determined 
only by the resistance in the circuit. 

In forcing current through the circuit against 
the pressure of the induced or " back" voltage, 
work is done. The total amount of work done 
during the time that the current is rising to its 
final value is equal to the amount of energy 
stored in the magnetic field, neglecting heat 
losses in the wire itself. As explained before, 
no further energy is put into the field once the 
current becomes steady. However, if the cir-
cuit is opened and current flow , caused by the 
applied e.m.f. ceases, the field collapses. The 
rate of change of field strength is very great in 
this case, and a voltage is again induced in the 
coil or wire. This voltage causes a current flow 
in the same direction as that of the applied 
e.m.f., since energy is now being restored to the 
circuit. The energy usually is dissipated in the 
spark which occurs when such a circuit is 
opened. Since the field collapses very rapidly 
when the switch is opened, the induced e.m.f. 
at such a time can be extremely high. 
Inductance — As explained above, the 

strength of the self-induced voltage is propor-
tional to the rate of change of the field. How-
ever, it is also apparent from the foregoing that 
the voltage also depends upon the properties of 
the circuit, since, if a number of similar conduc-
tors are in the same varying field, the same volt-
age will be induced in each. By combining the 
conductors properly, the total induced voltage 
in such a case will be the sum of the voltages 
induced in each wire. Also, the rate of change of 
field strength depends upon the strength of the 
field set up by a given amount of current flow-
ing in the wire or coil, and this in turn depends 
upon the ampere-turns, permeability, length 
and cross-section of the magnetic path, etc. 
For a given circuit, however, the field 

strength will be determined by the current, and 
the rate of change of the field consequently 
will be determined by the rate of change of 
current. Hence, it is possible to group all of 
these other factors into one quantity, a prop-
erty of the circuit. This property is called in-
ductance. When this is done, the equation giv-
ing the value of the induced voltage becomes: 

Induaed voltage 
= L X rate of change of current 

where L is the value of inductance in the cir-
cuit. 

Inductance is a property associated with all 
circuits, although in many cases it may be so 
small in comparison to other circuit properties 
(such as resistance) that no error results from 
neglecting it. The inductance of a straight wire 
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increases with the length of the wire and de-
creases with increasing wit.% diameter. The in-
ductance of such a wire is small, however. For 
a given length of wire, much greater inductance 
can be secured by winding the wire into a coil 
so that the total flux from the wire is concen-
trated into a small space and the flux density 
correspondingly increased. The unit of induc-
tance is the henry. A circuit or coil has an in-
ductance of one henry if an e.m.f. of one volt 
is induced when the current changes at the 
rate of one ampere per second. In radio work 
it is frequently convenient to use smaller units; 
those commonly used are the millihenry (one 
thousandth of a henry) and the microhenry 
(one millionth of a henry). 

It will be recognized that the relationship 
between inductance and the magnetic field 
is similar to that between capacity and the 
electrostatic field. The greater the inductance, 
the greater the amount of energy stored in the 
magnetic field for a given amount of current; 
the greater the capacity, the greater the 
amount of energy stored in the electrostatic 
field for a given voltage. 
The inductance of a coil of wire depends 

upon the number of turns, the cross-sectional 
dimensions of the coil, and the length of the 
winding. It also depends upon the permeability 
of the material on which the coil is wound, or 
core. Formulas for computing the inductance 
of air-core coils of the type commonly used in 
radio work, are given in Chapter Twenty. 
Mutual inductance— If two coils are ar-

ranged with their axes coinciding, as shown 
in Fig. 217, a current sent through Coil 1 will 
cause a magnetic field which cuts Coil 2. Con-
sequently, 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; that is, 

Induced e.m.f. 
M X rate of change of current 

where M is a quantity called the mutual induct-
ance of the two coils. The mutual inductance 
may be large or small, depending upon the 
self-inductances of the coils and the propor-
tion of the total flux set up by one coil which 
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, while if only a small part of 
the flux set up by one coil cuts the turns of 
the other the mutual inductance may be rela-
tively small. Two coils having mutual induct-
ance are said to be coupled. 
The degree of coupling expresses the ratio of 

actual mutual inductance to the maximum 
possible value. Coils which have nearly the 
maximum possible mutual inductance are said 
to be closely, or tightly, coupled, while if the 
mutual inductance is relatively small the coils 
are said to be loosely coupled. The degree of 
coupling depends upon the physical spacing 
between the coils and how they are placed with 

Fig. 217 — Mutual 
inductance. When 
the switch, S, is closed 
current flows through 
coil No. 1, setting up a 
magnetic field which 
induces an e.m.f. in 
the turns of coil No. 2. 
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respect to each other. Maximum coupling ex-
ists when they have a common axis, as shown 
in Fig. 217, and are as close together as possible. 

If two coils having mutual inductance are 
connected in the same circuit, the directions 
of the respective magnetic fields may be such 
as to add or oppose. In the former case the 
mutual inductance is said to be " positive"; 
in the latter case, " negative." Positive mutual 
inductance in such a circuit means that the 
total inductance is greater than the sum of the 
two individual inductances, while negative 
inductance means that the total inductance is 
less than the sum of the two individual in-
ductances. The mutual inductance may be 
made either positive or negative simply by 
reversing the connections to one of the coils. 

tI 2-6 Fundamental Relations 

Direct current — A current which always 
flom. , in the same direction through a circuit is 
called a direct current, frequently abbreviated 
d.c. Current flow caused by batteries, for ex-
ample, is direct current. One terminal of each 
cell is always positive and the other always 
negative, hence electrons are attracted only in 
the one direction around the circuit. To make 
the current change direction, the connections 
to the battery terminals must be reversed. 
Work, energy and power— When a quan-

tity of electricity is moved from a point of one 
potential to a point at a second potential, work 
is done. The work done is the product of 
the quantity of electricity and the difference of 
potential through which it is moved; that is, 

W = QE 

In the practical system of units, with Q in 
coulombs and E in volts, the unit of work is 
called the joule. Energy, which is the capacity 
for doing work, is measured in the same units. 

Since I = Q It when the current is constant 
(§ 2-1), Q = It. Substituting for Q in the 
equation above gives 

W = EIt 

where E is in volts, I in amperes, and t in sec-
onds. One ampere flowing through a difference 
of potential of one volt for one second does one 
joule of work. Power is the time rate at which 
work is done, so that, if the work is done at a 
uniform rate, dividing the equation by t will 
give the electrical power: 

P = EI 

The unit of electrical power is the watt. 
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In practical work, the term "joule" is sel-
dom used for the unit of work or energy. The 
more common name is watt-second (one joule is 
equal to one watt applied for one second). The 
watt-second is a relatively small unit; a larger 
one, the watt-hour (one watt of power applied 
for one hour) is more frequently used. Again, 
for some purposes the watt is too small a unit, 
and the kilowatt (1000 watts) is used instead. 
A still larger energy unit is the kilowatt-hour, 
the meaning of which is easily interpreted. 
Fractional and multiple units — As illus-

trated by the examples in the preceding para-
graph, it is frequently convenient to change 
the value of a unit so that it will not be neces-
sary to use very large or very small numbers. 
As applied to electrical units, the practice is to 
add a prefix to the name of the fundamental 
unit to indicate' whether the modified unit is 
larger or smaller. The common prefixes are 
micro (one millionth), milli (one thousandth), 
kilo (one thousand) and mega (one million). 
Thus, a microvolt is one millionth of a volt, a 
milliampere is one thousandth of an ampere, a 
kilovolt is one thousand volts, and so on. 

Unless there is some indication to the con-
trary, it should be assumed that, whenever a 
formula is given in terms of unprefixed letters 
(E, I, P, R, etc.), the fundamental units are 
meant. If the quantities to be substituted in 
the equation are given in fractional or multiple 
units, conversion to the fundamental units is 
necessary before the equation can be used. 
Ohm's Law— In any metallic conductor, 

the current which flows is directly proportional 
to the applied electromotive force. This rela-
tionship, known as Ohm's Law, can be written 

E = RI 

where E is the e.m.f., I is the current, and R is a 
constant, depending on the conductor, called 
the resistance of the conductor. By definition, 
a conductor has one unit of resistance when an 
applied e.m.f. of one volt causes a current of 
one ampere to flow. The unit of resistance is 
called the ohm. 
Ohm's Law does not apply to all types of 

conduction, particularly to conduction through 
gases and in a vacuum. The law is of very great 
importance, however, because practically all 
eleetrical circuits use metallic conduction. 
By transposing the equation, the following 

equally useful forms are obtained: 

= = E E 
— I  — 
I 

The three equations state that, in a circuit to 
which Ohm's Law applies, the voltage across 
the circuit is equal to the current multiplied by 
the resistance; the resistance of the circuit is 
equal to the voltage divided by the current; 
and the current in the circuit is equal to the 
voltage divided by the resistance. 
Resistance and resistivity — The resistance 

of a conductor is determined by the material of 
which it is made and its temperature, and is 

directly proportional to the length of the con-
ductor (that is, the length of the path of the 
current through the conductor) and inversely 
proportional to the area through which the cur-
rent flows. If the temperature is constant, 

R = k —L 
A 

where R is the resistance, k is a constant de-
pending upon the material of which the con-
ductor is made, L is the length and A the area. 
For the purpose of giving a specific value to k, 
L is taken as one centimeter and A as one 
square centimeter (a cube of the material 
measuring one centimeter on a side); k is then 
the resistance in ohms of such a cube at a 
specified temperature. It is called the specific 
resistance or resistivity of the material. If the 
resistivity is known, the resistance of any 
conductor of known length and uniform cross-
section readily can be determined by the 
ft,rinula above. The length must be in centi-
meters and the area in square centimeters. 
The relationships given above are true only 

for unidirectional (direct) currents and low-
frequency alternating currents. Modifications 
must be made when the current reverses its 
direction many times each second (§ 2-8). 
Conductance and conductivity — The 

reciprocal of resistance is called conductance, 
and has the opposite properties to resistance. 
The lower the resistance of a circuit, the higher 
is the conductance, and vice versa. The sym-
bol of conductance is G, and the relationship 
to resistance is 

1 
G —R 

The unit of conductance is called the mho. A 
circuit or conductor which has a resistance of 
one ohm has a conductance of one mho. By 
substituting 1/G for R in Ohm's Law, 

G = — I =- EG E = — 
E G 

The reciprocal of resistivity is called thé 
specific conductance or conductivity of a ma-
terial, and is measured in mhos per centimeter 
cube. It is frequently useful to know the rela-
tive conductivity of different materials. This 
is usually expressed in per cent conductivity, the 
conductivity of annealed copper being taken 
as 100 per cent. A table of per cent conductivi-
ties is given in Chapter Twenty. 
Power used in resistance — If two con-

ductors of different resistances have the same 
current flowing through them, then by Ohm's 
Law the conductor with the larger resistance 
will have a greater difference of potential 
across its terminals. Consequently, more en-
ergy is supplied to the larger resistance, since 
in a given period of time the same amount of 
electricity is moved through a greater potential 
difference. The energy appears in the form of 
heat in the conductor. With a steady current, 
the heat will raise the temperature of the con-
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Fig. 218 — Two common types of fixed resistors. The 
wire-wound type is used for dissipating power of the 
order nf 5 watts or more. "Pigtail" resistors, usually' 
made of carbon or other resistance material in the form 
oía molded rod or as a thin coating on an insulating tithe, 
rather than being wound with wire, are small in size but 
do not safely dissipate much power. Schematic symbols 
for fixed and variable resistors are shown at lower right. 

ductor until a balance is reached between the 
heat generated and that radiated to the sur-
rounding air or otherwise carried away. 

Sinkee P = El, substituting for E the ap-
propriate form of Ohm's Law (E = R) gives 

P = PR 

and making a similar substitution for / gives 

E2 
P = — 

R 

That is, the power used in heating a resistance 
(or dissipated in the resistance) is proportional 
to the square of the voltage applied or to the 
square of the curreiit flowing. 1 n these forniulas 
i' is ii watts, E in volts awl I in amperes. 

Fut titer transposition of the equations gives 
the following forms, useful when the resistance 
and power are known: 

I = E N./ PR 

Unless the circuit containing the resistance 
is beiqg used for the specific purpose of gen-
erating heat, the power used in heating a re-
sistance is generally considered as a loss. How-
ever. there are very many applications in radio 
circuits where, despite the loss of power, a 
useful purpose is served by introducing re-
sistance deliberately. Resistances made to 
specified values and provided with connecting 
terminals are called resistors. They are fre-
quently wound on ceramic or other heat-re-
sisting tubing with wire having high resistivity. 
Temperature coefficient of resistance — 

The r-sistance of most pure metals increases 
with an increase in temperature. The resist-
ance of a wire at any temperature is given by 

R = Ro ( 1 ± at) 

where R is the required resistance, Ro the 
resistance at 0°C. (temperature of melting 
ice), t is the temperature (Centigrade), and 
a is the temperature coefficient of resistance. 
For capper, a is about 0.004; that is, starting at 
0°C., the resistance increases 0.4 per cent per 
degree above zero. 

Temperature coefficient of resistance be-
comes of importance when conductors operate 
at high temperatures. In the case of resistors 
used in electrical and radio circuits, the heat 
developed by current flow may raise the tem-
perature of the resistance wire to several hun-
dred degrees F. Thus the resistance at operat-
ing temperatures can be very much higher 
than the resistance at room temperature. Con-
sequently such resistors are wound with wire 
which has a low temperature coefficient of 
resistance, so that the resistance will be more 
nearly constant under all conditions. 
Resistances in series — When two or 

more resistances arc connected so that the 
saine current flows through each in turn, as 
slit twit in Fig. 219, they are said to be connected 
in series. Then, by Ohm's Law, 

= 
E2 = ik2 

E3 = 11(3 

etc., where the subscripts 1, 2, 3 indicate the 
first, second and third resistor, and the volt-
ages El. E2 and E3 are the voltages appearing 
across the terminals of the respective resistors. 
Adding the three voltages gives the total 
voltage across the three resistors: 

E = Ei E2 E3 = IR2 IR3 = 
1 (RI + R2 + R3) = II? 

1 
E 

Fig. 219— Resist-
ances in series. 

That is, the voltage across 
t resistors in series is equal 
to h he current multiplied by 
t sum of the individual re-
sist : owes. In the above equa-
tion. R, which denotes this 
Su tn. may be called the «mil,-
aleIrt resistance or total re-
sistance. The equivalent 

3 resistance of a number of 
resistors connected in series 
is, therefore, equal to the 
sum of the values of the in-
dividual resistors. 

Resistances in parallel — When a number 
of resistances are c(innected so that the same 
voltage is applied to all, as shown in Fig. 220, 

220 — Rcsistanets in parallel. 

thev are said to be connected in parallel. By 
Ohin's Law, 

E 
I = — 

= —ie2 
E 

13 = — 
R3 

so that the total current, I, which is the sum 
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of the currents in the individual resistors, is 

E E , E 
= + /2 + /3 , -r = — —  — = 

RI R2 R3 

1 
E (— — —) = E - 

Ri R2 R3 R 

where R is the equivalent resistance — i.e., 
the resistance through which the same total 
current would flow if such a resistance were 
substituted for the three shown. Therefore, 

1 1 1 1 

= 711 + /72 ± Tia 

That is, the reciprocal of the equivalent re-
sistance of a number of resistances in parallel 
is equal to the sum of the reciprocals of the 
individual resistances. Since the reciprocal of 
resistance is conductance, 

G = G1 + G2 ± G3 

where G is the total conductance and G1, G2, 
G3, etc., are the individual conductances in 
parallel. 
To obtain R instead of its reciprocal the 

equation above may be inverted, so that 

- 
1 

1 , 1 
, 

Ri  
— 

112 R3 

The number of terms in the denominator of 
this equation will, of course, be equal to the 
actual number of resistors in parallel. 

For the special case of only two resistances in 
parallel, the equation reduces to 

RI R2  
R - 

Ri ± R2 

Serics-parallel connection of resistors is shown 
in Fig. 221. When circuits of this type are en-
countered the equivalent or total resistance 
can be found by first adding the series re-
sistances in each group, then treating each 
group as a single resistor so that the formula 
for resistors in parallel can be used. 

Ei+ E2= E 
E3+E4 
1=1,+1z 

Fig. 221 — Series-parallel connection of resistances. 
Voltage and current relationships are given at the right. 

Voltage dividers and potentiometers — 
Since the same current flows through resistors 
connected in series, it follows from Ohm's 
Law that the voltage (termed voltage drop) 
across each resistor of a series-connected group 
is proportional to its resistance. Thus, in Fig. 
222-A, the voltage Et across RI is equal to the 
applied voltage, E, multiplied by the ratio of 

R1 to the total resistance, or 

R1  

Ri + R2 ± R3 

Similarly, the voltage, E2, is equal to 

R1 + R2  E 
Ri R2 + R3 

Such an arrangement is called a voltage divider, 
since it provides a means for obtaining smaller 
voltages from a source of fixed voltage. When 
current is drawn from the divider at the various 
tap points the above relations are no longer 
strictly true, for then the same current does not 
flow in all parts of the divider. Design data for 
such ca›,es are given in § 8-10. 

Fig. 222 — Voltage divider (A) and potentiometer (B). 

A similar arrangement is shown in Fig. 
222-B, where the resistor, R, is equipped 
with a sliding tap for fine adjustment. Such a 
variable resistor is frequently called a po-
teretiometer. 
bulnetanees in series and parallel— As 

explained in § 2-5, inductance determines the 
voltage induced when the current changes at a 
given rate. That is, E = L X rate of change of 
current. This resembles Ohm's Law, if L cor-
responds to R and the rate of change of current 
to I. Thus, by reasoning similar to that used 
in the case of resistors, it can be shown that, 
for inductances in series, 

L L1 ± L2 + L3 

and for inductances in parallel. 

L - 1 
1 1 1 

L1 L2 L3 

where the number of terms in either equation 
is determined by the actual number of induc-
tances connected in series or parallel. 
These equations do not hold if there is mu-

tual inductance (§ 2-5) between the coils. 
Condensers in series and parallel — When 

a number of condensers are in parallel, as in 
Fig. 223-A, the same e.m.f. is applied to all. 
Consequently, the quantity of electricity stored 
in each is in proportion to its capacity. The 
total quantity stored is the sum of the quanti-
ties in the individual condensers: 

= Qi + Q2 + Q3 = CIE + C2E C3E 
(CI + C2 + C3)E 

where C is the equivalent capacity. The equiv-
alent capacity of condensers in parallel is equal 
to the sum of the individual capacities. 
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E3 3 

Fig. 223— Condensers in parallel (A) and in series (B). 

When condensers are connected in series, 
as in Fig. 223-B, the application of an e.m.f. to 
the circuit causes a certain quantity of elec-
tricity to accumulate on the top plate of Ci. 
By electrostatic induction, an eqoal charge of 
opposite polarity (negative in the illustration) 
appeara on the bottom plate of C1. and, since 
the lower plate of C1 and the upper plate of Cz 
are connected together, this must leave an 
equal positive charge on the upper plate of C2. 
This, in turn, causes the lower plate of Cs to 
assume an equal negative charge, and so on 
down to the plate connected to the negative 
terminal of the source of e.m.f. In other words 
the same quantity of electricity is placed on 
each condenser, and this is equal to the total 
quantity stored. The voltage across each con-
denser will depend upon its capacity, and the 
sum of these voltages must equal the applied 
voltage. Thus, 

E = E2 ES 
el C2 Cs 

(— , — , --- ) = 
Cl C2 e3 e 

where C is the equivalent capacity. This leads 
to an expression similar to that for resistances 
in parallel: 

C = 

Ci rz ez 

where the number of terms in the denominator 
should be the same as the actual number of 
condensers in series. 
Time constant — When a condenser and 

resistor are connected in series with a source of 
e.m.f., such as a bat tery, the initial flow of cur-
rent into the condenser is limited by the re-
sistance. so that a longer period of time is 
required to complete the charging of the con-

1 

TIME 
butartt 
closotesettch, 

o 

bustajoi 
clomeptrite, 

TIME --m• 

Fig. 224 — 
The RU and 
LC circuits at 
the left, to-
gether with 
the curves of 
current ampli-
tude vs. time, 
show how the 
current in a 
circuit com-
bining resist-
ance with in-
ductance or 
capacitytakes 
a finite period 
of time to 
reachasteady-
state value. 

denser than would be the case without the 
resistor. Likewise, when the condenser is dis-
charged through a resistor a measurable period 
of time is taken for the current flow to reach a 
negligible value. In the case of either charge or 
discharge the time required is proportional to 
the capacity and resistance, the product of 
which is called the time constant of the circuit. 
If C is in farads and 1? in ohms, or C in micro-
farads and R in megohms, the product gives 
the time in seconds required for the voltage 
across a discharging condenser to drop to 1/e, 
or approximately 37 per cent of its original 
value. (The constant e is the base of the natural 
series of logarithms.) 

Calibrated 
Scale 

Reinter 

Rotatable 
Cod 

Sea rca 
of em.f 

Source Weis/ Fig. 225 — Left — The d'Arsonvai or moving-coil meter 

for d.c. current measurement. Current flowing through 
the rotatable coil in the field of the permanent magnet 
causes a force to act on the coil, tending to turn it. The 
turning tendency is counteracted by springs (not shown) 
so that the amount of movement is proportional to the 
value of the current in the mil. Right — In the simpler 
moving-iron-vane type. a light-weight soft-iron plunger 
is attracted by current flowing in a fixed coil. As the 
plunger moves the pditter to which it is linked also 
moves, until the magnetic force in the coil is balanced 
by the spiral spring restraining the plunger movement. 

In a circuit containing inductance and re-
sist afire in series, the effect of the resistance is 
to shorten the period required for the current to 
reach its final value (§ 2-5) after an e.m.f. is 
applied to the circuit. The time constant of 
such a circuit is equal to LIE, where L is in 
henrys and R in ohms. It gives the time in sec-
onds required for the current to reach 1-1/e, or 
approximately 63 per cent of its final steady 
value when a constant voltage is applied. 
By proper application to associated circuits 

and devices such as vacuum tubes, it is possible 
by suitable selection of time constant to create 
almost any desired wave or pulse shape. This 
is of practical importance in many circuit ap-
plications in amateur transmission and recep-
tion, as in electronic keyers, automatic volume 
control, resistance-capacity filters and remote 
control. Apart from these applications, many 
of the techniques employed in television and 
specialized electronic devices are based on this 
principle. 
Measuring instruments — Instruments for 

measuring d.c. current and voltage make use 
of the force acting on a coil carrying current in 
a magnetic field (§ 2-5), produced by a per-
manent magnet, to move a pointer along a 
calibrated scale. The magnetic field may be 
produced by a permanent magnet acting upon 
a moving coil, or by a fixed coil acting upon a 
moving iron vane or plunger. 
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The first type of instrument, based on what 
is known as the d'Arsonval moving-coil move-
ment, is shown at the left in Fig. 225. The mov-
ing-iron vane instrument shown at the right is 
less accurate and requires higher energizing 
current, making it relatively insensitive as com-
pared to the moving-coil type. Only the cheaper 
measuring instruments available to amateurs 
are based on this principle. 

E 

Multiplier 

Voltage Measurement 

Current Measurement 

Fig. 22n - - Circuit connections for measuring current 
and voltage. The shunt resistor is used for inerea-ing the 
value of the current t, hiehl the instrument can measure, 
by providing an alternate path through ts hich so lll e of 
the current can loo The series  Itiplier limits the 
current when the in,trument is used to measure soltage. 

In such inst ruments the current. required for 
full-scale deflection of the p()intcr varies frtim 
several in to a few microamperes, 
according to the sensitivity required. If the 
instrument is to reatl high currents. it is 
shunted (paralleled) by a low resistance 
through which most of the current 11 ) ws. leav-
ing only enough flowing through the instru-
ment to give a full-seale deflection et n•respond-
ing to the total current flowing through both 
meter and shunt. An instrument. Which l't•ZIlIS 

microamperes is called a tnieraani meter or 
galranometer; one calibrated in milliamperes is 
called a milliammeter; one calibrated in am-
peres is au am icier. A voltmeter 15si mply a mil-
liammeter with a high resisfiince in series so 
that the current will be limited to a suitable 
value when the instrument is conneeted across 
a voltage source; it is calibrated in terms of 
the voltage which must appear avross the 
terminals to cause a given value of current to 
flow. The series resistance is called a in ulti-
plier. A wattmeter is a combination voltmeter 
and ammeter in which the pointer deflection 
is proportional to the power in the circuit. 
An ammeter or milliammeter is connected 

in series with the circuit in which current is 
being measured, so that the current flows 
through the instrument. A voltmeter is con-
nected in parallel with the circuit. 

E. 2-7 Alternating Current 

Description — An alternating current is one 
which periodically reverses its direction of 
flow. In addition to this alternate change in 
direction, usually the amount or amplitude of 
the current also varies continually during the 
period when the current is flowing in one di-
rection. These variations are aecompanied by 
corresponding variations in the magnetic field 
set up by the current, and it is this feature 
which makes the alternating current so useful. 
By means of the varying field, energy may be 

continually transferred (by induction) from 
one circuit to another without direct connec-
tion, and the voltage may be changed in the 
process. Neither of these is possible with direct 
current because, except for brief periods when 
the circuit is closed or opened, the field ac-
companying a steady direct current is un-
changing, and hence there is no way of inducing 
an e.m.f. except by moving a conductor 
through the field (§ 2-5). 

Alternating currents may be generated in 
several ways. Rotating electrical machines (a.c. 
generators or alternators) are used for develop-
ing large amounts of power when the rate of 
reversal is relatively slow. However, such ma-
chines are not suitable for producing currents 
which reverse direction thousands or millions 
of times each second. The thermionic vacuum 
tube is used for this purpose, as described in 
Chapter Three. 
The simplest form of alternating current (or 

voltage) is shown graphically in Fig. 227. This 
chart shows that the current starts at zero 
value, builds up to a maximum in one direc-
tion, comes back down to zero, builds up to a 
maximuin in the opposite di teeth in and comes 
hack to zero. The curve follows the sine law 
and is known as a sine ware, because of the 
wavelike nature of the curve which results 
when sine values are ph d tau on rectangular 
c.iordi mites as a function of angle or time. 
Frequency — The eomplete wave shown in 

Fig. 227 is called a eyrie, and the length of time 
requireo I to complete one cycle is calhal the 
period. Each half of the eyrie, during which the 
current is flowing in one It reel ion, although its 
st rength is varying. is known as an alteration. 
The number of eyries the wave goes through 
each second of time is called the frequency. 
In r;olio work, where frequenries are extremely 
large, il is convenient to use two other units, 
kilocycles per second ( cycles per se('ond ÷ 1000) 
and megacycles per second (cycles per second 
÷ 1,000,000). These are usually abbreviated 
he. and Mc., respectively. Occasionally these 
abbreviations are writ t en kes. and Mes. to Indi-
ra le '' kil ' cycles per second" and " megacycles 
per seta nid" rather than simply ' kilocycles' 
and " inegacycles," but it is understood that 
"per seeond is meant when the shorter forms 
are used. 
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Fig. 227 — Sine wave of alternating current or voltage. 
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Elect rical degrees — If we take a fixed point 

on the periphery of a revolving wheel, we find 
that at the end of each revolution, or cycle, the 
point has come back to its original starting 
place. Its position at any instant can be ex-
pressed in terms of the angle between two lines, 
one drawn from the center of the wheel to the 
point at the instant of time considered, the 
other drawn from the wheel center to the start-
ing point. In making one complete revolution 
the point has travelled through 360 degrees, a 
half revolution 180 degree, a quarter revolu-
tion 90' degrees, and so on. The periodic wave 
of alternating current may be treated simi-
larly, one complete cycle equalling one revo-
lution or 360 degrees, one alternation (half 
cycle) 180 degrees, and so on. %Vial the cycle 
divided up in this way, the sine curve simply 
means that the value of current at any instant 
is proportional to the sine of the angle which 
corresponds to the particular fraction of the 
cycle considered. 
The concept of angle is universally used in 

alternating currents. Generally, it is expres-ed 
in the fundamental form, using the radian 
rather than the degree as a unit, whence a 
cycle is equal to 2r radians, or a half cycle to 
r radians. The expression 2rf. for which t he 
symbol co is often used, simply means elect rival 
degrees per cycle times frequency, and is 
called the anyular velocity. It gives the total 
number of electrical raelians pas,:ed through by 
a current of given fregiteney in ( Inc second. 

Peak, instate taneous. effective and average 
values — The highest value of current or volt-
age during the time when the current is flowing 
in one direction is called the maximum or peak 
value. For the sine wave, the pea k has the same 
absolute value on b(tth the positive and nega-
tive halves of the cycle. This is not necessarily 
true of waves having shapes other than the 
true sine form.. 
The value of current or voltage existing at 

any particular point of time in the cycle is 
called the instantaneous vail oc. The inst.:tilt for 
which a particular value is to be found can be 
specified in terms of time (fraction of the pe-
riod) or of angle. 

Since both the voltage and current are 
swinging continuously between their positive 
maximum and negative maximum values, it 
might be wondered how one can speak of so 
many amperes of alternating current when the 
value is changing continuously. The problem is 
simplified in practical work by considering that 
an alternating current has an effective value 
of one ampere when it produces heat, in flowing 
through a given resistance, at the same average 
rate as one ampere of continuous direct current 
flowing through the saine resistance. This 
effective value is the square root of the mean 
of all of the instantaneous current values 
squared. In the case of the sine-wave form, 

Eeff = yiEL. 

For this reason, the effective value of an alter-

nating current or voltage is also known as the 
root- mean-square, or r.m.s., value. Hence, the 
effective value is the square root of or 0.707, 
times the maximum value. 

In a purely a.c. circuit the average current 
over a whole cycle must be zero, because if the 
average current on, say, the positive half of the 
cycle were greater than the average on the 
negative half, there would be a net current flow 
in the positive direction. This would correspond 
to a direct (although intermittent) current, 
and hence must be excluded because a purely 
alternating current was assumed. The " aver-
age" value of ait alternating current is defined 
as the average current during the part of the 
cycle when the current is flowing in one direc-
tion only. It is of particular importance when 
alternating current is changed to direct current 
by the methods considered in later chapters. 
For a sine wave, the average value is equal to 
0.636 of the peak value. 

In the sine wave the three voltage values, 
peak, effective and average, arerelated to each 
other as follows: 

enn,= Eeff X 1.414 = X 1.57 
E eff = & lax X 0.707 = ZIVC X 1.11 
Enve En,. X 0.636 = E.a X 0.9 

The relationships for current are equivalent 
to those given above for voltage. 
Phase — As I he next few paragraphs will 

show, the current and voltage in an alternat-
ing-current cirettit may not pass through their 
maximum and minimum values at the same 
tinte, even though bot it are sine waves of the 
same frequency. The time at which a particu-
lar part of the cycle (such as the pumitive peak) 
occurs is called the phuse of Ile wave. If two 
waves are not exactly in step there is a phase 
difference between them. 'I'! ut phase difference 
can be expressed in terms of the aetual differ-
ence in time bet ween t he two instants at which 
the two waves reach corresponding parts of 
tlwir cycles, but it is generally more convenient 
to measure it in angUlar units. A phase differ-
ence of 90 degrees, for example, means that one 
wave reaches its maximum value one-quarter 
cycle before the ot her wave reaches its maxi-
mum value in t he same direction. 
The pitase relationhips between two cur-

rents (or two voltages) of the same frequency 
are defined in the same way. When two such 
currents are combined the resultant is a single 
current of the same frequency, but having an 
il -t lit aneous auatijIti in le equal tut t he algebraic 
sum t f the amplit udes of the two components 
at t he same instant. The amplitude of the re-
sultant current henee is determined by the 
phase relationship bet ween the two currents 
before combination. Thus if the two currents 
are exactly in phase, the maximtun value of 
the resultant will be the munerical sum of the 
maximum values of the individual currents; if 
they are 180 degrees out of phase, one reaches 
its positive maximum at the instant the other 
reaches its negative maximum, hence the re-
sultant current is the difference between the 
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two. In the latter case, if the two currents have 
the same amplitude the resultant current is 
zero. 
Current, voltage and power in an in-

ductance— When alternating current flows 
through an inductance, the continually vary-
ing magnetic field causes the continuous gen-
eration of an e.m.f. of self-induction (§ 2-5). 
The induced voltage at any instant is propor-
tional to the rate at which the current is 
changing at that instant. If the current is a 
sine wave, it can be shown that the rate of 
change is greatest when the current is passing 
through zero and least when the current is 
maximum. For this reason, the induced voltage 
is maximum when the current is zero and zero 
when ttie current is maximum. The direction or 
polarity of the induced voltage is such as to 
tend to sustain the current flow when the cur-
rent is decreasing and to prevent it from flow-
ing when the current is increasing (§ 2-5). As 
a result, the induced voltage in an inductance 
lags 90 degrees behind the current. 

By Lenz's Law, the 
induced voltage must 
always oppose the ap-
plied voltage; that is, 
the induced and ap-
plied voltages must be 
in phase opposition, or 
180 degrees out of 
phase. Consequently, 
the applied voltage 
leads the current by 90 
degrees. Or, using the 
voltage as a reference, 
the current in an in-
ductance lags 90 de-
grees, or one-quarter 
cycle, behind the volt-
age. These relation-
ships are shown in Fig. 
228. 
When the current is 

increasing in either direction, energy is being 
stored in the magnetic field. At such times the 
voltage has the same polarity as the current, so 
that the product of the two, which gives the 
instantaneous power fed to the inductance, is 
positive. When the current is decreasing energy 
is being restored to the circuit and the applied 
voltage has the opposite polarity, so that the 
product of current and voltage is negative. This 
is also shown in Fig. 228. Positive power means 
power taken from the source (i.e., the source of 
the applied e.m.f.), while negative power means 
power returned to the source. Power is alter-
nately taken and given back in each quarter 
cycle, and, since the amount given back is the 
same as that taken, the average power in an 
inductance is zero when considering a whole 
cycle. In a practical inductance the wire 
will have some resistance, so that some of the 
power supplied will be consumed in heating 
the wire, but if the resistance of the circuit is 
small compared to the inductance the power 

Fig. 228 — Voltage, cur-
rent and power relations 
in an alternating-current 
circuit consisting of in-
ductance only. 

consumption is very small compared to the 
power which is alternately stored and returned. 

Current, voltage and power in a con-
denser — When an alternating voltage is ap-
piled to a condenser, the condenser acquires a 
charge while the voltage is rising and loses its 
charge while the voltage is decreasing. The 
quantity of electricity stored in the condenser 
at any instant is proportional to the voltage 
across its terminals at that instant (Q .= CE). 
Since current is the rate of transfer of quantity 
of electricity, the current flowing into the con-
denser (when it is being charged) or out of it 
(when it is discharging) consequently will be 
proportional to the rate of change of the ap-
plied voltage. If the voltage is a sine wave, its 
rate of change will be greatest when passing 
through zero and least when the voltage is 
maximum. As a result, the current flowing into 
or out of the condenser is greatest when the 
voltage is passing through zero and least when 
the voltage reaches its peak value. 

This relationship is shown in Fig. 229. When-
ever the voltage is rising (in either direction) 
the current flow is in the same direction as the 
applied voltage. When the voltage is decreas-
ing and the condenser is discharging, the cur-
rent flows in the opposite direction. The energy 
stored in the condenser on the charging part of 
the cycle is restored to the circuit on the dis-
charge part, and the total energy consumed in 
a whole cycle therefore is zero. A condenser 
operating on a.c. takes no average power from 
the source, except for such act tial energy losses 
as may occur as the result of heating of the 
dielectric (§ 2-3). The energy loss in air con-
densers used in radio circuits is negligibly small 
except at extremely high frequencies. 
As shown by Fig. 229, the phase relation-

ship between current flow and applied voltage 
is such that the current leads the voltage by 90 
degrees. This is just the opposite to the in-
ductance case. 

EF1 
LT 

Fig. 229 — Voltage, current 
and power relations in an 
a I terna tin g-current circuit 
consisting of capacity only. 

Current, voltage and power in resistance 
— In a circuit containing resistance only there 
are no energy storage effects, and consequently 
the current and voltage are in phase. The cur-
rent therefore always flows in the same direc-
tion as the applied voltage, and, since the power 
is always positive, there is continual power 
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dissipation in the resistance. The relationships 
are shown in Fig. 230. 

Strictly speaking, no circuit can have resist-
ance only, because the flow of current always 
is accompanied by the creation of a mag-
netic field and every conductor also has a cer-
tain amount of capacity. Whether or not such 
residual inductance and capacity are large 
enough to require consideration is determined 
by the frequency at which the circuit is to 
operate. 
The a.c. spectrum— Alternating currents 

of different frequencies have different proper-
ties and are useful in a variety of ways. For the 
transmission of power to light homes, run mo-

tors and perform familiar 
e‘acryday tasks by elec-
t rival means, low fre-
quencies are most suit-
able. Frequencies of 25, 
50 ami 60 cycles are in 
common use, the latter 
being most widely used 
in this (country. The 
range of frequeneies be-
tween about 15 and 
15,000 cycles is known as 

cc 
the audio-frequency range, 
because when freqiuni-
cies of this order are con-
verted from a .c. into air 
vibrations, as by a loud-
speaker or telephone re-
eel ver, they ant distin-
guishable as sounds hav-
ing a tone vita propor-
tional to the frequee-y. 

Frequencies above 15.000 eyeles ( 1 5 1; 
cycles) are used for radio eonuttuniea t ion, be-
cause al frequencies of this order it is possible 
to convert elect rival energy iello radio waves 
which call Ice radiated over haig distances. 

For convenience in reference, the following 
classificathms for radio fret ueneies have been 
recommended by an international technical 
conference and are HOW increasingly in use: 

Fig. 2.37)— Voltage, 
current and blower re-
lations in an alternat-
ing-eurrrnt eirtoo; 
consisting of resist- • 
anee ouuI 

10 to 30 kilocyeles 
30 to 300 kilocycles 
300 to 3000 kilocyeles 
3 to 30 megacycles 
30 to 300 megacycles 
300 to 3000 megacycles • 
3000 to.30.000 megacycles 

Very-low frequencies 
Low frectitencies 
Me.1 frequeneics 
High frequeneies 
N'ery-liigh frequencies 
Ultrahigh frequete•h, 
Superiigh frequencies 

Until recently, other terminology was used; 
for example, the region above 30 megacycles 
formerly was considered the " ultrahigh" fre-
quencies. 
Waveform, harm  — The sine wave is 

not only the simplest hut for many purposes is 
the most desirable waveform. Many oilier 
waveforms are met in practice, however, and 
they may difîer considerably from the simple 
sine case. It is possible to show by analysis 
that any such waveform can be resolved into a 
number of components of differing frequencies 
and amplitudes, but related in frequency in 
such a way that all are integer multiples of 

the lowest frequency present. The lowest fre-
quency is called the fundamental, and the 
multiple frequencies are called harmonics. Thus 
a wave may consist of fundamental, 3rd, 5th, 
and 7th harmonics, meaning, if the funda-
mental frequency is say 100 cycles, that fre-
quencies of 300, 500 and 700 cycles also are 
present in the wave. 

Fig. 231 shows how a fundamental and a 
second harmonie might combine to form a non-
sinusoidal wave. An infinite number of wave-
forms could be obtained from the combination 
of two such waves, since the shape of the com-
bined wave will depend upon the amplitude 
and phase of the two component waves. 
The square wave, also shown in Fig. 231, 

(consists of a fundamental and an infinite num-
ber of harmonics. This type of wave is useful in 
a variety of applications. 

41 2-8 Ohm's Law for Alternating 
Currents 

Resi,/ance— Since current and voltage are 
always in phase through a resistance, the in-
stantaneous relations for a.c. are equivalent to 
tlebse iii ( Lc. circuits. By definition, the effec-
tive units of current and voltage for :Le. are 
made equal to those for d.c. Ill resistive cir-
cuits 2-7). Therefore the various formulas 
expressing Ohm's Law for d.e. circuits apply 
Witillint any change to a. t'. eireuits containing 
resistance only, or for purely resistive parts of 
complex a.e. circuits. See § 2-6. 

In applying the formulas, it must be remem-
bered that consistent units must be used. For 
example, if the instantaneous value of current 
is used in finding voltage or power, the voltage 
found will be the instantaneous voltage and the 
power will be the instantaneous power. Like-
wise, if the effective value is used for on- ctuan-
tity in the formula, the unknown will Ice ex-
pressell in effet'-
live value. Un-
less otherwise 
indivated, I he 
effective value 
of (linen t or 
voltage is al-
ways understood 
to be meant 
wlieti reference 
is made to " cur-
rent" or " volt,-
age." 
Reactance — 

In the preced-
ing section it 
was shown that 
energy-storage 
effects in induct-
ance and capac-
itance muse a 
phase difference 
to exist between 
the applied volt-
age and the cur-

2nD WWWWwc 
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MARE WAVE 

Fig. 231 — Cond ignition of a 
fundamental ainl seeond har-
monic with tit. amplitude and 
pitase relationships shown gives 
the non-sinusoidal resultant. The 
square wave, below, contains an 
infinite  ber of Isurnionics. 
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rent that flows as a result. Because of this, 
Ohm's Law cannot be applied in its entirety to 
a.c. circuits containing inductance and/or 
capacitan,.e. particularly for the calculation of 
power consume/l. However, the amplitude of 
the current t hat. flikws in such circuits is directly 
proportional lot he voltage ;1 pplied, just as it is 
in purely resistive circuits. In other words, both 
inductance and capaeity offer opplksition to 
current flow, and titis opposition can be meas-
ured in ohms just as it is in the case of resist-
ance. But the olgaksition is called reacia are to 
indicate that it does not consume power and 
thereby distinguish it from resistance. 
Ohm's Law formulas extended to include re-

actance are quite similar to the formulas for 
resistive circuits: 

E  I = X— E = XI X=— 
1E 

where X is the symbol for reaetanee. 
Reactance differs from resistan ka. in another 

respect - its value, for a given amount of in-
ductanee or capacity, varies wit h the fre-
queney of the current. flowing, whereas resist-
ance is not inIterently affected by frequeney. 
However, the reactance I if a given ' Tablet anee 
or capaeity is constant for all values of applied 
voltage so long as the frequency is (qmstant. 

Inductive reactance — When alternating 
current flows through ¡( Ti inductance it must 
take just t he right value to make the induced 
voltage equal the applied voltage ( I;, 2-7). 
Since the indured ‘'oliage is equal to the in-
ductance multiplied by the rate of ehange cf 
the current, it. Is evident that the larger he 
value of inductance eonsidered, t he sntaller t he 
rale if current ehange required lo induee a 
given voltage. If the frequency is fixed, the 
rate at t he alternating current changes 
is simply proportional to t he amplitude of t he 
eurrent. I lence a small current will suffice if t he 
imbalance is large. while a large current will 
be required if the induetance is small, assuming 
that I he applied voltage is the same in both 
cases. In other words, the reactance of ¡( Ti in-
ductance is direetly pr000rt ion:t1 to the value 
of the inductanee, at a fixed frequency. 

However, the rate of ( Image of current is 
propon t halal to frequency as well as to ampli-
tude, bevause t he greater I he number of cycles 
per seeorel t he more rapidly the current, goes 
through its regular variations. Cumsequently, 
increasing the frequeney vill have t he same ef-
fect as inereasing the amplitude of t he current 
insofar as the indtteed voltage is concerned; or, 
to put it another way, if the frequency is in-
creased the :unpin tale may be decreased in t he 
same proportiun to maintain the same induced 
voltage in a given inductance. Smaller current 
output ode though a fixed valut' of induct aloe 
means that he reactance is higher, so it is ap-
parent that the rem•tanee of an inductance in-
creases with inereasing frequency. 
Thus 1 'tree factors, inductance, eurrent am-

plitude, and frequency angular velocity) de-

termine the induced voltage. Combining them, 
we have, for sine-wave current, 

E 
E = 2rfL1, or 7 = 2rfL 

Since X = E/I, then 

XL 2wIL 

where the subscript L indicates that the re-
actance is inductive. 
The fundamental units (ohms, cycles, 

henrys) must be used in the al ave equation, 
or appropriate factors inserted if other units 
are elnployed. If induetance is in millihenrys, 
the frequency should be stated in kiloeyeles: if 
inductance is in mierohenrys. the frequency 
should be given in megaeyeles, to bring the 
answer in ohms. 

Catikaritire read-lance— The quantity of 
electricity stored in a condenser depends upon 
the ea paci t y and the app lied voltage Q cEt, 
and if Ikkssl.s are negligilkle the same quantity of 
eleetrieity is taken out of t he eondenser on dis-
charge. Current must flow into the condenser 
to cluirge it, : tall must flow out of it to dis-
charge it; the value of the eurrent is t he ra te at 
which t he ( maul ity of elect y is put into the 
condenser or taken out t 2-1 When ¡( Ti a.c, 
voltage is applied to it condenser the alternate 
movement of a quamt ity of ch it rieity to charge 
and discharge it as like applied voltage rises 
and falls and reverses pola!at y, tams; it ut es cur-
rent flow t ' trough lie condenser. 

The :multi ode of the current. at any instant 
is proportional to the rate of change of the 
voltage at that instant : the greater the rate of 
change the faster t he given quantity tut* oler-
trinit y is moved. The amplit uric' is also propor-
tional to the capacitanee if the emelenser, 
since a larger capaeitance will take a larger 
quail ity oi eleetrieity at a given voltage. Since 
tile rate of change of voltage is propOlti011al LO 
the amplittnle t cf t he village and its frequency, 
then for a sine-wave voltage 

1 
= 271fr E, or —E = 

I 2wle 
Since X = I, then 

1 
Xc 

2rfe 

where the sul,seript e indicates that the reac-
tanee is capaeitive. Capacitive reactance is 
inversely priipeirtional to capacity and to the 
applied frequency. I'\ Ir a giVell value of capac-
ity, the reactance decreases as the frequency 
increases. 

Fundamental units (farads, cycles per sec-
ond k must be used in the right-hand side of the 
equation tik obtain the reactance in ohms. Con-
version fartors must be used if the frequency 
and capacity are in units other titan cycles 
and farads. If C is in mierofarads and f in 
inegarycles, the conversion fart ors caned. 
Impedance- 1n any series circuit the same 

current flows through all parts of the circuit. 
If a resistance and inductattee are connected 
in series to form an a.c. circuit they both earry 
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the same current, but the voltage across the 
resistance is in phase with the current while 
the voltage across the inductance leads the 
current by 90 degrees. In a d.c. circuit with 
resistances in series, the applied voltage is 
equal to the stun of the voltages across the in-
dividital resistances (§ 2-6). This is also true of 
the a.e. circuit with resistance and inductance 
in series if the instantaneous voltages are added 
algebraically to find the instantaneous value 
of applied voltage. But, because of the phase 
difference between t he two voltages, the maxi-
mum value of the applied voltage will not be 
the sum of the maximum values of the two 
volt as, so that t he effective values cannot be 
added directly. The same considerations hold 
in t he case of resistance and capacity in series. 

In either case t he total voltage is given by 
the following expressions: 

E.' = E21 E2R, or E = VÉR E21 

where Ex indicates the voltage across the re-
am:imp, which may be eit her incluelive or 
capacitive, and Ell is the voltage across the 
resist :mee. 

Since ER = and Ex = 1X, substitution 
gives 

E = v'7 -l- or E = x2 
v le 

E/I is called t lie impedance of the circuit and is 
designAted by the letter Z. Ileucc, 

= \///2 X2 

The impedanre ( let ermines the voltage which 
must Ice applied to t he circuit to cause a given 
eurreid to flow. The unit of impedance is, 
therefere, the ohm, just as in the case of re-
sistance and react mire, whirl' also determine 
the rat in of voltage to citrrent. Ohm's Law for 
alternating current cireuits then beet tines 

E 
I = • =Z —E • E = IZ 

Z' I 

It sleuth' be united that the equivalent Ohm's 
Law relationship for power in a d.c. circuit 
does trot apply directly in the case of an a.c. 
circuit where Z replaces R. As will be ex-
plained, the power factor of the circuit must be 
taken into consideration. 

In summary. impedance is a generalized 
quantity applying to a.c. or I.e. eirrilitS, sim-
ple or ,omplex ln a d.c. circuit or in an a.c. cir-
cuit containing resistance only, t he phase angle 
is zero (current and voltage are in phase) and 
the impedance is equal to the resistance. 

ln an :Lc. circuit containing reactance only 
the phase angle is 90 degrees, wit li current lag-
ging t tie voltage if the reactanve is inductive 
and current leading t he voltage if the reactance 
is capacitive. In either case, the impedance is 
equal to the reactance. 

In an a.c. circuit containing both resistance 
and reactanee the phase angle may have any 

value between zero and 90 degrees, with the 
current lagging the voltage if the reactance is 
inductive and leading the voltage if the re-
actance is capacitive. The value of impedance, 
in ohms, may be found from the equation given 
above. 
Power is consumed in a circuit only when the 

current flow produced by the applied voltage 
is less than 90 degrees out of phase with that 
voltage. Power consumption decreases from 
maximum with in-phase conditions to zero at 
a 90-degree phase difference. 

Series circuits with L, C and R— When 
inductance, capacity and resistance all are in 
series in an rec. circuit, the voltage relations 
are a combination of the separate cases just 
considered. The voltage across each element 
will be proportional to the resistance or react-
ance of that element, since t current is the 
same through all. The voltages across the in-
ductance and capacity are ISO degrees out of 
phase, since one leads the current by 90 de-
grees and the other lags the current by 90 de-
grees. This means that the two voltages tend 
to cancel; in fact, if the voltage across only the 
inductance and capacity in series is considered 
(leaving out the resistance), the total voltage 
is the difference between the two voltages. 
The total reactance in a series circuit is, 

therefore, the difference between the individ-
ual inductive and capacitive re:1ounces; or 

X = XL — Xc 

If more than inip indurta rice element is pres-
ent in the cireuit, t total induetive reactance 
is the sum of the individual reactances; simi-
larly, the same is true for capacitive react-
ances. Inductive reactance is conventionally 
taken as " positive" (-I-) in sign and capaci-
tive reactance as " negative" (—). With this 
convention, algel,raic addition of all the re-
actances in a series circuit gives the total re-
actance of the circuit. 

Parallel circuits with L, C and R— The 
equivalent resistance of a number of resistances 
in pa ra Ilel in an a.c, circuit is fOlnld by the same 
rides as in the case of d.c. circuits (§ 2-6). 
Parallel reactanees of the same kind have an 
equivalent reactance given by a similar rule: 

X =  1 1 1 

X1 X2 X3 

Titis formula applies to react anees of the same 
sign; it cannot be used if both inductive and 
capacitive reactance are in parallel. 
When both resistance and remq alive are in 

parallel the same voltage is applied to both, 
but the current in the resistance branch will 
not be in phase with the current in the reactive 
branch. The phase difference will be 90 degrees 
if each branch contains only resistance or only 
reactance, so that the total current may be 
found by a rule similar to that used for finding 
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the total voltage in a series circuit. That is, 

I = N/12 + Ix2 
The impedance of the circuit is equal to E/I, so 

E 
Z — 

V/2 + /x2 

By assuming some convenient value for the ap-
plied voltage and then solving for the currents 
in the resistance and reactance, the values so 
found may be substituted in this equation to 
find the impedance of the circuit. 
The formulas above may be used for eit her 

inductive or capacitive reactance. When indue-
tive reactance and capacitive reactance are in 
parallel. I lie current through the induct alive is 
180 degrees out of phase with the current 
through the condenser, hence the total rurrent 
is the difference between the two currents. This 
difference ,nay be substituted for Ix in the 
above equa ions. 

It is of interest to note that, since the total 
current flowing in a eircuit containing indue-
tive and cri 11:01 i ve reactance in parallel is the 
difference bet ween the currents in the two 
branches, the impedative of such a parallel 
combination always is larger than the re-
actance of either branch alone. Any resistance 
which al,:o may be in parallel is unaffected, 
since the current taken by ! lie resistance is de-
termined solely by the applied voltage. 
With series- parallel circuits the solution be-

comes considerably more complicated. 
the phase relationships in any parallel bran,h 
may not be either 90 degrees or zero. However. 
the majority of parallel circuits used in radio 
work can be solved by the rather simple ap-
proximate methods described in § 2-10. 
Power .fuctur — The power dissipated in 

an a.c. circuit containing both resistance and 
reactance is consumed entirely in the resist-
ance, heme is equal to /2/t. However, the 
reactance is also effective in determining the 
current or volt age in the circuit, even though 
it consuna•s no energy. Ileum the product of 
volts ti tines amperes (which gives the power 
consumed in d.e. cir('uits) for the whole cirenit 
may be several times 1 he net Inil power used up. 
The ratio of power dissipated (watts) to the 
rolt-ampere product is called the power factor 
of the circuit, or 

Power factor — 
Watts 

Volt-amperes 

Distributed capacity and indue t ii nee — 
It should not be thought that the rea,•tance 
of coils becomes infinitely high as the fre-
quency is increased to a high value and, like-
wise, that t he reactance of condensers becomes 
infinitely low at high frequencies. All coils have 
some capacity between turns, and the react-
ance uf tliis capacity ran become low enouelt 
at some high frequencies to tend to cancel t he 
high reactance of the coil. Likewise, the leads 
and plates of condensers will have considerable 
inductance at very high frequencies, which will 

tend to offset the capacitive reactance of the 
condenser itself. For these reasons, coils con-
structed for high-frequency use must be de-
signed to have low " distributed" capacity. 
Similarly, condensers must be made with 
short., heavy leads so that they will have low 
self-inductance. 

Units and instruments— The units used 
in a.c. circuits may be divided or multiplied to 
give convenient numerical values to different 
orders of magnitude, just as in d.c. circuits 
(§ 2-6). Because the rapidly reversing current 
is accompanied by similar reversals in the mag-
netic field, instruments ti,yd for measurement 
of d.c. (§ 2-6) will not opel.mito on a.c. 
At low frequencies ›, uita;iii. instruments can 

be constructed by making the current produce 
both magnetic fields, one by means of a fixed 
coil and the other by the nnoving coil. Instru-
ments having movements of this kind are 
variously known as dynomotocter, electrodyna-
momut, r a ell electrodyna tylws. 

Another type of instrument suitable for 
measuring all ernating current is less expensive 
in e(onstritet ion and t herefore more widely used. 
This is the repulsion-Op- moving-iron a.c. 
ammeter shown in Fig. 232. Fundamentally, 
the movement is based on the sa toe principle 
as tlw inexpensive moving-iron- vane meter for 
d.c. shown in 225. In the repulsion- type 
instrunwnt curre:d flowing through the sta-
tionary coil magnetizes two iron vanes, one 

Calibnoted 
Scaie 

Po4ote, • .,;taft 

,ste, Fixed. > 

Vame 

Fig. 232— Ammeter 
ha,cd on a repiul*i'ion-
Is moving- iron 
¡u ¡' r,' t used for 
a.c. measurements. 

fixed and the other atta,•hi,d to the movable 
pointer stoat. Inasmuch : Is the two vanes are 
in the same plane and magnetised by the same 
sanirce, the magnetic effeet upon them by the 
current through the coil will be identical re-
gardless of its polarity. When the two vanes are 
magnet they repel each ot her (§ 2-2) and 
the » iv:tile vane moves away froto the fixed 
vane. causing the pointer to travel along the 
scale. The degree of t ra vil is controlled by a 
spring whieh brings the pointer to rest at a 
point where the eluctrical and mechanical 
forces balance, and rut urns the pointer to zero 
on tine scale when current flow ceases. 

Such instruments are used for measurement 
of either current, or voltage. However, when 
eni¡ployed for voltage measurement by the use 
of high-resistanre series multipliers, the mini-
mum current drain required by such instru-
ments because of their inherent insensitivity 
is so great that excessive load is placed upon 
the measurement source. For this reason, in 
radio work it is more common practice to con-
vert the a.c. voltage to d.c. by means of a 
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copper-oxide or vacuum-tube rectifier and then 
measure the resulting indication on a d.c. in-
strument, as described in § 2-6. 
At radio frequencies instruments of the type 

described above are inaccurate because of dis-
tributed capacity and other effects, and the 
only reliable type of direct-reading instrument 
is the thermocouple ammeter or milliammeter. 
This is a power-operated device consisting of a 
resistance wire heated by thé flow of r.f. cur-
rent through it, to which is attached a thermo-
couple or pair of wires of dissimilar metals 
joined together and possessing the property of 
developing a small d.c. voltage between the 
terminals when heated. This voltage, which 
is proportional to the heat applied to the 
couple, is used to operate a d.c. instrument 
of ordinary design. 

2-9 The Transformer 

Principles — It has been shown in the pre-
ceding sections that, when an alternating volt-
age is applied to an induetance, the flow of 
alternating current through the roil causes an 
induced e.m.f. which is opposed to the applied 
e.m.f. The induced e.m.f. results from the vary-
ing magnetic field accompanying the flow of al-
ternating current. If a second coil is brought 
into the same field, a similar e.m.f. likewise 
will be induced in this coil. This induced 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 eonstitutes a 
transformer. The coil connected to the soil ne of 
energy is called the primary coil. arid t he other 
is called the secondary coil. Energy May be 
taken from the secondary, being transferred 
from the primary through the medium of the 
varying magnetic field. 
Types of transformers — The usefulness 

of the transformer lies in the fact that 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 re-
quires, for example, 120 volts and only a 440-
volt source is available, a transformer can be 
used to change the source voltage to that re-
quired. The transformer. of toe rse, can be used 
only on a.e., since no voltage will be induced in 
the secondary if the magnetie field is not 
changing. If d.c. is applied to t lie primary of a 
transformer, a voltage will be iiidueed in the 
secondary 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. 233, the primary and 
secondary coils of a transformer may be 
wound on a core of magnetic material. This in-
creases 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 (mie having a continuous 
magnetic path) such as that shown in Fig. 233 

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, an effect which occurs because the 
iron tends to retain its magnetism, and hence 
requires the expenditure of energy to overcome 
this residual magnetism every time the alter-
nating current reverses in direction, and be-
cause of eddy currents, or currents induced in 
the core by the varying magnetic field. 

3 
3E 
SYM BOLS 

Fig. 233 — The transfi,rnier. Power is transferred from 
the primary coil to the by means of the mag-
netic field. The upper syniI.I at right indicates an iron-
core transformer, the lower one au air-core transformer. 

Core losses increase with frequency to such 
an extent that they become excessive at radio 
frequencies if a transformer is wound on the 
type of core used for power and audio frequen-
cies. Transformers for use at radio frequencies 
either are wound on non-magnetic material 
("air core") or on special cores made of pow-
dered iron partieles liehl in an insulating 
binder. In the latter ease the core is not used as 
a means of carrying the magnetic field from the 
primary to the secondary, but simply to give a 
larger inductance with a fixed number of turns. 
In no ho-frequency transformers relatively 
little of the magnetic flux set up by the 
primary cuts the turns of the secondary. The 
discussion in this section is confined to low-
frequency iron-core transformers, where prac-
tically all of the primary flux cuts the sec-
ondary. Radio-frequency transformers are 
considered in § 2-10. 

Voltage and tarns ratio— For a given vary-
ing magnetic field, the voltage induced in a 
coii in the field will be proportional to the 
number of turns on the coil. If the two coils 
of a tram:former are in the same field, it fol-
lows that the induced voltages will be pro-
portional 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 
practically equal to, and opposes, the applied 
voltage. Hence, for all practical purposes, 

= Ep 
np 

where E, is the secondary voltage, Ep is the 
primary voltage, and n, and np are the number 
of turns on the secondary and primary, respec-
tively. The ratio n,/n5 is called the turns ratio 
of the transformer. 
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This relationship is true only when all the 
flux set up by the primary current cuts all the 
turns of the secondary. If some of the mag-
netic flux follows a path which does not make it 
cut the secondary turns then the secondary 
voltage is less than given by this formula, since 
this reduces the number of lines of force (and 
thus reduces the effective strength of the mag-
netic field affecting the secondary) by causing 
the rate of change of flux to be less in the sec-
ondary than in the primary. In general, the 
equation can be used only when both coils are 
wound on a closed core of high permeability, so 
that practically all of the flux can be confined 
to definite paths. 

Effect of secondary current — The primary 
current which has been discussed above is usu-
ally called the magnetizing current of the trans-
former. Like the current in any inductance, it 
lags the applied voltage by 90 degrees, neg-
lecting the small energy losses in the resistance 
of the primary coil and in the iron core. 
When current is drawn from the secondary 

winding, the secondary current sets up a mag-
netic field of its own in the cotte. The phase re-
lationship between this field and that caused 
by the magnetizing current will depend upon 
the phase relationship between current and 
voltage in the secondary circuit. In every case 
there will be an effeet upon the original field. 
To maintain the indliced prinutry voltage equal 
to the amtlied voltage, however, the original 
field must be maintained. Consequently, the 
primary current must clinlige in such a way 
that the effect of the field set up by the sec-
ondary current is completely canceled. This is 
accomplished when the primary draws addi-
tional current that sets up a field exactly 
equal to tile field set up by the secondary cur-
rent, but which opposes the secondary field. 
The addit tonal primary current is thus 180 de-
grees out of pitase with the serondary current. 

In rough calculations on transformers it is 
convenient to neglect the magnetizing current 
and to assume that the primary current. is 
caused entirely by the secondary lead. This is 
justifiable, because in any well-designed trans-
former the magnetizing current is quite small 
in comparison to the htad eurrent when the 
latter is near the rated value. 

For the fields set up by the primary and 
secondary load currents to be equal, the num-
ber of ampere turns in the primary must equal 
the number of ampere turns in the secondary. 
That is, 

Hence, 

The load current in the primary for a given 
load current in the secondary is proportional 
to the turns ratio, secondary to primary. This 
is the opposite of the voltage relationships. 

If the magnetizing current is neglected, the 
phase relationship between current and voltage 

in the primary circuit will be identical with that 
existing between the secondary current and 
voltage. This is because the applied voltage and 
induced voltage are 180 degrees out of phase, 
and the primary current and secondary current 
likewise are 180 degrees out of phase. 
Energy relat• ships; efficiency — A trans-

former cannot create energy; it can only trans-
fer 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. Since there is always some power loss in 
the resistance of the coils and in the iron core, 
the power taken from the source always will 
exceed that taken from the secondary. Thus, 

Po = n 

where Po is the power taken from the sec-
ondary, Pi is the power input to the primary, 
and n is a factor wide!' always is less than 1. 
It is called the efficiency of the transformer and 
is usually expressed as a percentage. The effi-
ciency of small power transformers such as are 
used in radio receivers and transmitters may 
vary between about 60 per cent and 90 per 
cent, depending upon the size and design. 
Leakage reactance— In a practical trans-

former not all of the magnetic flux is common 
to both windings, although in well-designed 
transformers the amount of flux which 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 which is not 
coupled to another coil: that is, it, gives rise to 
self-induction. Consequently, there is a small 
amount of lealcuye indnetancc associated with 
both windings of the transformer, but not 
cotnmon to them. Leakage induetance 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 induct-
ance and the frequency. 'rids reactance is called 
lea Am ge reacia net. 

In the primary the practical effect of leak-
age reactance is equivalent to a reduction in 
applied voltage, since the primary current 
flowing Hirt a t gh the leakage reactance causes 
a volt:ge drop. This voltage drop increases 
with inei.easing primary current, hence it in-
creases as more current is drawn from the sec-
ondary. The induced voltage consequently de-
creases, since the applied voltage (which the 
induced voltage must equal in the primary) 
has been effectively reduced. The secondary 
in voltage also decreases proportionately. 
When current flows in the secondary circuit 
the secondary leakage reactance causes an 
additional voltage drop, which results in a 
furtlier reduction in the voltage available from 
the secondary terminals. This, the greater the 
secondary current, the smaller the secondary 
terminal voltage becomes. The resistance of 
the primary and secondary windings of the 
transformer also causes voltage drops when 
current is flowing, and. although these voltage 
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drops are not in phase with those caused by 
leakage reactance, together they result in a 
lower secondary voltage under load than is in-
dicated by the turns ratio of the transformer. 

Fig. 231. — The equivalent .ircuit of a transformer in-
cludes the effects of leakage inductance and resistance of 
both primary ami secionlar u hidings. The resistance 
R. is an equivalent resistance representing the constant 
core losses. Since these are e ttttt parativelv small, their ef-
fect may be neglected in many approxinnttecaleulati llll s. 

At power frequencies (00 cycles) the voltage at 
the secondary, with a reason:duly well-designed 
transformer, shoult I not drop more than ;11)1)ut 
10 per cent under load. The drop in voltage 
may be consitlerably more than this in a t ns-
former operat ihg it audio frequencies, however, 
since the leakage reactance in a transformer 
increases directly with the frg•iliwney. 
Impedance ratio— In an ideal transformer 

having no losses or leakage reactance. the 
primary and secondary volt-amperes are equal; 
that is, 

E,, I = 

On this assumption, and by making use of the 
relationships between voltage, current and 
turns ratio previously given, it can be shown 
that 

Since Z = E/I, E./I, is the impedance of the 
load on the secondary circuit, and I,, is the 
impedance of 1.11e loaded t ransformer as viewed 
from the line. The equation states that the 
impedance presented by the primary of the 
transformer to the line, in. source of power, 
is equal to the sec/ unlary load impedance multi-
plied by the square if the primary-1 "-se...aid-
:try turns ratio. This primary impedance is 
called t he reyl, ch.! i p, th nee or r!! .1 /mid. 

The reflected impe(lanee will have the same 
phase angle as the secondary load impedance, 
as previously explained. If the secondary load 
is »resistive only, then t he input terminals of the 
transformer primary will appear to the source 
of e.m.f, as a pure resistance. 

In practice there is always some leakage re-
actance and power loss in the transformer, so 
that the relationship above does not hold ex-
actly. However, it gives results which are ade-
quate for many praetival cases. The impedance 
ratio of the transformer yonsequently is con-
sidered to be equal to the square of the turns 
ratio, both ratios being taken from the same 
winding to the other. 
Impedance matching— Many devices re-

quire a specific value of load resist anee (or 
impedance) for optimum operation. The re-

SHELL TYPE 

sistance of the actual load which is to dissipate 
the power may differ widely from this value, 
thence the transformer, with its impedance-
transforming properties. is frequently called 
upon to change t act ual load to the desired 
value. This is called impedance matching. From 
the preceding paragraph, 

n, = IZ, 

n„ 

where n„in,, is the required secondary-to-
pli mary turns ratio, Z, is the impedance of the 
actual I. and Z is the impeclance required 
for optimum operation of the device delivering 
the power. 

Trait...former coast nichon — Transformers 
are generally built so that flux leakage is mini-
mized insofar as p))ssible. The magnetic path 
is laid out so that it is :is short as possible, since 
titis reduces its reluctance and hence the num-
ber of ampere-turns required for a given flux 
density, and also tends to minimize flux leak-
age. Two core shapes are in common use, as 
shown in Fig. 235. In the shell type hoth wind-
ings are placed on the inner leg, while in the 
core type the primary and secomlary windings 
may hp played on separate legs, if desired. This 
is sometimes done when it is necessary to mini-
mize capacity rdfeets between die primary and 
serondary, or wIteit there is a large difference of 
potential bet ween primary and secondary. 
Core material for small transformers is 

usually steel. called " t rmusfortner iron." 
tatre is built up of thin sheets. called 

/aminal/../.,, insulated from each other ( by a 
thi n coating of shellay, for example) to prevent 
the flow of eddy currents which are induced in 
the iron at right angles to the direction of the 
field. If allowed to flow, tlmse eddy yurrents 
would cause considerable loss of energy in 
overcoming the resist situe of the core material. 
The separate laminations are overlapped. to 
make the magnetic path as eontinuous as 
possible and thus redure leakage. 
The number of turns required on the pri-

mary for a given applied e.ni.t. is determined 
by t he maximum permissible thr\ , iensity in the 

LAMINATION SHAPE 

CORE TYPE 

Fig. 235 — o t> per., of trata-fi inner construc-
t' . Core pie( es are in It rlea veil to pro% ide a ont'  
,tus magnetic path u id> as lou reluctance as possible. 
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Load 

type of core material used, the frequency, and 
the magnetomotive force required to force the 
flux through the iron. As a rough indication,* 
windings of small power transformers fre-
quently have about two turns per volt for a 
core of 1 square inch cross-section and a mag-
netic path 10 or 12 inches in length. A longer 
path or smaller cross section would require 
more turns per volt, and vice versa. 

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

In power transformers distributed capacity 
in the windings is of lit tie consequence, but in 
audio-frequency transformers it may cause un-
desired resonance effects (see § 2- lo for a dis-
cussion of resonance). nigh-grade audio trans-
formers often have special types of windings 
designed to minimize distributed capacity. 
The autotrata4ormer— The transformer 

principle can be utilized with only one winding 
instead of two, as shown in Fig. 23(1; the prinei-
ples just discussed apply equally well. The 
autotransfornier has the advantage that, since 

Fig. 236 — Tite auto-trans-
former k 1.a.e.1 on the trans-
former principle. but uses 
011I %, 111,1i 0 C. 'Ile line 
and load ell M•II (et in the 
emnetion i ind in c ( A ) flow in 
opp).ite dirt, t ions. so that 
the resultant .. orrent is the 
difference 1.0 ,,,en 11,1411.11e 
voltage across A is propor-
tional to the turns ratio. 

the line and load currents are out of phase, 
the section of the winding common to both 
circuits carries less current I Ilan the remainder 
of the coil. This advantage is not very marked 
unless the primary and secondary voltages do 
not differ very wt.:illy. w hilt., it is frecluently 
disadvantageous tit have a direct con nectif un 
between primary awl ,iffnitulary eirouits. For 
these reasons, application of the nut tut rans-
former is usually limited to redue_ 
ing the line voltage by a relatively small 
amount for purnii- ,, id voltage correct fin. 

2-10 Resonant Circuits 

Principle «4 res ttttt 'nee — It has been shown 
(§ 2-8) that the inductive reactance of a coil 
and the capacitive reactance of a condenser 
are oppositely affected by frequetwy. In any 
series eombination of induetanee and eapaei-
tance, therefore, there is tine particular fre-
quency for whielt the ' millet and capacitive 
reactances are equal. Since these two react-
ances cancel cavil other. the net reactance in 
the circuit becomes zero, leaving only the re-
sistance to impeile the flow of current. 'Ile 
frequency at, which this occurs is kniiwn as the 
resonant frequency of the circuit anti t he circuit 
is said to be in resonance at that frequency, or 
tuned to that frequency. 

Series circuits— The frequency at which a 
series circuit is resonant is that for which 
XL -= Xcf. Substituting the formulas for in-
ductive and capacitive reactance (§ 2-8) gives 

1 
2trfL 

27rfe 

Solving this equation for frequency gives 

1 
f — v-E(7, 

This equation is in the fundamental units — 
cycles per second, henrys and farads -- - and so, 
if fractional or multiple units are used, the ap-
propriate factors must be inserted to change 
them to the fundamental units. A formula in 
units commonly used in radio circuits is 

f — 1_ x lo6 
2,*‘/Le 

where f is the frequency in kilocycles per sec-
ond. 27r is rt.2S, L is the inductance in micro-
henrys (all.), and e is the capacitance in micro-
miertifarads (mad.). 
The resistance that, may be present does not 

enter into the formula for resonant frequeney. 
When a constant a.c, voltage of variable fre-

queney is applied. as shown in Fig. 237-A, 
the current flowing I hrough such a circuit will 
be inaNinitim at thy resonant frequency. The 
magnitude tif t current at resonance will be 
determined by the risist airee in the circuit. 'Che 
curves of Fig. 237 iii list rate this, curve a being 
for low resistance and eurves 11 and c being 
for increasingly greater resistances. 
I ta the circuits used at radio frequencies the 

reactance tuf either the coil or condenser at 
resole' slue is usually several tittles as large as 
thy resistaie.y tuf the circuit, although the net 
rearta Ht.(' is zerff. As t he applied frequency de-
parts (non resfina nee, say on the low-frequency 
side, the reactative of the vondenser increases 
and that. uf the inductanye decreases, so that 
the net mart:lime ( whirl' is the differener be-
tween the t wo) increases rather rapidly. When 
it heroines several times as higll as the resist-
ance, it becomes the chief factor in determining 
the anit ' lint of current flowing. Hence, for cir-
cuits lia ving the same values of inductance and 
capacity but varying amounts of resistance, 
the resonanee curves teml to coincide at fre-

--"" Constant 
Voltage-
Variable 
Frequency 

A— SERIES RESONANCE 

Constant 
vottagg:-
VariaYe 
Frequency 

8-PARALLEL RESONANCE 
FREQUENCY 

Fig. 237 — Characteristics of series-resonant and par-
allel-resonant circuits with variations in resistance, R. 
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quencies somewhat removed from resonance. 
The three curves in the figure show this tend-
ency. 

Parallel circuits— The parallel-resonant 
circuit is illustrated in Fig. 237-B. This cir-
cuit also contains inductance, capacitance and 
resistance in series, but the voltage is applied in 
parallel with the combination instead of in 
series with it as in A. As explained in connec-
tion with parallel inibictance and capacity 
(§ 2-8) the total current through such a com-
bination is less titan the eurrent flowing in the 
branch having the smaller reactance. If the 
currents through the inductive and capacitive 
branches are equal in amplitude and exactly 
180 degrees out of phase. the total current, 
called t he line current will be zero no mat ter 
how large the indiviglual branch currents may 
be. The impedance (Z = Ell) of such a cir-
cuit, viewed from its parallel terminals, would 
be infinite. In practice the two currents will not 
be exactly 180 degrees out of phase, because 
there ir always some resistance in one or both 
branches. This resistance makes the phase re-
lationship between current and voltage less 
than 90 degrees in the branch containing it, 
hence the phase differenee bet ween the cur-
rents in the two branches is less than 180 de-
grees and t ii two eurrents will not cancel com-
pletely. However, the line current may be very 
small if the resistance is small compareil to the 
reactance, and thus the parallel impedance at 
resonance may be very high. 

As the applied frequency is inereased or de-
creased from the resonant frequency, the re-
actance of one branch decreases and that of 
the other bra lui t in The bra ¡ oit with 
the smaller reactance ta is a larger current. if 
the applied voltage is constant, and that with 
the larger reactanee takes a smaller current. 
As a result, the difference bet‘veen the two 
currents becomes larger as the frequency is 
moved farther from resonance. Since t he line 
current is the difference between the t o cur-
rents, the current increases when the frequency 
moves away from resonance; in other words, 
the parallel impedance of the circuit decreases. 
The variation of parallel impedance of a 

parallel-resonant circuit with frequeney is il-
lustrated by the same curves of Fig. 237 t hat, 
show the variation in current with frequeney 
for the series-resonant circuit. The parallel 
impedance at resonance increases as t he series 
resistance is made smaller. 

In the case of parallel circuits, restmanee 
may be defined in three ways: the condition 
which gives maximum impedance, that whirl' 
gives a power factor of 1 (impedanee purely 
resistive), or (as in series circuits) when the in-
ductive and capacitive reactanees are equal. If 
the rettistanee is low, the resonant frequencies 
obtained on the three bases are practically 
identical. This condition usually is satisfied in 
radio work, so that the resonant frequenry of a 
parallel circuit is generally romputed by t he 
series-resonance formula given above. 

Resistance at high frequencies— When 
current flows in a conductor a magnetic field is 
set up inside the conductor as well as exter-
nally. When the current is alternating, the in-
ternal magnetic field induces a voltage inside 
the conductor which opposes the applied volt-
age and becomes larger as the center of the con-
ductor is approached. As a result, the current is 
forced to distribute itself so t hat the greater 
proportion flows near the surface and less near 
the center. This is known as skin effect. 

Skin effect is negligible at low frequencies, 
but increases with increasing frequency to such 
an extent that at radio frequencies the major 
portion of the current flows near the surface. In 
t u.h.f, range, all the current may be conven-
t rated wit Itin one or two thousandths of an 
it et h of t lie surface, so that for all practical pur-
poses the current- flows entirely on the surface. 

Since little current flows in the interior of a 
conductor t radio frequencies, the effect is the 
same as though the current were flowing in a 
thin condurting tube. This is the sanie as re-
ducing the cross-sectional area of the con-
ductor. whieh increases its resistance. Conse-
quently skin effeet increases t he resistance of a 
solid conductor as eompared to its value for 
d.c. and low-frequeney a.c. 
Low resistance at radio frequencies can be 

achieved by using comluct ors with large sur-
face area. Since the inner part of t he conductor 
(lutes not (tarry current t t ubing may 
be uset I for roils equally as well as solid wire of 
flat same diameter. 

In t he case of induet a nce coils, the magnetic 
field chum, to the wire catises the current to tend 
to coneentrate in the part of the conductor 
where t he field is weakest, again causing an cf-
feet ive decrease in the eonduet or size and rais-
ing the resistance. These effeets. plus the ef-
feet s of st ray t•urrents flowing through the dis-
tributed cat tacit y ( § 2-8) between turns, raise 
the effect ivy resistance of a coil at radio fre-
quencies to malty times the ( I.e. resistance of 
the wire. 
Sharpness of res nn ance— As the internal 

series resistance is inereased the resonance 
curves become " flatter" for frequencies near 
the resonance frequency, as shown in Fig. 237. 
The relative sharpness of the resonance curve 
near resonance frequeney is a measure of the 
sharpness of tuning or selectivity (ability to dis-
criminate between voltages of different fre-
quen('ies) in suie lu cirettits. This is an important 
consideration in tuned eircuits for radio work. 
Flywheel eireci; Q— A resonant circuit 

may be compared to a flywheel in its behavior. 
Just as such a wheel will continue to revolve 
after it is no longer driven, so also will oscilla-
tions of electrical energy continue in a resonant 
circuit after the source of power is removed. 
The flywheel continues to revolve because of 
its stored mechanical energy; current flow 
continues in a resonant circuit by virtue of the 
energy stored in the magnetic field of the coil 
and the electric field of the eondenser. When 
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the applied power is shut off the energy surges 
back and forth between the coil and condenser, 
being first stored in the field of one, then re-
leased in the form of current flow, and then re-
stored in the field of the other. Since there is 
always resistance present some of the energy 
is lost as heat in the resistance during each of 
these oscillations of energy, and eventually all 
the energy is so dissipated. The length of time 
the oscillations will continue is propon t ional to 
the ratio of the energy stored to that dissi-
pated in each cycle of the oseillat ion. This rat II) 
is called the Q (quality far t.' u) of ti cireuit. 

Since energy is stored by eit her the induct-
ance or capacity and may be dissipated in 
either the inductive or capacitive branch of the 
circuit, a Q can be established for eit her the in-
ductance or capacity alone as well as for the 
entire circuit,. It can be shown that the energy 
, stored is proportional to the reactance and 
that the energy dissipated is proportional to 
the resistance, so that, for either inductance or 
capacity associated with resist a nee, 

X 
o =  

This relationship is useful in a variety of eir-
unit problems. 

In resonant circuits at frequeneies below 
about 28 Mr. the internal resistance is almost 
wholly in the coil: the condenser resistance 
may be neglected. t'onsequenily, the Q of the 
circuit as a whole is determined by the Q of the 
coil. Coils for use at frequeneies below the very-
high-frequency region may have Qs ranging 
from 100 to several hunilred, depending upon 
their size and const ruction. 
The sharpness of resonance of a tuned cir-

cuit is directly proportional to the Q of the 
circuit. As an indieatiott of the effect of Q, the 
current in a series circuit drops to a little less 
than half its resonance value when the applied 
frequency is ellanged by an amount equal to 
1/Q times t he resonant frequency. The paral-
lel impedance of a parallel circuit similarly de-
creases wit h ehange in fret pleney. For example, 
in a circuit having it Q of 100, changing the ap-
plied frequency by 1/.1(10111 of the resonant 
frequency will decrease t he parallel impedance 
to less than half its value at resonance. 
Damping, decremen t — The rate at which 

eurrent dies down in amplitude in a resonant 
circuit after the source of power has been re-
moved is called the decrement or damping of 
the circuit. A circuit with high decrement 
(low Q) is said to be highly damped; one with 
low decrement (high Q) is lightly damped. 

Voltage rise— When a voltage of the reso-
nant frequency is inserted in series in a reso-
nant circuit, t he voltage whirl' appears across 
either the coil or eondenser is considerably 
higher than the applied voltage. This is be-
cause the current in the circuit is limited only 
by the actual resistance of the coil-condenser 
combination in the circuit., and hence may have 
a relatively high value: however, the same 

current flows through the high reactances of 
the coil and condenser, and consequently 
causes large voltage drops (§ 2-8). As explained 
above, the reactances are of opposite types and 
hence the voltages are opposite in pitase, so 
that the net voltage around the circuit is only 
that which is applied. The ratio of the reactive 
voltage to the applied voltage is proportional 
to the ratio of reactance tic resistance, which is 
the Q uf the circuit. Hence, t he voltage across 
either the mil or rondenser is equal to Q tintes 
the voltage inserted in series wit It the circuit. 

If, for example, the inductive reactance of 
cireuit. is 200 ohms. I lie en paviti ve re:let:111re 

is 200 ohms, the resi,tance 5 ohms, and thy 
applied voltage is 50, tIte two reactances cancel 
and there will be but the 5 ohms of pure re-
sist alley to lintit the current flow. Thus the cur-
rent ‘vill be .50 5, or 10 amperes. The voltage 
developed :wross either the eoil or the con-
denser will he equal to its react anee times the 
current, or 200 X 10 = 2000 volts. 
The ratio of reactive vi dtage to :applied 

voltage is equal to the ratio of the rem' tance of 
the coil or t he cow tenser to the resistance. 
Since t he lat ter ratio equals t he Q of the iii'-
ci iii the reaetive voltage ectitals the applied 
voltage times t he Q (200/5 or 40 X 50 = 20(10 
Volts). 

Parallel re.• t circuit isutedaitre — 
The parallel- resonant cireuit offers pure re-
sistance (its resonnnt impudnure) IH•t II 'iii its 
terminals because t he line current is practically 
in phase with t he applied voltage. At frequen-
cies off resonance the current increases through 
the branch having the lower reaetanre (and 
vice versa) so that the eirettit becomes reac-
tive, and the resistive component of the im-
pedanee deereases as shown in Fig. 23$. 

If the chi' tilt t) is 10 or more, the parallel 
impedance at resonance is given by the formula 

X2//t = XQ 

where X is the reartanee of either the coil or 
the condenser and le is t he internal resistance. 
Q of loaded circuits— In many applica-

tions, pm rtieularly in receiving, the only power 
dissipated is that lost in the resistance of the 
resonant circuit itself. Hence the coil should be 
designed to have as high Q as possible. Since, 
within lints, inereasing the number of turns 
raises the nail:unit faster than it raises the 

Re3/582NCe 
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Fig. 23n -"1-1., unp.•.1,,n,••• ..1 a parallel-resonant resist-
anee circuit i tt,,cs cc here - eparated into its reactance 
and resi,tance component-. 'I he parallel resistance of the 
circuit i, equal to the parallel impedance at resonance. 
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resistance, coils for such purposes are made 
with relatively large inductance for the fre-
quency under consideration. 
On the other hand, when the circuit delivers 

energy to a load, as in the ease of the resonant 
circuits used in transmitters, the energy con-
sumed in the circuit itself is usually negligible 
compared with that consumed by the load. The 
equivalent of sueh a circuit can be represented 
as shown in Fig. 239-A, where the parallel 
resistor represents the load to which power is 
delivered. If the power dissipated in the load 
is greater by lo times or more than the power 
lost in the coil and condenser, the parallel im-
pedance of the resonant circuit alone will be so 
high compared to the resistance of the load 
that the latter may be considered to determine 
the impedance of the combined circuit. (The 
parallel impedance of the tuned circuit alone 
is resistive at resonance, so that the impedance 
of the combined circuit may be calculated from 

(A) (8) 

Fig. 239 -- The .•quivalent circuit of a resonant cir-
cuit delivering po,.•r to a load. The resistor represents 
the load resistan, ,. At ( I” the load is tamwd across 
part of L, which l. transformer action is equivalent to 
using a higher 1,nul resistance across the whole circuit. 

the formula for resistances in parallel. If one 
of two resistances in parallel has 10 times the 
resistance of the other. the resultant resist-
ance is practically equal to the smaller resist-
ance.) Tim error w ill rr small, therefore, if the 
losses in the tuned reuit alone are neglected. 
Then, since Z = X Q, the Q of a circuit linuled 
with a resistive impedance is 

Q = —X 

where Z is the load resistance connected across 
the eircuit and X is tlie reactance of either t he 
coil or condenser. Hence, for a given l'arallel 
impedance, the effective Q of the circuit in-
cluding the load is inversely proportional to 
the reactance of either the coil or the con-
denser. A circuit loaded with a relatively low 
resistance (a few thousand ohms) must ihere-
fore have a large capacity and relatively small 
inductance to have reasonably high Q. 

From the above it is t t hat conneeting 
a resistance in parallel wit t a resonant circuit 
decreases the impedance of the circuit. How-
ever, the reactances in the circuit are un-
changed, hence the reduction in impedance is 
equivalent to a reduction in the Q of the cir-
cuit. The sanw reduetion in impedance also 
could be brougllt about by increasing t Ile series 
resistance of t he circuit. The eau i calf nt series 
resistance introduced in a resonant circuit by 
an actual resistance connected in parallel is 
that value of resistance which, if added in 
series with the coil and condenser, would de-
crease the circuit Q to the same value it has 
when the parallel resistance is connected. 

When the resistance of the resonant circuit 
alone can be neglected, the equivalent re-
sistance is 

X2 
R = — 

Z 

the symbols having the same meaning as in the 
formula above. 
The effect of a load of given resistance on 

the Q of the circuit can be changed by con-
necting the load across only part of the circuit. 
The most common method of accomplishing 
this is by tapping the load across part of the 
coil, as shown in Fig. 239-B. 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-eore transformer (§ 2-9). 
However, in the high-frequency resonant cir-
cuit the impedance ratio does not, vary exactly 
as the square of the t urn ratio, because all the 
magnetic flux lines do not, cut every turn of 
the coil. A desired reflecteil impedance usually 
must be obtained by t•xjteri mental adjustment. 
L/C ratio— The formula for resonant fre-

queney of a circuit shows that the same fre-
quency always will be obtained so long as the 
prod ,' el 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 L/C ratio. A hi!tir-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 
eonsiderable extent upon the part ieular appli-
cation ronsidered, and have no exact numeri-
cal meaning. 

con.,/,,,,/ s — As Pled 011t in the pre-
ceding paragraph, the prls ¡ Het of inductance 
and captivity is constant for any given fre-
quency. It is frequent ly convenient to use the 
numerical value of the LC noes/ant when a 
number of esli•olatiellIS have to be made in-
volving different L c ratios for the same fre-
quency. The constant for any frequency is 
given by the following equation: 

LC 25330 = — - 
f2 

where L is in microlienrys, C in micromicro-
farn ,1-.. and f is in megacycles. 

(T, 2-11 Coupled Circuits 

Energy transfer: loading— Two circuits 
are said to be coup/cd when energy can be 
transferred from one to the other. The circuit 
delivering energy is called the primary circuit; 
that receiving energy is called the secondary 
eirettit. The energy may be practically all 
dissipated in the secondary circuit itself, as in 
receiver circuits, or the secondary may simply 
act as a medium through which the energy is 
transferred to a load resistance where it does 
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work. In the latter case, the coupled circuits 
may act as a radio-frequency hnpedanee-
matching device (§ 2-9) where the matching 
can be accomplished by adjusting the loading 
on the secondary (§ 2-10) and by varying the 
coupling between the primary atol secondary. 

Fig. 240 — methods of eirettit coupling. 

Coupling tpy o common circuit element — 
One method of coupling between t wo resonant 
circuits is to have some type of circuit element 
common to hot h eircuits. The three variations 
of this type if coupling (often called direct 
coupling) shown at A, B and C ii Fig. 240, 
utilize a corn mon inductanee, cap:wily and 
resistance, respectively. Current circulating 
in one LC branch flows through t he minnow 
element (L, Ce, or R,) and tlw v,,It age devel-
oped across this element ea list,. , urrent to flow 
in the other LC branch. The degree of coupling 
between t he t wo circuits becoines go I et. as the 
reactance (or resistance) of the minimal ele-
ment is increased in comparison to t he remain-
ing reactances in the two branches. 

If both circuits are resonant to the sanie 
frequency, as is usually the case, the cionnton 
impedance — reaetance or resistance re-
quired for maximum energy transfer is gener-
ally quite small compared to the other react-
anees itt the circuits. 

(:apacity coupling— The circuit at I) 
shows electrostatic coupling between two reso-
nant circuits. The coupling increases as the 
eapa cit y of C, is made greater (reactance of e, 
is .!, crutised). When two resonant circuits are 
coupled by this means, the capacity required 

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, the react-
ance of the coupling condenser need not be 
lower than 10.000 ohms or so for ample cou-
pling. The corresponding capaeity required is 
only a few micromierofarads at Itiglt frequencies. 
Inductive coupling— Fig. 2-10-E illustrates 

induetive coupling, or coupling by means of 
the magnetic field. A circuit of this type re-
sembles the iron-core transformer (§ 29) but, 
bevause only a small percentage of the flux 
lines set up by one eoil cut the turns of the 
other coil, the si mide relationships between 
turns ratio, voltage ratio and impedance ratio 
itt the iron-core transformer do not holçl. To 
determine the operation of sueli circuits, it is 
necessary to take account of the mutual induct-
ance (§ 2-5) between the coils. 

Link coupling — A variation of inductive 
coupling, called link ewiplitég, is shown in Fig. 
211. This gives the effect of inductive coupling 
between two coils which may be so separated 
that they have no mitt mil induetattee; the link 
may be considered simply :IS a means of pro-
viding t he mutual inductanee. Because mutual 
inductance between coil and link is involved at 
each end of the link, the total mutual induct-
ance between two link-coupled circuits cannot 
be made as great as when normal inductive 
eoupling is used. In prit 'e, however, this 
ordinarily is not disadvantageous. Link con-
plinu frequently is convenient itt the design of 
equipment where ieductive coupling would be 
impracticable for cutest riot touai reasons. 
The link coils generally have few turns com-

pared to the resonant-circuit coils, si nee the 
coefficient of coupling is relatively independent 
of the number of turns on eit het.. roil. 

Coefficient of coupling — The ilegree of 
coupling between two coils is a function of 
their mutual inductance and self-inductances: 

k 
Li L2 

where k is called the coefficient of coupling. It is 
often expressed as a percent age. The coefficient 
of coupling cannot be greater than 1, and gen-
erally is much smaller in resonant eireuits, 
hid ilea relY — Three types 

of circuits wit h inductive coupling are in 
general use. As shown in Fig. 2-12. one type has 
a tuned-secondary circuit with an titi t uned-
primary coil, the second a tuned-primary cir-
cuit and untuned-secondary coil, and the third 
uses tuned circuits in lad h the primary and 

241 — I.ink coupling. Thu  al induct:titres at 
is ' itt ends of the link are equivalent to JJJJ tuai inductance 
between the tuned circuits, and serve the same purpose. 
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Fig. 212 — pe, of il ducti% 1 emaph•11 circuits. In 
and it .. one tiicui is tufted. th • other untamed. C shows 
the nretinal tif t ..ii j t betucen two tuned circuits. 

secondary. The circuit at A is frequently used 
in receivers for coupling between amplifier 
tubes when tlw tuning of the circuit must be 
varied to respond to signals of different fre-
queneies. Circuit B is used prineipally in trans-
mitters, for coupling a radio-frequency ampli-
fier to a resistive load. Cireuit C is used for 
fixed-frequency amplification in receivers. The 
same cireuit also is used in transmitters for 
tranFferring power to a load which has both 
reactance and resistance. 

If the coupling between the primary and sec-
ondary is " tight" (coeffirient, of coupling 
large), the effect of inductive coupling in cir-
cuits A and B, Fig. 242, is much the same as 
though the circuit having the untunecl coil 
were tapped on the tuned cireuit (§ 2-10). Thus 
any resistance in the circuit to which the un-
tuned coil is ronneeted is coupled into the 
tuned circuit in proporthm to the mutual in-
ductance. This is equivalent to an increase in 
the z.zeries resist mice t t he tuned circuit, and its 
Q and selectivity are reduced (§ 2-10). The 
higher t he coefficient of coultling, t lie biwer the 
Q for a given value if resistance in the coupled 
circuit. These eita•uits may be used for imped-
anett matching by adjustment of the coupling 
and of the riutrtti s'n f t 11111S ir t 11(` 'Intuited coil. 

If the circuit to which t he untuned coil is 
connected bas reactance, a certain amount of 
reactance will be " coupled in" to the tuned 
circuit depending upon the amount of re-
actance present and the degree of coupling. 
The chief effect of this coupled reactance is to 
require readjustment of the tuning when the 
coupling is increased, if the tuned circuit has 
first been adjusted to resonance under condi-
tions of very loose coupling 
Coupled resonant circuits— The effect of 

a ttmed-seeondary circuit on a tuned primary 
is somewhat more complicated than in the 
simpler circuits just described. When the sec-
ondary is tuned to resonance with the applied 
frequency, its impedance is resistive only. If the 
primary also is tuned to resonance, the current 

flowing in the secondary circuit (caused by the 
induced voltage) will, in turn, induce a volt-
age in the primary which is opposite in phase 
to the voltage acting in series in the primary 
circuit. This opposing voltage reduces the 
effective primary voltage, and thus causes a re-
duction in primary current. Since the actual 
voltage applied in the primary circuit has not 
changed, the reduction in current can be looked 
upon as being caused by an increase in the re-
sistance of the primary circuit. That is, the 
effect of coupling a resonant secondary to the 
primary is to increase the primary resistance. 
'1'he resistance under ronsideration is the series 
resistance of the primary circuit, not the paral-
lel impedance or resistance. Tite parallel re-
sistance decreases, since the increase in series 
resistance reduces the Q of the primary circuit. 

If the secondary circuit is not tuned to res-
onance, the voltage induced back in the pri-
mary by the secondary current will not be ex-
actly out of pitase with the voltage acting in 
the primary; in effect, reactance is coupled 
into the primary circuit. If the applied fre-
quenry is fixed and the secondary circuit tun-
ing is being varied, this means that the primary 
circuit will have to be retuned to resonance 
each time the secondary tuning is changed. 

If t he two circuits are initially timed to res-
onance at a given frequency and then the ap-
plied frequency is varied. both cireilits become 
reactive at all frequencies off resonance. Under 
these eonditions, the reactance coupled into the 
primary by the seeondary retunes the primary 
circuit to a new resonant frequeney. Titus, at 
some frequency off resonance, the primary cur-
rent will be maximum, while at the actual res-
onant frequency the current will be smaller 
because of the resistance coupled in from the 
secondary at resonance. There is a point of 
maximum primary current both above and 
belt (w the true resonant frequency. 

These effects are almost negligible with very 
"loose" (qm)ling (voellicient of coupling very 
small), but increztse nipidly as the muffling 
increases. Because of tient, the selectivity of a 
pair of coupled resonant circuits can be varied 
over a considerable range simply by changing 
the coupling between them. Typical curves 
showing the variation of selectivity an shown 
in Fig. 2-13, let terell in order of inereasing co-

FREQUENCY 

Fig. 24.3 — 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 input voltage is held 
constant in amplitude while the frequency is varied. 
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efficient of coupling. At loose coupling, A, the 
voltage across the secondary circuit (induced 
voltage multiplied by the Q of the secondary 
circuit) is less than the maximum possible 
because the induced voltage is small with loose 
coupling. As the coupling increases the sec-
ondary voltage also increases, until critical 
coupling, B, is reached. At still closer coupling 
the effect of the primary current " humps" 
causes the secondary voltage to show some-
what similar humps, while when the coupling 
is further increased the frequency separation of 
the humps becomes greater. Resonance curves 
such as those at C and D are called " flat-
topped," because the output voltage is sub-
stantially constant over an appreciable fre-
quency range. 

Critical coupling— It will be observed that 
maximum secondary voltage is obtained in the 
curve at B in Fig. 243. With tighter coupling 
the resonance curve tends to be double-peaked, 
but in no ease is such a peak higher than 
that shown for curve B. The coupling at which 
the secondary voltage is maximum is known as 
critical coupling. .With this coupling the re-
sistance coupled into the primary circuit is 
equal to the resistance of the primary itself, 
corresponding to the condition of matched 
impedances. Hence, the energy transfer is max-
imum at critical coupling. The over-all selec-
tivity of the coupled circuits at critical coupling 
is intermediate between that obtainable with 
loose coupling and tight coupling. At very loose 
coupling, the selectivity of the system is very 
nearly equal to the product of the selectivities 
of the two circuits taken separately; that is. the 
effective Q of the circuit is equal to the product 
of the Qs of the primary and secondary. 

Effect of circuit Q— Critical coupling is a 
function of the Qs of the two circuits taken in-
dependently. A higher coefficient of coupling 
is required to reach critical rumpling when the 
Qs are low; if the Qs are high, as in receiving 
applications, a coupling mefficient 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 
as close physically 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 (§ 2-10). One or the other of 
these methods often must be used with link 
cou ding, because the maximum coefficient of 
coupling between two coils seldom runs higher 
than 50 or 60 per cent and the net coefficient 
is approximately equal to the products of the 
coefficients at earh end of the link. If the load 
resistance is known beforehand, the circuits 
may be designed for a Q in the vicinity of 10 
or so with assurance that sufficient coupling 
will be ava liable ; if unknown, the proper Qs can 
be determined by experiment. 

Shielding— Frequently it is necessary to 
prevent coupling between two circuits which, 
for constructional reasons, must be physically 
near each other. Capacitive coupling may 
readily he prevented by enclosing one or both 
of the circuits in grounded low-resistance 
metallic containers, called shields. The electro-
static field from the circuit components does 
not penetrate the shield, because the lines of 
force are short-circuited (§ 2-3). A metallic 
plate called a baffle shield, inserted between 
two components, may suffice to prevent elec-
trostatic coupling between them, since very lit-
tle of the field tends to bend around such a 
shield if it is large enough to make the compo-
nents invisible to cant other. 

Similar metallic shielding is used at radio 
frequencies to prevent magnetic coupling. In 
this ease the magnetic field induces a current 
(eddy current) in the shield, which in turn sets 
up its own magnetic field opposing the original 
field (§ 2-5). The induced current is propor-
tional to the frequency and also to the conduc-
tivity of the shield, hence the shielding effect 
increases with frequency and wit It the conduc-
tivit y and thickness of the shielding material. A 
closed shield is required for good magnetic 
shielding: in some cases separate shields, one 
about emit 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. 

Cancellation of part of the field of the coil 
reduces its inductance, and, since some energy 
is dissipated in the shield, the effective resist-
ance of the coil is raised as well. Hence the Q of 
the coil is reduced. The effect of shielding on 
coil Q and inductance becomes less as the dis-
tance bet wee)) the cu iii and shield is increased. 
The losses also decrease with an increase in the 
conduct ivity of the shield material. Copper and 
alumintini are satisfactory materials. The Q 
and inductance will at .t he greatly retluced if 
the spacing between the sities of the coil and 
the shield is at least half the ct dl diameter, and 
is not less than the coil diameter at the ends of 
the coil. 

At audio frequencies the shielding container 
should be made of magnetic material, prefera-
bly of hiuli permeability (§ 2-5), to provide a 
low-reluctance pat h for the external flux about 
the coil to be shielded. A nonmagnetic shield is 
quite ineffectual at these low frequencies since 
the induced current is small. 
Filters— By suitable choice of circuit ele-

ments a coupling system may be designed to 
pass, without undue attenuation, all frequen-
cies below and reject all frequencies above a 
certain value, called the cut-off frequency. Such 
a coupling system is called a filler, and in the 
above case is known as a low-pass filter. 

lf frequencies above the cut-off frequency are 
passed and those below attenuated, the filter is 
a high-pass filler. Simple filter circuits of both 
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Fig. 244 — Basic forms of filter networks. Typical frequency response curves for each type are s own at the right. 

types we shown in Fig. 244, along with typical 
frequency-response curves. The fundamental 
circuit, from which more complex filters are 
constructed, is the L-section. Fig. 244 also 
shows '— section and T-section filters, both con-
structed from the basic L-section. 
A bend-pass filter; also shown in Fig. 244, 

is a combination of high- and low-pass filter 
elements designed to pass without attenuation 
all frequencies between two selected cut-off 
frequencies, and to attenuate all frequencies 
outside these limits. The group of frequencies 
which is passed by the filter is called the pass-
band. Two resonant circuits with greater than 
critical coupling represent a common form of 
band-pass filter. 

In ,• urves of Fig. 244, A shows the attenua-
tion al high frequencies of a single-section low-
pass filter with high-Q components; B illus-
trates the extremely sharp cut-off obtainable 
With a more elaborate three-seetion 
Curve C is that of a high-pass section having 
high Q. comparable to A. D shows the attenua-
tion by a less-efficient section having some re-
sistance in ; lie inductance branch. Curves E, 
F and G illust rate various band-pass charac-
teristics, E being a low-Q narrow-band filter, 
F a high-Q narrow-band, and G a wide-band 
high-Q two-section filter. 

Filter circuits are frequently encountered 
both in low-frequency and it.f. applications. 
The proportions of L and (7 for proper opera-
tion depend upon the load resistance connected 
across the output. terminals, L being larger and 
C smaller as the load resistance it:. increased. 
The type of section does not affect the at-
tenuation curve, provided the input and out-
put resistances are correct. In a symmetrical 
filter the input and output impedances must 
be equal to the impedance for which the filter 
is designed. Assuming these relationships, the 

Fig. 245 — L-sectian and -sec-
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following design equations apply to the sections 
illustrated in Fig. 244. 

Low-pass filter: 

R 
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VT, R = 
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High-pass filter: 
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In these formulas, R is the terminal imped-
ance and f, tin' design cut-off frequency for 
low-pass and high-pass filters. For band-pass 
filters, h and f2 are the pass-band limits and 
fi, the middle frequency. L2 Cs the parallel 
shunt elements. 
The resistance-capacity filter, shown in Fig. 

245, is used where both d.c. and a.c. are flowing 
through a circuit and greater attenuation is de-
sired for the a.c. than for d.c. It is usually em-
ployed where 1.11e direct current is small so 
that d.c. voltage drop is not excessive, or 
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when a voltage drop actually is required. 
The time constant, RC, (§ 2-6) must be large 
compared to the time of one cycle of the lowest 
frequency to be attenuated, hi determining the 
time constant, the resistance of the load must 
be included as well as that in the filter itself. 

(A) 

(C) 

(E) 

DC OR A.0 

(a) 

(D) 

(F) 

Fig. 2.16— Bridge circuits utilizing resistance, induct. 
anee and capacity arms, Loth :dune and in combination. 

Bridge circuits— A bridge circuit is a device 
primarily used in making measurements of re-
sistance, reactance or impedanee (§ 2-8), and 
frequency, although bridges also have other 
applications in radio circuits. 
The fundamental form is shown in Fig. 

246-A. It consists of four resistances (called 
arms) connected in series- parallel to a source 
of voltage, E, with a sensitive galvanometer, 
AI, connected between the junetions of the 
series-connected pairs. the equation 

113 
- 

112 I( 

is satisfied there is no potential difference be-
tween points A and B, since t he drop across 112 
equals that across RA and the drop across 
equals that across R. Under these conditions 
the bridge is said to be balanced, and no current 
flows through M. If Rs is an unknown resist-
ance and 114 is a variable known resistance, 
R3 can be found from the following equation 
after 114 has been adjusted to balance the 
bridge (nu// indication on It): 

113 ="i 114 
112 

RI and 112 are known as the ratio arms of the 
bridge; the ratio of their resistances is usually 
adjustable ( frequently in steps of 1, 10, 100, 
etc.), so that a single viiriable resistor. 114. e:, ci 
serve as a standard for inrra-arring widely dif-
ferent vailles of unknown it t a I 

Bridges similarly can be formed with arms 
containing capacity or inductance, and with 
combinations of either with resistance. Typical 
simple arrangements are shown in Fig. 246. 
For measurements involving alternating cur-
rent the bridge must not introduce phase shifts 
which will destroy the balance, hence similar 
impedances should be used in each branch, as 
shown in Fig. 246, and the Qs of the coils and 
condensers should be the same. When bridges 
are used at audio frequencies, a telephone 
Ileadset is a suitable null indicator. The bridges 
at E and F are commonly used in r.f. neutral-
izing circuits (§ 4-7); the voltage from the 
souri'('. E.-, is balanced out at X. 

(1 2-12-A Linear Circuits 

Standing traces — If an elertrieal impulse 
is started along a wire, it will travel at approxi-
mately the speed of light until it reaches the 
end. If the end of the wire is open circuited, 
the impulse will be reflected at t his point and 
will travel back again. When a high-frequency 
alternating voltage is applied to the wire a cur-
rent will flow toward t he open end, and reflec-
tion will occur continuously. If the wire is limg 
enough so that time comparable to a half cycle 
or more is required for current to t ravel to the 
open end, the phase relations bet ween the re-
fleet ed current and out current will vary 
along the wire. At. one poirt. the I wo currents 
will be 180 out of plotsr• and ar another in 
phase. with interme.ihali• vain, n it ween. As-
suming negligible losses. t he resultant current 
along the wire. as measured by a rurrent 

rilig instrument such as a thermo-couple 
ammeter, will vary in :unpin idi' fia nn zero to a 

Ni11111111 N':1111r. Sildl a variation is called a 
si(inditui ware. The voltage along t lie wire also 
got, through standing waves, reaehing its 
nia \ iinuen value where t he current is minimum 
and Viet` versa, 

wiry eta to surli ni length that 
the current traverses it in one ilirection in 
exailly the time of one-half rycle, a single 
standing wave will ("twinr along t he ‘vire and the 
wire is said to be restarant to the applied fre-
quency. Although the intlitetanee min1 vapaeity 
are dust tainted along the wire rat her than be-
ing convent rated in a roil and condom- or, such a 
wire is in many ways equivalont tri no ordinary 
resonant circuit. 
Frequency and wavelength — It is possible 

ti) deseribe t he constants of stiell line circuits in 
terms of inductance and capacitance, hut it 
is more convenient to give them simply in 
terms u r f funilamental resonant fmlueney or of 
lengt h. Since the velocity at which the current 
travels is 300,000 kilometers ( IS6,000 tuiles) 
per second, tilt. trrit•de hyth, or distance the cur-
rent will Iray' I ti t tar ¡ imp of one cycle, is 

300,000 
=-• 

where A is the wavelength in meters and fk„ is 
the frequency in kilocycles. 
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— Standing-us e current distribution on a 
wire %tertian g as an oscillatory circuit, at the fundamen-
tal, second harmonic and third harmonic frequencies. 

Harmonic resonance — Although a coil-
condenser combination having lumped con-
stants (capacitance and inductance) resonates 
only at one frequency, circuits such as an-
tennas which contain distributed constants 
resonate readily at frequencies which are very 
nearly integral multiples of the fundamental 
frequency. These frequencies are, therefore, in 
harmonic relationship to the fundamental fre-
queney. and hence are referred to as harmon-
ies (§ 2-7). In radio prnet ive the fundamental 
itself is ealleil the first harmonic, the freqttency 
twin t he fundamental is called the second har-
monic. and so on. 
Fi. 247 illustrates the distribution of cur-

rent on a wire for fundamental, second and 
third harmonir excitatilm. There is one point 
of miximum current with fundamental opera-
tioi t. t We when operation is at the seeond liar-
nloii', atol three at the third harmonic: the 
number of fairrent maxima corresponds to the 
order of tlw harmonic atol the number of stand-
ing waves on the wire. As noted in the figure, 
ti ti' ptints of maximum current are called 
anti-mu/es (also known as " loops") atol the 
points of zero eurrent are railed nodes. 

It the tase of the harmonic current VIII'VeS, 
tile half-wave curves am drawn alternately 
above and below the referenee line to indicate 
that the phase of the current reverses in each 
half wavelengt h. In other words, if eurrent in 
one half-wttvit section is fluwing to the right, 
for e,;ample. the current in the adjacent half-
wave section will be flowing to the left.. How-
ever, when the current is nteasured wit an r.f. 
ammpter there will simply be a maximum in-
dication at the center of each half-wavo sec-
tion. since titi ititnieter cannot indicate phase. 

Rœlirairro reAstance— Since a line circuit 
lias distributed induetance at id capacity, cur-

&Landing Ware 
of Current 

Low {kwed‘ince 1/4  

••• 
••••• 

High 
krodonce 

Fig. 248 — Standing v.ave and instantaneous current 
(shown by the aroma) in a folded resonant-line circuit. 

rent flow causes storage of energy in mag-
netic and electrostatic fields (§ 2-3, 2-5). As 
the fields travel outward from the wire at the 
speed of light, some of the energy escapes from 
the circuit in the form of electromagnetic 
waves; that is, energy is radiated from the 
wire. Such a wire is, in fact, an antenna. 
Shire the energy radiated by the line or an-
tenna represents a loss, insofar as the line is 
et mcerned , the 1,,,s of energy van be considered 
to lake piztur in an equira It nt resistance. The 
value of the equivalent resistance is found 
from the ordinary Ohm's Law formula, 
=J 12, where P is t he power radiated and I 

is the current in lite wire. JI. the equivalent re-
sistanee, is called radiation resistance. 
Two  hicior lines — The effective re-

sistance of a restanutt straight wire is fairly 
high, because a large proport ion of the power 
supplied to such tt wire is radiated. In many 
cases it is necessary to transfer power from one 
point to allot her with the lettst possible loss — 
for example, front a transmit ter to a radiating 
ann•nna which may be located some distance 
away. If the line is folded so that. there are two 
conductors instead of ot te. as shown in Fig. 
2-Is. the currents in adjarent sections of the 
two wires are flowing in opposite directions, 
consequently the fields set up by the two 
oppose each other and there is very little 
radiation. 
The quarter-wave folded line in Fig. 248 has 

a Wal length of tate-half wavelength, henee is 
res tittnt to the frequency corresponding to its 
length. Since the eurrent is large and the volt-
age is low at the closed end, the impedance at 
this po tint is quite low. On the other hand, the 

Iiioh 
Impedance ' 

\-.44 

X/4 

 40› 
Conductors 

Short-ci 
249 - A quarter-u ave coaxial-line resonant circuit. 

volt age is high and the current is very low at 
the open end, so at t his point the impedance is 
high. These properties of a quarter-wave two-
conductor line have applications to be de-
scribecl later. 
A folded line also may be constructed in the 

form of two coaxial or concentrie conductors, 
as shown in Fig. 249. In effect. this line is di-
reet ly comparable with the parallel conductor 
line, except that one conductor may be said to 
have been rotated around the other in a com-
plete circle. The coaxial line has even lower 
radiation resist ;Ince than the folded-wire line, 
since the outer conductor acts as a shield. 
Standing waves exist but are confined to the 
outside of the inner conductor and the inside of 
the outer minim- ha., since skin effect prevents 
the currents from penetrating to the other 
sides. Thus such a line will have no radio-fre-
quency potentials on its exposed surfaces, and 
no radiation can , wettr. Because of the low 
radiation it nut and the relatively large 
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conducting surfaves, sit eh self-enclosed reso-
nant lines can be tea, le to have much higher Qs 
than are attainable with coils and condensers. 
They are most applivable at very high frequen-
cies (very short wavelengths) (§ 2-7), where 
the dimensions are small. 
A modified form of construction for coaxial 

lines is the " trough" line in which a tubular 
inner conductor is click ' set( within t rectangular 
sheet-metal box or trough, usually left ( hall on 
one side to facilitate tapping or other adjust-
ments. The absence of shielding on one side 
does not affect the performance materially. :hid 
the simplicity or iurnsi rilut ion is an a,[vantage. 
The term traiesnii,4,,,, hit, uenertillY 

plied to till lines who her they are let ually used 
as a incalis for transferring rmli,t-frequeney 
power bel ween two ro•ints or whether they are 
used as re la eements for coil-and-condenser 
resonant circuits. The lines shown in Figs. 2.18 
awl 2.19 are ' short .' lines if the type fre-
quently used for the latter purpose. For trans-
ferring power the lints may be many wave-
lengt lis long, depending upon the distanee over 
whieh the power is to be transmitted. Furl her-
more, a line used for t his purpose is met nmecs-
sacily rte.:en:tut : in fact, it may be desirable to 
avoid resonance effects entirely. 

If a transmission line roulà be made infi-
nitely bbng, power would simply t.ravel along it, 
until it was entirely dissipated in t resistanre 
of the line: there \Void(' be net lung to reflect it 
and standing WaVVS would not e \ i-t. Such ti line 
WOUld pre:q .111 a vonstant impedance in the 
form or a pure resistance to an input at any 
frequeney, and heure would show no resonance 
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effects. Practically, the clin rail erist les of an in-
finitely-long line can ht. sinuilate,1 by terminat-
ing a line of finite length in a load resistance 
equal to t he rharacteri,lie impedance of t he line. 
This and other general properties of transmis-
sion lines are discussed in the following para-
graphs. 

Characteristic impedance— The charac-
teristic un pet/it nce if a transmission line, also 
known as the surge i prdu 'ice, is defined as 
that impedance which a long line would present 
to an electrival impulse induced in the line. 
In an ideal line having no resistance it is equal 
to the situare root of the rat it) of inductanee to 
capacity per unit length of the line. 
The characteristic impedance of air-insu-

lated transmission lines may be calculated from 
the following formulas: 

Parallel-conductor line: 

Z = 276 log — 
a 

(5) 

where Z is the surge impedance, b the sparing, 
renter to center, and a the radius of the con-
duetor. The quantities b and a must be meas-
ured in the saine units ( inches, cm., etc.). 

Coaxial or concentric line: 

Z = 138 log — (6) 
a 

where Z again is the surge impedanee. In this 
case, b is the ih1(1,. (inlet rt. (not radius) of 
he ether r, inluit ir and u is the 
ter of the litai'. colulnelur. ftwinilla is true 
for lines haying air as t he dielect ric, and approxi- . 
mutely so ‘yith ceramic insulators so spaced 
that the major part of the insulation is air. 
The surge impedanee for both parallel and 

coaxial lines using various sizes of eonduetors 
is given in ehart forni Ut Vig. 

Wien a solid insulating material is used be-
tween the conduct ors, tine increase in line 
rapacity causes the impedance to deervase by 
the factor / K. ‘vhere K is the dielertric con-
stant id the insulating material. 

Although t vo-conduet nu. lines have lower 
radiation, a single-conduet or line can be used 
for transferring power if it. is terminated in its 
eharaeteristir impedanee. Under such eireum-
stamps eurrent in t he line will be small, and 
since radiation is prepertional to current the 
radiation also will be small. The eharaeteristic 
impedance of ti single- wire t ranstnission line va-
ries with ronductor size, height above ground, 
and orientation with respect to ground. An av-
erage figure is about 500 ohms. 
Standing-ware ratio— The lengths of 

transmissitin lines used at radio frequencies 
are of the santo order as the operating wave-
lengths, and t herefore statoling waves of cur-
rent and voltage may appear on the line. 
The ratio of current ( or yeltage) at a loop to 
the value at a node (4,./m/i,,p-,,mcc ratio) de-
pends upen t ht. ratio of the resistanee of the 
load connected to the output end of the line 
(its terminntion) to the eliaracteristic imped-
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ance of the line itself. That is, 

Z. Z, 
Standing-ware ratio = — or — (7) 

Z„ 

where Z„ is the characterist impedanee of the 
line and Z, is the terminat ing resistance. Z, is 
generally called an impedance, although it 
must be non-reactive and therefore must cor-
respor cl to a pure resistance for the line to oper-
ate as deseribed. For example, this means that 
if the tad or termination is an ant enna, it must 
be res,mant at t he operating frequeney. 
The formula is given in t wo ways because it 

is customary to put the huger numlwr in the 
numeuttor, so that the ratio will not be frac-
tional. As an example, a 600-(thm line termi-
nated in a resistance of 70 ohms will have a 
standing wave ratio of 600 70, or 8.57. The 
ratio isn 1 70-olon line terminated in a resist-
ance cd 600 ohms would be the same. Thus, 
if the eurrent as nwasured at a node is 0.1 am-
pere, the curret it. at a loop will be 0.857 ampere. 
A line terminated in a resistance equal to its 

characteristic impedance is equivalent to an 
infinitely long line; consequently there is no 
reflection, and no standing waves will appear. 
The standing wave ratio therefore is I. The 
input end of such it line appears as a pure re-
sistance of a value equal to the characteristic 
impedance of tIn• line. 

Electrical length — Tla• eke( rical length of 
a line is not exactly the same as its physival 
length for reasons corresponding to t he end ef-
fects in antennas (§ 10-2). Strayers used to 
separate the condurtors have dieleytric con-
stants larger t han t hat of air, so t he waves 
do not- travel as fast along :t line as they 
\you'd in air. The Imo lis () I' elect rival quarter 
waves of various types of lines can he calcu-
lated rotn t he formula 

X I-
Len(/th (feel) - 

Freq. I Me.) 
where depends upon the type of line. For 
lines of ordinary- vonst ruction, is as follows: 

Parallel wire line V = 0.975 
Parallel tithing line V — ( 1.95 
Concentric line t:tir-insulated) V = 0.85 
Coneentrir line ( rittiher-imisti-

Iate.lt V = 0.56-0.65 
Twisted pair 

Reactance, resistance, impedance— The 
input end of a line may sitit W reaet a nee as well 
as resi-ttance, and t he values of t hese quantit ies 
will depend upon the nature of t he load at the 
output end, the electrical length uf the line, 
and the line chararteristic impedance. The 
reactance and resistance are imp(trtant in 
determining the method of coupling to the 
source of 'newer. Assuming that the load at the 
output end of t he line is purely resistive, a line 
less t Iran a quarter tva vt't gIlt It ti elect rivalry 
will show inductive re:Let:owe at its input ter-
minals when the output, termination is less 
than the characteristic impedance, and capaci-

Cbaractensbc5 of Lane Sections 
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Charactenstics of Line Sections 
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Fig. 251 — Input reactive characteristics of resistance-
terminated transmission lines as a function of line length 

five reactance when the termination is higher 
than the characteristic impedance. If the line 
is more than a quarter wave but less than a 
half wave long, the reverse conditions exist. 
These properties are shown ill Fig. 251. With 
still longer lengt lis, the reactance characteris-
tics reverse in each sueceeding quarter wave-
length. The input impedance is purely resistive 
if the line is an exaet multiple of a quarter 
wave in length. The reactance at intermediate 
lengths is higher t he greater the standing-wave 
ratio, being zero for a ratio of 1. 
Whether lines are classified as resonant or 

nonresonant depends upon the standing-wave 
ratio. If the ratio is near 1, the line is said to be 
nonresonant, and reactive effects will be small 
even when the line length is not an exact mul-
tiple of a quarter wavelength. If the standing-
wave ratio is large, t he input reactance must be 
eatweled or " tuned out" unless the line is 
resonant — i.e., a multiple of a quarter wave-
length. 
Impedance trais . formation — Regardless 

of the standing-wave ratio, the input imped-
any() of a line a half-wave long electrically will 
be equal to the impedance connected at its 
output end; the same thing is true of a line any 
integral multiple of a half-wave in length. 
Sun a line can he considered to be a one-to-one 
transformer. However, if the line is a quarter-
wave (or an odd multiple of a quarter-wave) 
long, the input impedance will be equal to 

Z. 2 
Z = — 

where Z. is the characteristic impedance of the 
line and Z, the impedance connected to the out-
put end. That is, a quarter-wave section of line 
will match two impedances. Zi and Ze, pro-
vided its characteristic impedance, Z,, is equal 
to the geometric mean of the two impedances. 
A quarter-wave line may, therefore, be used 
as an impedance transformer. By suitable selec-
tion of constants, a wide range of impedance-
matching values can be obtained. 

Since the impedance measured between the 
two conductors anywhere along the line will 
vary between the two end values, a quarter-
wave line short-circuited at the output end 
can be used as a linear transformer with an ad-
justable impedance ratio. For best operation, 
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Fig. 252 — Equivalent coupling circuit:, for parallel-
line, coaxial-line and eonvettlional res c giant eirenits. 

the two terminating impedances m ist be of the 
same order of magnit ogle. Iloweve a series of 
quarter-wave sections ran be used to obtain a 
step-by-step mat eh of t wo terminal im-
pedances efficient ly if t hey are widely different. 

Impedance-mat ti' t ransformation wit h 
transmission-line sert it tits may also be elTected 
by taps on quarter-wave resintant lines em-
ploye(' as coupling circuits in the same manner 
as conventional roil-ron denser circuits. The 
equivalent tela ti , iusiti it ween parallel-line, 
coaxial-line :Ind roil-anul-c,nilenser circuits for 
this jiurjise are shown in 252. 

Other impedanee-matching arrangements 
employ the use of In:itching stubs or equivalent 
seeti(nis so arranged so as to balanee out the 
reactive component lilt rod:teed by the i•titipled 
circuit. These art. employed primarily in con-
nection with antenna feed systems and are 
described in detail in § 10-S. 

  lines as circuit elements — 
Sections of transmission lines, together with 
combinations g:f suet: SeetiulIS, l'all he liSed EI) 
SiI11111:11e jutait 1:111v any electrical Yireuit prup-

erty. Transmission lines van be used as re-
sistanre, indurtanre and rapacity, as well :IS fui' 

eirVIIiIS, impedance-mat riling trans-
formers, filters, and even as insulators. 

‘Vhen a short-circuited quarter-wavelength 
line is connerted bet ween hut" t'irait and 
ground. titeinput end idlers titi extremely high 
resistive impedanre. lit other words, the traits-

OuI Ittiti 0,67) 

tniss.nut line is virtually an insulator. 
Insulating littes of this sort are min-
monly employed in ultrahigh fre-
quency work. Sue!' insulators van be 
used to provitle ti d.e. path between 
the r.f. conduet or and chassis, and at 
the same time effectively block the 
flow of r.f. current. 
A transmission line terminated in 

its chararteristie impedanee affords a 
pure resistam•e at high frequencies, 
and e:o may be 115(41 its ti non-reartive 
resistor. Unterminated lines afford a 
varlet y of ream ive propert ies. Lengt Its 
of short-circuited line less t han a quar-
ter wavelength represent pure induc-
tive reactance, while open-circuited 
lines have pure capacitive reactance. 

Thus the former can be used in lieu of r.f. 
chokes, while the latter can serve as by-pass 
condensers. 
. The reactive characteristics of open- and 
closed-end lines are suimnarized in Fig. 253. 
Resonant lines as tuned circuits— In 

resonant circuits :IS (4111)10yed at the lower fre-
quencies it is possible to consider each of the 
reactance components ;is a separate entity. A 
coil is used to prctvide the required induetance 
and a condenser is conneeted across it to pro-
vide the necessary rapacity. The fart that the 
coil has a certain anutunt of self-capacity of its 
own, as well as some resistance, while the con-
denser also possesses a small self-inductance, 
can usually tat disreganled. 
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 induct :Imp than the coil it The re-
quired inductanent mil may he no nitre 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 t he " coil." may 
in part be radiated. At :t sufficiently high fre-
queru•y the loss by radiation may represent a 
major portion of t he total energy in t he circuit. 
Situ e energy whirl' rannot be utilized : us in-
tended is wasted, regmrdless of whether it is 
consumed as heat by the resistanre of the wire 
or simply radiated into space, the effort is as 
though the resist:1m .y uf the tuned rircuit were 
greatly Mere:Ise:I and its Q gre:Itly reduced. 

For this reason, it is common practice to 
utilize resttnant sections of transmission line as 
tuned cireuits at frequencies above 100 Mr. A 
quarter-wavelength line, or any odd multiple 
thereof, she at one end and open at the 
other, exhibits large standing waves. When 
a voltage of the frequency at which such it 
line is resonant is applied to the open em l, 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-rireuited end. 

Charactenstics of 
OPEN LINE SECTIONS 

Characteristics of 
SNORTED LINE SECTIONS 
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Eig. 253 — Open and closed transiiii:sion lines as circuit elements 
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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. 
253. At frequencies off resonance the line dis-
plays qualities comparable to the inductive and 
capacitive reactances of the coil and condenser 
circuit, although the exact relationships in-
volved are somewhat different. For all practi-
cal purposes, however, sections of resonant 
wire or transmission line can be used in much 
the same manner as coils or condensers. 

In v.h.f. circuits operating above 300 Mc., 
the waiving between cc oolucoirs becomes an 
appreciable fraction of a wavelength. To keep 
the radiation loss as small as possible the 
parallel conductors should not be spaced far-
ther apart than 10 per cent of the wavelength, 
center to center. On the ot her hand, the spaying 
of large-diameter ecinductors sin odd 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 can 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. The coaxial line is advantageous at t he 
lower frequencies, as well, but because it is 
more complicated to construct and adjust-
ments are more difficult the open type of line 
is generally favored at t hese frequencies. 
Transmiss' -line filter netecorks— The 

saute general equations ran be applied to any 
type of electrical network whether it be an 
actual section of transtnissicm line, a conibina-
tion of lumped-circuit elements. or a eombina-
tion of transmission-line elements. Ordinary 
electric. filters (§ 2-11 t at lower frequencies use 
combinations of coils atol condensers, but. con-
ventional circuit elements cannot be used at 
extremely Itigh frequencies. However, combi-
nations of transmission-line sections or com-
binations of transmission lines and parallel-
plate condensers may be used for the elements 
of very-high-frequency filter networks, instead. 
Construction— Practical information con-

cerning the construction of transmission lines 
for such specific uses as feeding antennas and 
as rcsonant circuits in radio transmitters will 
be found in the constructional chapters of this 
Handbook. Certain basic considerations appli-
cable 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. 254. At the left, a slid-
ing shorting disc 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 

Fig. 254 — Method- of tuning coaxial resonant lines. 

line. At the right, two possible methods of 
mounting parallel plate condensers, used to 
tune a " foreshortened" line to resonance, are 
illust rated. The arrangement with the loading 
capacity at the open end of the line has the 
greatest tuning effect per unit of capacity; the 
alternative method, whir h is equivalent to 
"tapping" the condenser clown on the line, has 
less effect on the Q of the circuit. Lines with 
rapat•ity " loading" of the sort illustrated will 
be shorter, physically, than an unloaded line 
resonant at t he same frequency. 
The short-circuiting disc, at the end of the 

line must he 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 t he thinnest insulating films. Usually a 
soldered connect ion or a I ight clamp is used to 
secure gocid cimtart. N'lien I he length of line 
must be readily adjustable, the shorting plug is 
provided wit lu spring collars which make con-
tact on the inner and outer conductors at some 
distance away front the shorting plug at a 
point where t he voltage is sufficient to break 
dowit t he film bet ween the collar and conductor. 
Two metlicids of tuning parallel-conductor 

lines are shown in Fig. 255. The sliding short-
circuit in g strap ran be t ightened by means of 
screws and nuts to make good electrical con-
tact . The parallel-plat e condenser in the second 
drawing may be played anywhere along the 
line, the tuning effect becoming less as the 
condenser is located nearer the shorted end 

Fig. 255— Methods 
of tuning parallel-
type resonant lines, 

o Î 

of the line. Although a low-capacity variable 
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. 
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(A) (B) 

tL Wave Guides and Cavity 
Resonators 

Hollow wore guides— .1 wave guide is a 
conduct ing tube through which energy is trans-
mitted in the form of electromagnetic. waves. 
The tube is not eonsidered as carrying a eur-
rent in the same sense that the wires of a t wo-
conductor line do, but rather as a boundary 
which confines the waves t t t enclosed space. 
Skin effect prevents any electromagnetic. ef-
fects from being evident outside the guide. 
The v.h.f, energy is injected at one end, either 
through eaparitive or induct i ve coupling or by 
radiation, and is received at t he ot her end. The 
wave guide then merely confines the energy id 
the fields, which are propagated thrciugh it to 
the receiving end by means of reflections 
against its inner walls. 
The difficulty of vistudizing energy transfer 

without the usual i•Insed circuit can be relieved 
somewhat by considering the guide as living 
evolvetl from an „pu n:try t wo-conductiir line. 

In Fig. 256-A, several closed quarter-wave 
stubs are shown connected in parallel acriiss a 
two-wire transmission line. Since the open end 
of earli st tib is equivalent to an open i•irimit. 
the line impedance is not. affected by 1 heir 
presence. Enough stubs may he ai hied to form 
a U-shaped rectangular tube with solid walls. 
as at 13, and :mot her identival U-shaped t 
may be added edge-do-edge to form 1.11e rec-
tangular pipe shown in Fig. 256-C. As before, 
the line impedance s1 ill will not be affected. 
But, now, instead :t two- wire trausmi›sion 
line, the energy is being conducted within a 
hollow rertangular tube. 

This analogy to wave-gohle operathm is not, 
exact, and therefore should tint be taken too 
literally. In i he evolution from the two-wire 
line to the closed tube the elect rie and mag-
netic field configurations undergo consitlerable 
change, wit h lite result. that the guide iloes not 
actually operate like a two-conductor line 
shunted by an infinite number of quarter-wave 
stubs. If it, did, only waves of the prois.r length 
to correspond to the stubs \iambi he propa-
gated through the tube, hut the t'ai is that. 
such waves do not pass through the guide. 
Only waves of shorter length — that is, higher 
frequency — ran go through. The distance x 
represents half the rut-off tritrclentilli, or the 
shortest wavelength which is unable lc go 
through the guide. Or, to put it another way, 
waves of length equal to or greater 1han 2x 
cannot be propagated in the guide. 

A second point of differ-
cine is that the apparent, 
length of a wave along t he 
direction of propagation 
through a guide always is 
greater than that, of a wave 
of the same frequeney in 
free space, whereas the 

o Fig. 256 — Evolutimi of a wave guide from a two-wire transmiss'  line. wavelength al tug a two-
condurt or transmissiim line 

is the saine as the free-space wave-length (when 
the insulathm 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 (al/1,111(10r of eleetricit y. Typical dis-
tributions of eleetric and longuet ¡ I' fields in a 
reetangular guide are shown in Fig. 257. It 
will be observed that the intensity of the elec-
trie field is greatest at the center along the x 
dimension, diminishing to zero at the end 
walls. The latter is a nevessary rondit ion, since 
any electric field parallel to the walls at, the 
surfare would valise an infinite eurrent to flow 
ill a perfeet conduetor. This represents an im-
possible sit nation. 

Zen, elect ric field at the end walls will result 
if t he wave is considered to consist of two sepa-
l'ale ayes moving in zig-zag fashion down the 
guide, reflected back and forth from the end 
walls as shown in Fig. Just at the walls, 
the positive crest of one wave meets the nega-
tive crest of the other, giving e om iilete cancel-
lation of the electric fields. 'rhe angle of re-
fleetiiin at whieh this caneellation oreurs de-
pends upon the width x of the guide and the 
length of the waves; Fig. 258-A illustrates the 
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case of a wave considerably shorter than the 
cut-off wavelength, while B shows a longer 
wave. When the wavelength eqllals the eut-off 
value, the t wo Waves simply bounce bark and 
forth between the walls an.1 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 mil travel through I he guide as 
rapidly as il does in space. A further cotise-

  POSITIVE CREST 

  NEGATIVE CREST 

(A) 
Ay 

r 

(B) 

.2511 iml.•••ti.di tuo in a rec-
tangtddr N — spa..... - 

length in guide. I / irectinn of is : I s e ' notion is ol•rovolliett-
lar to the wzot• frouit t. resist as shown Its tue arrows. 

tittetwe of the 0) 5 :11 e,! reflection- is that the 
points of maximum intensity or i‘a 1•11.› IS 

n re ›eparated more along the line of pr.,;,:.ga-
tion in the guide than they are in the ti\ti sepa-
rate waves. lit other wqirils. the WaVelenulli ill 

the guide is greater than the free-space wave-
lt•ngt h. This ; 1 in Fig. 5. 

.1Iroles irr(11141:oriitort — Flu 257 repre-
sents a relatively simple distribulion of the 

('len l'in : 111.1 magnetic fields. There is hi tilt ill huile lui \\ ay> 

fields van arrange l hemselves in :1 guide so long 
as there is no upper limit to the frequenc.v to 
he transmitted. held milli:tor:0Mo is 
railed a ntenle. All modes may lie suit:IF:0yd into 
two general groups.. One designatet.I 
Ti! Itrari,r, Ise thipité(Iir litis lilt magnetic 
fit•lil entirely transverse t., the direction of 
propagation, inti has a vomponent of elect rie 
field in that direction. The other type. desig-
mated •I'E rse el( etrir lia- the elect 1:11 . 
field entirely transverse, but has a compommt 
of magnetic. field in the direction of propaga-
thill.T:\I ‘va ves are sometimes calleil E %Y:tves, 
:Intl 'IT waves are sometimes quilled II waves, 
but the TM and IF:designations are preferred. 

'rile part ieular mode lit' transinissiiii, is 
identified by the group letters followed by two 
subscript numerals. for example, 
TM I... etc. The number of possible ! nodes in-
creases \yii l. fri,(1uency for a given size of guide. 
There is tally mit• possilth• 
slttituuiaiul mode) ir the bovest fret policy t hat 
ran lw transmitted. The dominant tootle is the 
one generally used in practieal work. 

elitrieres• s— In the rec-
tangular guide the critical ilimension i5 ! in 

251i; this dimension must be more than 
wavelength at, the I., est frequency to be 
transmit ted. In practice. t he g dimension 0511-

ally is made about equal to Mx to avoid the 
possibility of operation at other than the 
dominant mode. 

Other eross-seetional shapes than the rec-
tangle can be used, the most, important. being 
the virvular iii e. Mtleh the same considera-
tions apply as in the rectangular case. 

Wavelength formulas for rectangular and 
circular guides are given in the following table, 
where .r is the widt a rectangular guide and 
r is the radius of a ciriatlar guide. All figures 
are in terms of the dominant mode. 

Rectangular Circula, 
Cut-nff wavelentnit  2x 
Lon t!est waveleinnIt transmitted with 3.41r 

:ilienuttlinn  1.6x 3.2r 
waveletml h bet, Iro next 

1110.1.• ht,0111,1 possible  1.1x 2.8r 

(:errity res iiiii or. — At lotv and medium 
radio frecluencies l'est 1:1111 circuits usually are 
eonip.,›ed of - lumped .' 't fist of L and C; 
t hat is, I he induriance is concentrated in a coil 
and the capacity eoncent rated in a eondenser. 
lloivever. as the frequenvy is increased coils 
and condensers must be reduced (0 imprac-
ticably small physical dimensions. Up to a cer-
tain point this difficulty may he overcome by 
using linear circuits 2-12-1i , but even these 
fail at extremely high frequencies. Another 
1:ind tif eirenit particularly applivable at. \vase-
lengths of the , pier of iaaitinicters is the ear-
j y may lie hniketi upon as a 
section of a ii tu  gllide With the dittipliSi0118 

rhilseli so) III;11 waves of a given length van be 
maintain.. .1 ilIit te, 
The derivation of on.. type of cavil y resomi-

tor from an ordinary /,‘." cireitit is shown in 
Vig. 259. As in the .•;1,e of the wave-guide 
derivai ion. t his Met ore ! Oust lie aq.cepq ed wit It 
some resenuil ions, and for the same rea$011S. 

Considering t hat even a straight piece of who 
has appreciable induelance al very-high fre-
quruicies, it may he seen in leig. 259,1 and - I% 
I hat a direct short arross ti tivo-Hale con-
denser ‘‘ it h air dielectric is the equivalent of a 
tuned circuit with a typical coiled inductance. 
With two wires betivt..en the plates. as slmwn 
hi Fig. 2.-,11-t', t lie eircuit may be thought of as 

(4) 

(c) 

(E) 

(B) 

(D) 

259 Slept. in thr suris allow of a l'a% it> re.0111atOr 
from a root entional roil-andwontlenser tuned circuit. 
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a resonant-line section. For d.e. or even low 
frequency r.f., this line would appear as a short 
across the two condenser plates. At the ultra-
high frequencies, however, as shown in Fig. 
252, such a sectiim of line a ( pia rt er-wavelength 
long would appear as an oin•li circuit when 
viewed fn on one of the plati,s 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 thequivalent eirmit, as shiiwn at 
D. Eventually, the closed figure at E will be 
(leveloped. Since each wire which is added in 1) 
is like connecting inductances in parallel, the 
total induetance across the condenser heroines 
increasingly smaller as the si iii I form is ap-
proached, and the resonant frequency of the 
figure therefore beemnes higher. 

If energy from some v.h.f. source now is in-
troduced into the cavity in a manlier such as 
that slniwn at 1', the circuit will resliind like 
any equivalent coil-eondenser tank eircuit at its 
resonant frequency. A eavity resi inat.  or may 
therefore be used as a 11.11.f. tuning element, 
along with a vacuum tube of suitable design, 
to form the main components of an oseillati,r 
circuit which will In, capable of funi•I iiiuiuig Il 

frequencies eonsiderably beyond tile maxi-
mum limits possible when conventional tubes, 
coils and minimisers are empliiyed. 

1",--

SQUARE PRISM 

SPHERE 

CYLINDER 

SPHaP: 17F1 
REENTRANT CONES 

Fig. 260 — Forms of ea% it resonators. 

Other shapes than the eylinder may be used 
as resonators, among them the rectangular 
box, the sphere, and the sphere with re-entrant, 
cones, as shown in Fig. 260. The resonant fre-
quency depends upon the dimensions of the 
cavity and t he mode of oscillat ion of t he ‘va ves 
(comparable to the transniissitm modes in a 
wave guide). For the lowest modes the reso-
nant wavelengths are as follows: 

Cylinder  2.1;Ir 

Siinare box  1.411 
Sphere  2.28r 
Silere 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 measureil 
inside the cavity. Fi.g. 25lt-F shows how a 
cylindrical cavity can lie t lined when tiperating 

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. 
A form of cavil y resonal or in wide practical 

use is il re re-entrant eylindrical type shown in 
Fig. 261. It is useful in connection with vac-

..... *d 

CROSS-SECnONAL VIEW 

h'ig. 261 - - lie-entrant cylindrical cavity resonator. 

unni-tube oscillators of the types described 
for u.h.f, use ill Chapter Three. In roust ruction 
it resembles a einicentrie line closed at both 
ends with capacit y loading at the top, but the 
actual mode of oscillation may differ eonsid-
erably from that occurring ill coaxial lilies. l'he 
resonant frequency of suet' a cavity depends 
upon the diameters of the two cylinders and 
the di,tance d bet ween the ends of the inner 
and outer cylinders. 
Compared to ordinary resonant rirenits, 

cavity resonators have extremely high Q. 
A value Q of the order of 1000 or nuire is 
readily obtainable, and Q values of several 
thousand can readily be senti-eu  with good 

and construction. 
Coupfitig to ware guides and ea ri ty res-

 tors — Energy may be introduced into or 
a list rar1ed fronl a wave guide or res.inator by 
means of either the electric or magnet ii• field. 
The energy transfer frequently is through a 
roaxial t wo met hods for coupling to which 
are shown in Fig. 262. The probe shown at A 
is simply a short emension of the inner con-
ductor of t he coa MI line, so oriented t hat it 
is parallel to the electrie lines of force. The 
loop shown : it li is arranged so that it encloses 
sonic of t he magnetic lines if force. The point 
at whirl' maximum muffling will be secured 
depends upon the partieular mode of propa-
gation in the guide or cavity: the coupling 
will be maximum when the coupling device 
is in the most intense field. 

(A) (B) 
Fig. 262 -- Coupling ill wave guides and resonators. 

Colliding can be varied by turning either the 
probe in. loop thrinigh a 90-degree angle. 
When the probe is perpendicular to the elec-
tric lines the coupling will be minimum: simi-
larly, wIn,n the plane of the loop is parallel 
to the magnetie lines the coupling will have 
its least possible value. 
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2-12-C Lumped-Constant Circuits 

V.11.1. resonator circuits— At the very-
high frequencies the low values of L and C 
required make ordinary coils and condensers 
impracticable, while linear circuits offer me-
chanical difficulties in making tuning adjust-
ments over a wide-frequency range. 
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 discs combining half-turn inductance 
loops with semi-circular 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 shorticireuited-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 mount ed facing each ot her on an 
axially aligned copper rod. The capacity in t he 
circuit is that bet ween the wide shells, while the 
central rod comprises the inductance. 

Fig.263 — Concentric-
cylinder or "pot--type 
tank for v.h.f. The 
equivalent circuit dia-
gram is also shout]. 
Connections are made 
to the terminals marked 
T. For maximum Q the 
ratio of 1) to c should 
be between 3 and 5. 

"Pot"-type tank circuits— The lumped-
constant concentric-element tank in Fig. 263, 
commonly referred to as the "pot" circuit, 
is equivalent to a very short coaxial line (no 
linear dimension should exceed 1/20th wave-
length), loaded by a large integral capacity. 
The inductance is supplied by the copper 

rod, A. The capacity is provided by the con-
centric cylinders, B and C, plus the capacity be-
tween the plates at the bottoms of the cylinders. 

Approximate values of capacity and induct-
ance for tank circuits of the " pot" type can be 
determined by the following: 

L = 0.0117 log -b ph. 

0'6225 d C.1775 le) 
C log a ± mad. 

where the symbols are as indicated in Fig. 
263, and all dimensions are in inches. The left-
hand term for capacity applies to the concen-
tric cylinders, B and C, while the second term 
gives the capacity between the bottom plates. 

"Butterfly" circuits— The tank circuits 
described in the preceding section are pri-
marily fixed-frequency devices. The " butter-
fly" circuits shown in Fig. 264 are capable of 
being tuned over an exceptionally wide range, 

(C) 

e 

(E) 

Fig. 261 — "Butterfly.' tank circuits for e.h.f., showing 
front and eros,-section views and the equivalent circuit. 

while still having high Q and reasonable physi-
cal dintellSi011s. The circuit at A is derived from 
a et rti Voit tit mal balanced-type variai de condens-
er. 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 connecting 
leads and avoids all sliding or wiping electrical 
contacts to a rotating member. A disadvantage 
is that the electrical midpoint shifts from point 
3 to point 3' as the rotor is turned. Constant 
magnetic coupling may be obtained by a 
coupling loop located at point 4. however. 

In the modification shown at I), two sectoral 
stators are spaccil ISO degrees, thereby achiev-
ing the eleet rival symmetry required to permit 
tapping for balanced operation. Connections 
to t he circuit should be made at. points 1 and 2 
and it may be tapped at points 3 and 3', which 
are the electric:11 midpoints. Where magnetic 
coupling is employed, point s 4 and 4' are suit-
able locations for coupling links. 
The capacity of any butterfly circuit may be 

computed by the standard formula for parallel-
plate condensers given in Chapter 20. The 
maximum inductance can be obtained approxi-
mately by finding the inductance of a full ring 
of the same diameter and multiplying the re-
sult by a factor of 0.17. The ratio of minimum 
to maximum inductance varies between 1.5 
and 4 with usual construction. 
Any number of butterfly sections may be 

connected in parallel. In practice, units of four 
to eight plates prove most satisfactory. The 
ring and stator may either be made in one piece 
or with separate sectoral stator plates and 
spacing rings assembled with machine screws. 
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111 2-12-D Piezoelectric Crystals 
Piezoelectricity— l'roperly ground plates 

or bars of quartz and rertain tither crystalline 
mat,erials, such ; is 11.0elielle salts. show a me-
chanical strain W I WO subjerti ,d to an electric 
charge and, conversely, a differenee in po-
tential between two fares xvhen subjected to 
merhanical stress. The relatitinship between 
tnechanical force and dial nial stress under 

ii unit is known ri, the pi, zrwleelrie 
effect. The charges app.:itI Ig im the cry›tal as 
a result of mechanival force applied to 1 he rrys-
tal, or of mechaniral vilerit ion of the crystal 
itself, are termed piczoc/(ctricity. 

Piezoelectric crystals may be employed as 
(levities either for rhanging mepleiniral energy 
to eleriric ril energy crr for cluitigitig electrical 
energy lo mechanical imprgv. In the former 
catego'ry are deviees ;is crystal miero-
phones and phonograph pirktips; in the lai ter, 
erysi al headphones. cry•stal loutl-spcutl;ers and 
erys ta I rer t triliti tZ heails. 
A properly cut crystal is a ineellanival vibra-

tor electrirallv equivalent to a 7.:g .1 1.S-1.0-:,1,,sht. 

circuit of high Q, and so ,an be also used 
for many of the puritoses for whirl' ordinary 
resonant circuits are used. The resiciant. fre-
queney depends upon shape, thielowss, length 
and (III.. 

Natural quartz crystals are usually in the 
form of a hexagonal prism terminated at one 
or both ends by a six-sided pyramid. Joining 
the vertices of these pyramidal end,, and per-
pendirulat• to the planeitt lIte liexag ,, nal cross 
section, is the optical Z axis. The t 11Typ pier - 
triral or X axes lie in a plane perpendicular to 
t he optiral axis and itassing thr, ,ogli opposite 
corners of the hexagon. The three merit:tide:II 

1" axes lie in the same plane but perpen-
dicularly to the sides of the hexagon. 

Artive tlates tut, Iii titi :I W e eyStal at 
Vaeil ) 11S a Igh`S fit 11(.s i.1tt tri. eb`f ' teieal and 

mechaniral axes have differing cliararteristics 
as to thickness, frequenry-teroperature coeffi-
cient, power-handling capabilities. etr. The 
basic ruts are designated N nod after their 
respective axes, but a x-ariety of siteeialized 
cuts, surit as the AT, are in mitre common use. 

Pretittency-thickness relit,— At frequen-
cies above about 500 kr. t hiekness ttfi 
crystal is the principal frequeney-determining 
factor, the other dimensions being of relatively 
minor importance. Thickness and frequeney 
are related by a constant, K, surli that 

r = t 

where f is the frequency in megaeyeles and 
the thiekness of the crystal in toils. For the 
X-rut. = 112.6; K = 77.0; AT-cut, 
K = (16.2, BT-cut, K = 
At frequencies above about 10 Mc. the 

crystal becomes very thin anti correspondingly 
fragile, so that crystals seldom are manu-
factured for fundamt,ntal operation above titis 

frequency. 1)irect crystal control on 14 and 28 
Me. is secured by use of " harmonic" crystals, 
whirl' are ground to be active tiseillators when 
excited at, a harmonic ( usually the third). 

'Temperature coefficient 46 frequency— 
The resitnant frequeney of a crystal varies with 
temperature, the variation depending upon the 
type of cut. The frequency eltange is usually 
expressed as a coefficient, relating the number 
of eyries of frequenry change per megacycle 
per C. It may be either positive ( increasing 
frequeni•y with increasing temperature) or 
nega t ivy ( decreasing I. req uenry \ \ it it increasing 
tempera t tire). X-cut crystals have a negative 
coeilieient of 15 to 25 ryrIes,,il\lc./°C. The co-

'u -cut crystld'i tiny ‘illirY from — 20 
cvulcs'Nlc../ C. to -1-100 cycles' Niv-/°C. 
Vari at io ns in frequeney caused by tempera-

ture rhanges can be minimized by proper 
cutting i'f the plate. Ity wielding the plate 
through various angle, in relation to its optical, 
elect rival :Ind Media:Hie:II axes, a eninpensatory 
relationsliii. ran be derived between the dimen-
sions of t lie plate, it, density, and its elastic 

ble for constants the eoniponents resptinsi 
the temperature i•oellirient. 
The AT ,• lit is the type perhaps most exten-

sively ti-tid for transmitter frequency control. 
This pkite ran be ground to almost any fre-
qttency bet ween 300 and 5000 kr. 1 is eomple-
tut•ut. Ihr 13T g'ut. is used for frequenries within 
the range 15011 to HUMID kr. 

F,ir frequencies behoy 500 1:c., CT and DT 
SI ear-type cuts have been developed which 
depend not, tiprin thiel:iness but on length and 
uidth for ( It•termining frequenry. Plates of 
the CT and I)-r type vibrating at a harmonic 
titi tde are tlesignated i'l' or VT ruts. 
The li'w-drift types described above show a 

zero temperature coellittent. through only a 
few degrees of change. A pinker type of cut, 
the will drift less than 1 eyele/11,1e./°C. 
over a temperature change of 100' C. lit this 
plate a fare shear vibration is rhanged into 
two longit nelinal vibrations vomited together. 
At a ce rtain ratio of lengt II to wilt li one mode 

 -I-

(A) (B) 

(D) 
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Ma. 21,5 Nludes uif dera I ion foe ariosis u- elltS. 

A cab,t ci) a go( barmoide t below) of the 
AT and I3T cuts. 13 — Thr rut. U.- and DT 
ruts (above) and ET and FT ruts ( helms). 1)— iN'1' cut. 
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Fig. 266 — Frequency change in parts per million vs. 
variation in temperature in °C. for vario,, s erstal ruts. 

has a zero temperature coefficient, ma king it 
especially useful as a frequency stanilard. Tue 
MT cut.. which also vibrates longitudinallv, 
can be used from 50 1,, 100 kr. The NT crystal 
is a flexurally v..,ra,.ng cut having a. low tem-
perature ecellii•iunt in the range from 4 to 50 
kc. MT and NT cuts are useful for phase-
modulated f.m. transmitters. 

2-13 Miscellaneous Circuit Details 

Con.I  ' »el ¿i.e. antl lliere are many 
practical instances of simultaneous flow of 
alternating and direct currents in a circuit.. 
\\*hen t caa-nrs there is a 6,dsaling g•urrent, 
and it is said that an alternating i•tirrent is 

8//perimposed on ti direct current. As shown in 
Fig. 21;7. the maximum value is equal to the 
d.c. value plus the a.c. maximum. while the 
minimum value (oit the negative a.e. peak) is 
the differenee between the il.c. and 1 he nia ‘ i-
11111111 a.c. values. llie average value (§ 2-7) tif 
the current is simply equal to the ilirect-cur-
rent component alone. The effective value 
(§2-7) of the rombination is equal to the 
square root of the sum of the effective :ix. 
squared and the d.c. squared: 

= /*2 

where /,, . is the effective value of the ti e. 
compont0it , / is t lie effect ive value of tile ei tut-
bilmtion. : Intl I, is the average (d.e.) value of 
the combination. 
Denis— If I Wo or Inure alternating v1111111 ts 

of different freqiiencies are Itt«esent ill : I liorinal 

cirtalit t hey will have tot partirtilar elien Upoll 
one allot her :611(1 can I te separated again by the 
proper selective circuits. However, if two (( ir 
more) alt ernating currents ,,f different, frequen-
cies are present, in an element having unilateral 
(0 title-Way current flow properties. not hilly 
will the twee original frequencies be present ill 
the output but also currents having frequenvies 
equal tq, the sum. and din erence. of t he ,, riginal 
frequencies. These sum and difference frequen-
cies are railed the bred frequencies. For ex-
ample. if frequeneies of 2000 : mil 3000 kc. are 
present in a normal circuit only those two fre-
queneies exist. Ind if t hey are l tassed through a 

unilateral element there will be present in the 
output not only the two original frequencies of 
2000 and 3000 kc. but also currents of 1000 
(3000 — 2000) and 5000 (3000 2000) kc. 
Suitable circuits ean be used to select the 
desired beat frequeacy. The human ear has 
unilateral eharacterist ies and is, therefore, 
capable of heating audible beat frequencies. 
Electronic devices of this nature are called 
mixers, eonverters, and detectors. 
By-passing— In combined circuits, it is fre-

quently necessary to provi,h, a low-impedance 
path for a.c. around, for instance, a source of 
d.c. voltage. This can be done by using a by-
pass condenser, which will not pass direct cur-
rent but will readily permit the flow of alter-
nating current. The capacity of the condenser 
should be of such value that its reactance is 
low (of the order of 1/10th or less) compared 
to the a.c. impedance of the device being by-
passeil. l'he lower the reactance, the more effec-
tively will the alternating current be confined 
to the desireil p:0 It. 

Similarly, alternating current can be pre-
vent etl from flowing through a direct-eurrent 
circuit to which it may be connected by in-
serting an inductance of high reactance (called 
a choke coil) bet ween the two circuits. This will 
permit the direct current to flow without hin-
drance, since the resistance of the choke coil 
may be made quite low, but will effectively 
prevent the alternating current from flowing 
where ii s not wanted. 

If both r.f. and low-frequency (audio or 
power, currents are present in a circuit, they 
may be confined to desired paths by similar 
means, since an inductance tif high reaetance 
for radio frequencies will have negligible re-
actance at low frequencies, while a condenser 
of low reactance at radio frequencies will have 
high reart amp at It 1W frequencies. 
Gr Is The terni " ground" is fre-

quently encountered in discussions of circuits. 
Normally it means t he voltage reference point 

t'im. 
in g eurrent, cont. 

orals alternat-
varn•elt or % "It. 
-II perirtige...411111 

a stroll direct cur-
rent ler soilage. 
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in the circuit. There may or may not be an ac-
tual connection to earth. but it is understood 
that a mend in the circuit said to be at ground 
pot, r,r1 be connected to earth without 
disturbing the operation of the circuit in any 
way. In direct-current circuits, the negative 
side generally The ground symbol 
in circuit diagianis is used for convenience in 
indicating common ronnections between vari-
ous parts of the circuit, its through a metal 
chassis, and, with respect to actual ground, 
usually has the meaning indicated above. 



Chapter Dhree 

Vacuum Tubes 
3-1 Diodes 

Rectification— Practically all of the vac-
uum tubes used in radio work depend upon 
thermionic conduction (Ij 2-4) for their opera-
tion. The simplest type of vacuuni tube is that 
shown in Fig. 301. It has two elements, a cath-
ode and a plate, and is called a g/iggde. When 
heated by the " A" battery the cat ' lode emits 
electrons, whieli are attracted to the plate if the 
plate is at a positive potential with respect to 
the cathode. 
Because of the nature of thermionic eg in-

duction, the tube is a conductor in one diree-
tion only. If a source of alternating voltage is 
connected between the cathode and plate, then 
electrons will flow only on the positive half-
cycles of alternating voltage; there will be no 
electron flow during the liall cycle when the 
plate is negative with respect to 111e cathode. 
Thus the tube (* all be used as a rectifier, to 
change alternating current to pulsating direct 
current. This alternating current can be any-
thing from the 60-cycle kind to the highest 
radio frequencies. 

Rectification finds its (' bief applieations in 
detecting radio signals and in power supplies. 
These are treated in Chapters Seven and 
Eight, respectively. 
Characteristic curt-es— The performance 

of the tube can be reduced to easily understood 
terms by making use of tube characteristic 
curves. A typical characteristic curve for a 
diode is shown at the right, in Fig. 301. It 
shows the current flowing between plate arid 
cathode with different d.c. voltages applied 
between the elements. The curve of Fig. : f01 
shows that, with fixed cathode temperature, 
the plate current inereases as the voltage be-
tween cathode and plate is raised. For an ac-
tual tube the values of plate current and plate 
voltage would be plotted along their respective 
axes. 
The power consumed in the tube is the prod-

uct of the plate voltage nutItiplied by the plate 
current, just as in any d.c. cireuit. ln a varmint 
tube this power is dissipated in heat develigped 
in the plate and radiated to t he bulb. 

t.r 

11111111111 . o 
Fig. 301 — 1111. diode or two-eletuent tithe and a typical 
characteristic curve showing plate current vs. voltage. 

Space charge — With the cathode tem-
perature fixed the total number of electrons 
emitted is always the same, regardless of the 
plate voltage. Fig. 301 shows, however, that 
less plate current will flow at low plate voltages 
than when the plate voltage is large. With low 
plate voltage, only those electrons nearest the 
plate are attracted to the plate. The electrons 
in the space near the eathode, being themselves 
negatively charged, tend to repel the similarly 
charged electrons leaving the cathode surface 
and eause them to fall bark on the cathode. 
'Ili, is called the ,iggfcc-charge effect. As the 
plate yggltage is raised more alai more electrons 
are attg•acted to the pl :g It. unt il finally the space 
charge effect is completely overcome. When 
this ore tirs all the eleetrons emitted by the 
cathode are attracted to the plate, and à fur-
ther increase in plate voltage can cause no 
further increase in plate current. This condi-
tion is called saturation. 

411. 3-2 Triodes 

Gral control — If a third element, called the 
control grid, or simply t he grid, is inserted be-
tween t he cathode and plate of the diode, the 
space-eharge effect can be egad rolled. The tube 
then beeomes a trimle (three-elemen) tube) and 
is useful fur inure things than rectification. The 
grid is usually in the form of an open spiral or 
mesh of fine wire. If the grid is connected ex-
ternally to the eat hi gi le so that it is at the same 
potential as the cathode, and a steady voltage 
from a d.c. smugly is then apitlied between the 
cathode and plate ( the pggsiti ye of the " B" sup-
ply is always eunnected to the plate), there 
will be a constant flow of elect runs from cath-
ode to plate through the openings of the grid, 
much as in the diode. However, if the grid is 
given a positive potential with respect to the 
cathode, the ,pace eharge will be partially 
neutralized and there will be an it t(' iii 
plate eurrent. If the grigl is nui de negative with 
respect to the ctitligide, the space charge will 
be reinforced and due current will decrease. 

This effect of grid voltage can be shown by 
curves in whielt plate eurrent is plotted against 
grid voltage. At any given value of grid volt-
age the plate current will still depend upon the 
plate voltage, so if complete information about 
the tube is to be secured it is necessary to plot 
a series of curves taken with various values 
of plate voltage. Such a set of grid voltage vs. 
plate current euryes, typical of a small receiv-
ing triode, is sin nyn in Fig. 303. 
So long as the grid has a negative potential 

with respect to the cathode, electrons emitted 
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Fig. 302 — Illustrat-
ing the 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 indi-
cated roughly by the 
dot density. Battery 
symbols follow those 
of the usual schematit. 
diagrams, while the 
schematic tube symbol 
is shown at the right. 

SYMBOL 

by the cathode are repelled (§ 2-3) from the 
grid, with the result that no current flows to the 
grid. Hence, under these conditions, the grid 
consumes no power. However, when the grid 
becomes positive with respect to the cathode, 
electrons are attracted to it. and a current flows 
to the grid; when this grid current flows, power 
is dissipated in the grid circuit. 

In addition to the set of curves showing the 
relati,ifiship between grid voltage and plate 
current at various fixed values of plate voltage, 
two other sets of curves may be plotted to 
show the characteristics of a triode. These are 
the plate voltage vs. plate current characteris-
tic, which shows the relationship between plate 
voltage and plate current for various fixed 
values of grid voltage, and the constant-cur-
rent characteristic, which shows the relation-
ship between plate voltage and grid voltage for 
van tris fixed values of plate current. 
Amp (( — The grid evidently acts as 
val‘ t,, ', mind the flow of plate current, and 

it is lound that it has a much greater effect on 
plate current flow than does the plate voltage; 
that is, a small change in grid voltage is just 
as effective in bringing about a given change in 
plate current as is a large change in plate 
voltage. 
The fact that a small voltage acting on the 

grid is equivalent to a large voltage acting on 
the plate indicates the possibility of am pli.fica-
lion with the triode tul)e. lirai 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 ic.arly all are based upon 
this amplifying feat one. The amplified power or 
voltage output from t he tube is obtained, not 
from the tube itself. but from the source of 
e.m.f. connected between its plate and catlnale. 
The tube simply co/1/.0/x t power from this 
source, changing it to the desired form. 
To utilize the controlled power, a device for 

consuming it, or for transferring it to another 
circuit. must be connected in t be plate circuit. 
since no particularly useful purpose would be 
served in having the current merely flow 
through the till)e am) I he source of e.m.f. Such 
a device is called the bc/,/, and may be either a 
resistance or an impedance. The terni " imped-
ance" is frequently used even though the load 
may be purely resistive. 

Amplification factor — The relative effect 
of the grid and plate voltages on the plate cur-
rent is measured by the amplification factor of 
the tube, usually represented by the Greek 
letter 1.4. Amplification factor is defined as the 
ratio of the change in plate voltage required 
to produce a given change in plate current to 
the change in grid voltage required to produce 
the same plate-current change. Strictly speak-
ing, very small changes in both grid and plate 
voltage must be used in determining the am-
plification factor, because the curves showing 
the relationship between plate voltage and 
plate current, and between grid voltage and 
plate current, are not perfectly straight, espe-
cially if the plate current is nearly zero. This 
indicates that the amplification factor varies 
at different points along the curves, and dif-
ferent values will be obtained as larger or 
smaller voltage differences are taken for the 
purpose of calculating it. The expression for 
amplification factor can be written: 

E„ 

A E, 

where A E,, indicates a very small change in 
plate voltage and -I E, is the change in grid 
voltage producing the same plate current 
change. The symbol à (the Greek letter delta) 
indicates a small increment, or small change. 
The amplification factor is simply a ratio, 

and has no unit. 
Plaie resistance— Since only a limited 

amount of plate current flows when a given 
voltage is applied between plate and cathode, 
it is evident t hat the plate-cathode circuit of 
the tribe has resistance. however, there is no 
simple relationship between plate voltage and 
plate current, Si) that in general the plate cir-
cuit of the tube does not follow Ohm's Law. 
Under a given set of conditions the application 
of a given plate voltage will cause a certain 
plate current to flow, and if the plate voltage 
is divided by the plate current a " resistance" 
value will be obtained which frequently is 
called the " d.c. resi,tance" of the tube. This 
" d.c. resistance" will be different for every 
value of plate voltage and also for different 
values of grid voltage, since tire plate current 
also depends upon the grid voltage when the 
plate voltage is fixed. 

In applications of the vacuum tube, it is more 
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o J.I.1.1 
Fig. 303 — Grid voltage vs. plate current rurves at vari-
ous fixed values if plate voltage (Eh) for a is pical small 
triode. Gharacieristic curves of this type I .air he taken 
by varying the battery voltages in the circuit at the right. 
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important to know how the plate current 
changes with a change in plate voltage than it 
is to know the relationship between the actual 
values of plate current and plate voltage. The 
relationship between plate-current ehange and 
plate-vultage ehange th•tertnines the a.r. plate 
resistance uf the tube. This resistance, wit leu  us-
ually is designated r„, is significant when there 
is an a.e. component in the plate current. It can 
be found from the plate voltage vs. plate cur-
rent characteristic curves. That is, 

E,, 
r,, = 

A /,, 

where A E,, is :t small change in plate voltage 
and Ip the corresponding sinall change in 
plate current, the grit! voltage being fixed. 

Plate resistance is expressed in ohms, since 
it is the ratio of voltage to current. The value 
tif plate resistance will, in general. change with 
the particular voltages applied to t he plate and 
grid. It depends as t ell upon t lie structure of 
the tube: lowsti tubes have relatively hew plate 
resistance and high-(2 tubes have high plate 
resistance. 
Trans lactatice,— The effect of grid 

voltage upon plate tat rrent is expressed by t he 
grid-pled, I r- t ei,re»ttliirleine, of the tube. Trans-
eonductance is a general terni giving the rela-
tionship between the voltage applied to one 
electrode and the eurit n t whiell flows, as rt 
result, in a serond eleet rode. As in the previous 
two eases, it is delined t he chang, in current 
through t he second elertrode caused eV a 
change in voltage on the first. the g:ritl-
plat e transconillicta nee, commonly called t he 
mutual cand aria , is 

/p 

A E„ 

where g„, is t lie mutual conductanee, A 1,, the 
change in plate current. and A E the change in 
grill voltage, t he plate voltage being fixed. As 
before, the sign A indicates that the changes 
must he small. Tran ,roniluetanee is measured 
in since it is the ratio of current to volt-
age. The unit it-urilly enuiloyell in connectiiai 
with vacuum tubes is the micron/4o (one mil-
lionth of a mho t, because the conduetatives are 
small. Ity rtimbining n ith the tw, pre i• eding 
f ( MIMI:IS, it ran he slitiwn that g„, = r,,. 
The mutual condueta nee of a t ube is a rough 

indication of its merit as an amplifier, sinee it 

0 WO ZOO 300 
Pt,' IS voirAGE 
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Fig. -- Plate sleitage % s. plate ciirrritt cur% es at 
various fixed values of urgati% e grid voltage for the same 
triode as that used to obtain the curves in Fig. 303, 

includes the effects of both amplification factor 
and plate resistance. Its value varies with the 
voltages applied to the plate and grid. With 
the plate voltage fixed, the mutual conductance 
decreases when the grid is made increasingly 
negative with respect to the eathode. This 
charaeteristie frequently can be used to ad-
vantage in the control of amplification, since 
the amount of a mplifivation can be varied over 
wide limits simply I ty adjusting the value of a 
steady voltage applied to the grid. 

Static ant! (It nu  • • carves— Curves of the 
type slatwit in Figs. 301 and 303 are called 
static eurves. 'I'lley show the ettrrent which 
flows when various voltages are applied di-
rectly to the tube electrodes. Another useful 
set of static curves is the " plate family," or 
plate voltage vs. plate eurrent chararterist lc. A 
typiral set of curves of this type is shown in 
Fig. 
A curve sletwing the relationship between 

grid voltage and plate current when a load 
resistance is connected in the plate circuit is 
called a dam: tu ir ellararteritie enrVe. Snell 

a curve includes the effect cif the load resist-
ance, and hence is inure indientive of the per-
formance of the tube as an amplifier. With 
a fi xed value of 1d:de-supply voltage t he ro -tila! 
value of voltage between the plate and cat hide 
of the tube will depend upon the amount of 
plate current flowing, sirup the plate current 
also flows through the I, tad resistanee and 
therefore results in a voltage dn.', whieli must 

sulitraeted from the plate-supidv voltage. 
The dynainie curve includes the elect of this 
voltage drop. Consequently, the plate cur-
ri-ti t ,dways is Iiiiver. bin. a given value of grid 
bias :onl plate-supply y1.1 I age, with the hnul 
resistance in the t•ircuil than it is wit how it.. 

Representative dyna chararteristics are 
shown in luz. liti_ These were taken whit tIte 
same type of tube whose st nil curves are 
slm wti in Fig. 303. Different curves would be 
obtaint•d wit 11 different values tuf plate-supply 
voltage. E,.: this set is for a plate-supply 
voltage of 300 volts. Note that inereasing the 
value of the brail resist:me,. reduces the plate 
current at ni given bias vollitge, and also dint 
the eurves : ire straighter wit It the higher values 
of load resistance. Zero plate V1111'0111 always 
occurs :It I he Salim Vii Ili. of I IV,. grid bias, 
since at zero plate current there is no voltage 
drop in the load resistance and the full supply 
voltage is applied to the plate. 

30tl shows how the plate eurrent re-
sponds to an alternating voltage (signal) 
plied to the grid. If tint telat e current is to have 
the same waveshape as t hat of the signal, it is 
necessary to confine the operation to the 
straight :vet hut of the eurve. Tit titi this, it, is 

1,, ,;( 1,,t ,, t, alwrating near tile 

middle of the straight portion: this t per:fling 
point is determined by t he fixed voltage (bids) 
applied to the grid. The alternating signal 
voltage then adds to or subtracts from the grid 
bias, depending upon whether the instantane-
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ous signal voltage is negative or positive with 
respect to the cathode, atol causes a corre-
sponding variation in plate eurrent. 'rim maxi-
mum departure of instantaneems gr- hl voltage 
or plate current from the operating point is 
called the string. The varying plate current 
flows through the load resistanee, causing a 
varying voltage itrip whirl' constitutes the 
useful out put voltage iii the tuhe. 
The point at which the plate current is re-

duced to zero is called t col-olf point. The 
value iii negative grid voltage at which rut-uf 
occurs ilepends upon the a mplilivation fart or 
of the tube and the plate voltage. It is approxi-
mately eyla I to the plate-supply voltage di-
vided by t lie amplification factor. 

In ierelee rode en — Ally pair of 
elements in a tube forms a miniature condenser 
(§ 2-$1, and, although the rapavitie,s of these 
condensers may be only a few mieromicro-
farad, or less, t hey must frequently be taken 
into account in vacuum-tube circuits. The ca-
pacity from grid tit plate grid- platy roporily) 
has an important effevt in many applications. 
In triodes, the other capacities are the yri 
cathode anii ,i/iifi - i'uI/,i,,/, lit multi-element, 
tubes (§ 3-6), similar rapacit its exist bet W(4.11 
these and other electrodes. 1Vith siren ri-grid 
tubes, the terms ' input and ' output ea-
paeit y mean, respeetively, t he capacity meas-
ured front grid to all lit her elements connected 
together and from plate to all other elements 
connected together. The same terms : ire used 
with triodes but are Ind so easily 111 .11111', I, sinre 
the effective capacities e\isting depend upon 
the operat ing conditions , 3-3). 
Tube ratings — Specilii•Aions of suitable 

operating voltages and currents are railed lobe 
ratings. Ratings inehnle proper values for fila-
ment or heater voltage and current, plate volt,-
age and current, and similar operating specifi-
cations for ot her elements. . 111 important rating 
in power tubes is the nius.rin,,,im sit fi • plati• dissi-
pation, or the maximum pe \\ 1.1' t hitut ran be dis-
sipated continuously in heat on the plate( §3-1). 

IT 3-3 Amplification 

Principles — The operat i.111 of a simple am-
plifier, which was deseribed briefly in the pre-
ceding section, is shown in more detail in Fig. 
307. 1.11e load in the, plate cireuit is the resistor, 
Rp. For the sake of example, it is assumed 1 hat 
the plate-supply voltage is $00 volts, the nega-
tive grid bias is 5 volts, and the plate current 
at this bias when Ur is 50,000 ohms is 2 milli-
amperes (0.002 ampere). If no signal is applied 
to the grid circuit. the voltage drop in the load 
resistor is 50,000 X 0.002, or 100 volts, leaving 
200 volts between the plate and cathode. 

1f a sine-wave signal having a peak value of 
2 volts is applied in series with the bias voltage 
in the grid circuit, the instantaneous voltage 
at the grid will swing to —3 volts at the in-
stant 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 voltage is 
—3 volts and, as shown by the graph, will have 
a value of 2.65 milliamperes. The minimum 
plate current occurs at the instant the grid 
voltage is — 7 volts, and has a value of 1.35 

GRID vOLTAGE 

Fig. 303 — nantie characteristics of a small triode 
with various h;ad resistances from 5,000 to 100,000 ohms. 

ma. At intermediate values of grid voltage, in-
termediate plate-current values will occur. The 
instantaneems voltage between the plate and 
cathoele if the tube also is shown on the graph. 
When the plette current is maximum the in-
stantam•ons voltage drop in //,, is 50,000 X 
0.00265 or 132.5 volts, and when the plate 
current is minimum the instantaneous voltage 
drop in /1„ is 50,000 X 0.00135 or ti7.5 volts. 
The let oaf voltage between plate, and cat bode 
is therefore, the difference between the plate-
supply voltage, $00 volts, and these voltage 
drops in the load resistance, or 167.5 awl 239.5 
volts, respeetively. 
The varying plate voltage is an a.c. voltage 

superimposed i§ 2-13) on the steady plate-
cat hode voltage of 200 volts, which was pre-
viously determined for no-signal eonditions. 
The peak value of this me, output voltage is 
the difference Itetween either the maximum or 
minimum plate-eathode voltage and the no-
signal value of 200 volt.% lui the illustration 
this difference is 232.5 — 200 , er 200 — 167.5, 
or 32.5 volts. Since the grid signal voltage has 
a peak value of 2 volts, the voltage amplifica-
tion ratio of the amplifier is 32.5'2 or 16.25. 
That is, approximately 16 times as much volt-
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Fie. 306 — Behavior of the plate current of a vacuum 
tulle in response to an alternating signal voltage 
superimposed on a steady negative grid voltage or bias. 
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Fig. 307 --- % wieldier operation. M hen the plate current 
varies in response to the signal applied to the grid, a 
varying voltage drop appears across the hiad, 14, as 
shown hy the dashed curse, F,,. I,, is the plate current. 

age will be obtained from the plate circuit as 
is applied to the grit! el reuit. 

It will be obscrvet I that only the alternating 
plate and grid voltages enter into the calettla-
tion of the amplifieation ratio. The (I t'. plate 
and grid voltages are of course essential to the 
operation of the tube, since they :-;et t he oper-
ating in tint, but otherwise their ptesenVe may 
be ignoretl. This being the case, it is possible to 
show that the tube ra n be replaced by an 
equivalent qt ii whieh has an internal re-
sistanee equal to the :Le. plate resistance of the 
tube at the operating point chosen and 
which gener:des a voltage equal to the ampli-
fication factor of the tube multiplied by the 
signal voltage applied to the grid. The equiva-
lent general tir, together with the load resist-
ance, 1?,„ is shi ,twt, in Fig. :•; les. This shriphfi ca_ 
tion enables ready ea lculat ion of the amplifica-
tion. If the generated voltage is µE„. then the 
sanie eurrent flows through r„ anti iep. anti 

hence the voltage ( 11.1)1) across lt,„ which is the 
useful output. voltage. is 

= nE„ --
r„ 1(F 

since 1?„ and r„ toget her const it ute a voltage 
divider (§ 2-6). The volt age-a mplifirat ion ratio 
is given by the output voltage divided by the 
input colitu2.,, honey dividing the above ex-
pression by gives the following formula for 
the amplification of the tube: 

eiRe Amplification — 
-F 

This expression slit ems t hat, to obtain a large 
voltage-amplification ratio, it is nevessary to 
make the plate loatl resistance, 1?„, large corn-
pared to the plate resistance, r„, of the tube. 
The maximuni possible amplification, obtained 
when /?„ is infinitely larger than r,„ is equal to 
the et of the t ube. A t ube with a large value of bt 
will, in general, give nit ire voltage a ni pli tictttion 
than one ivith a medium or low value. How-
ever, t he :idvantage of the high a i, hiss than 
might lie expected; because a high-/i tube 
usually k' titis ti correspondingly- high value 
of so that :t high value of load resistance 
must be used to realize an appreciable part of 

the possible amplification. This in turn not only 
requires the use of high values of plate-supply 
voltage, but has some further disadvantages to 
be described later. 

Amplifiers in which the voltage output, rather 
than the power output, is the primary con-
sideration are called collage amplifiers. 
Power in grid circuit — In the operation 

depicted in Fig. 306, the grid is always negative 
wit ii respect to the cathode. If the peak signal 
voltage is larger than the lotis voltage, the grid 
will be positive with respect to the cathode 
dining part gel' toile signal cycle. ( ; rid current will 
flow during this ti toe, and the signal source 
will be called upon to furnish pf)wer during the 
period while grid current is flinving. In many 
eases the signal source is not capable of furnish-
ing appreciable power, so that care must be 
taken to avoid " drii.ing the grid pitsitive." 
When deali ii g with small signals the source 

of signal voltage frequently has high internal 
resistanee, so flint eonsiderable voltage drop 
oertirs in the souree itself whenever it is called 
upon to furnish grid eurrent. Shire this voltage 
drito occurs only during part of the cycle, the 
voltage applied t it t he grid undergites a change 
in waveshape because of the current flow. This 
is shown in Fig. 30f), where a sine-wave signal 
is generated but, because uf t he internal resist-
:owe of t he source, s di,b,rt, I at the grid of the 
tube during the time when grid eurrent flows. 

If the internal resistance of the signal source 
is low, so that t he intern:d voltage drop is 
negligible Mien (limpid flows, this distortion 
does not (teem% With stud, a source, it is pos-
sible to operate over a greater portion of the 
amplifier charaeteristie. 
Harmonic distort If the operation of 

the flaw is not (4)1110)(41 to a straight or linear 
portion of the dynamie charaeteristic, the 
waveshape of the ut oit voltage will not. be 
exactly the sanie as that of the signal voltage. 
This is shown in Fig. 310, where t operating 
point is selected so that the sigmil voltage 
swings into the curved prirt id the eleir:ieter-
istie. While the upper half- eyrie of plate cur-
rent reproduees t he sine-wave shape of the 
positive half-cyele of signal voltage, the lower 
half-eyele of plate current is eonsiderably dis-
tort (41 and be: lit t resemblance to the upper 
half-cycle of plate current. 
As explained in § 2-7, a non-sinusoidal wave-

shape can be resolved into a number of sine-
wa ve components or harmonies whirli are 
integral nuiltililes tit' the lowest fret pieney 
present. Consequently, this type of disttirtion 
is known as harmonic distortion. Distortion re-

r-

ts . 

Fig. 308 — Equiv alent 
circuit id' the Saco ..... - 
tube amplifier. The 
tu b, i„ li> ait 
Clink :dent .2enerator 
having it, internal re-
sist anee co nal to the 
a.e, plate resistance 
of the V itclaall tube. 



Vacuum Tubes 65 
suiting from grid-current flow, described in the 
preceding paragraph, also is harmonic distor-
tion. Harmonic distortion from either or both 
causes may arise in the same amplifier. 
Harmonic distortion may or may not be 

tolerable in an amplifier. At audio frequencies 
it is desirable to keep harmonic distortion 
to a minimum, but radio-frequency amplifiers 
are frequently operated in such a way that the 
r. f. wave is greatly distorted. 
Frequency distortion— Another type of 

distortion, known as frequency distortion, Oc-
curs when the amplification varies with the 
frequency of the a.c. voltage applied to the 
grid circuit of the amplifier. It is not neces-
sarily accompanied by harmonic distortion. It 
can be shown by a frequency-response curve or 
graph in which the relative amplification is 
plotted against frequency over the frequency 
range of interest. 
Resistance-coupled amplifiers— An am-

plifier with a resistance load is known as a 
"resistance-coupled" amplifier. This type of 
amplifier is widely used for amplification at 
audio frequencies. A simplified circuit is shown 
in Fig. 311, where the it is coupled to a 
following tube. Since all the power output of a 
resistance-coupled amplifier is consumed in the 
load resistor such amplifiers are used almost 
wholly for voltage amplification, usually work-
ing into still another amplifier. 
A single amplifier is called a stage of ampli-

fication, and a nutnber of amplifier stages in 
succession are said to be in cascade. 
The purpose of the coupling condenser, C., 

is to transfer to the grid of the following tube 
the ft.e. voltage developed across R. and to 
prevent the d.c. plate voltage on tube A from 
being applied to the grid of tube B. The grid 
resistor, R„, transfers t he bias voltage to the grid 
of tube B and prevents short-circuiting the a.c. 
voltage through the biiis battery. Since no grid 
current flows, there is no d.c. voltage drop in 
14; consequently the full bias voltage is ap-
plied to the grid. In order to obtain the maxi-

Fig. 309 — Distortion of ap-
plied signal because of grid-
current flow. n it h the oper-
ating point at 3 volts nega-
tive hias, grid current is ill 
flow as shins it by the curve 
whenever the applied signal 
voltage is ubre than 3 volts 
positive. If there is appre-
ciable internal t awe, as 
indicated in the second draw-
ing, there will be a voltage 
drop in the resistatire n hen-
ever current is flow in g hut 
not during the period is hin 
no current flows. The signal 
will reach the grid unchanged 
so long as the instantaneous 
voltage is less titan 3 volts 
positive, but the voltage at 
the grhl will Ice less than the 
instantaneous voltage when 
the latter is above this fig-
ure. The shape of the nega-
tive halt.cycle is unaltered. 
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Fig. 310 — 11 armonic distortion resulting from choice 
of an operating point on the curved part of the tube 
characteristic. ' Elie lower half-cycle of plate current does 
not have the same shape as the grid voltage causing it. 

mum a.c. voltage at the grid of tube B the 
reactance) of the coupling condenser must be 
small compared to the resistance of R„, so 
t hat most of the voltage will appear across R, 
rather than across C,. Also, the resistance of R, 
must be large compared to H,, because, so far 
as the voltage developed in li„ is con-
cerned, llu is in parallel with R,, and therefore 
is just as much a part of R,, as though it were 
connerted directly in parallel with it. (The 
impedance of the plate-supply battery is as-
sumed t.() be negligible, so that there is no a.c. 
voltage drop between the lower end of R„ and 
the common connection between the two 
tubes.) In practice the maximum usable value 
of R, is limited to from 0.5 to alma it 2 megoltms, 
depending upon the characteristics of the tube 
with which it is associated. If t he value is made • 
t iii) high, stray electrons collecting on the grid 
luny la it '' leak off" back to the cathode rapidly 
eli. oigh to prevent the accumulation of a nega-
tive charge on the grid. This is equivalent to 
an increase itt_the negative grid bias, and hence 
to a shift in the operating point. 

Tice equivalent circuit of the amplifier now 
i toi cides C„ R,, and a shunt capacity, C.„ which 
represents the input capacity of tube B and 
the plate-cathode capacity of tube A, to-
get lair with such stray capacity as exists in the 
circuit. The reactance of C., will depend upon 
the frequency of the voltage being amplified, 
and, since C. is in parallel with R„ and R, it also 
becomes part of the load impedance for the 
amplifier. At low frequencies — below 1000 
cycles or so — the reactance of C. usually is so 
high that it has practically no effect on the 
amplification, but, since the reactance de-
creases at higher frequencies, it. is found that 
the amplification drops off rapidly when the 
reactance of C. becomes comparable to the 
resistance of R, and R, in patallel. To main-
tain the amplification at high frequencies, it 
is necessary that R, be relatively small if C. is 
large, or that C. be small if R, is large. 
Under the best conditions, in practice C. will 

be of the order of 15 ‘µfd. or more, while it is 
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possible for it to reach values as high as a few 
hundred add. The larger values are encoun-
tered when tube B is a high-a triode, as de-
scribed in a later paragraph. Even with a low 
value of shunt capacity, the shunt reactance 

EqÉt.tvairst 

Fig. 311— Ty viral re-i..iattee-eot pled ampliliercirruitg. 

win decrease to a comparatively If 11V value at 
the upper limit of the a who-frequeney range: 
a shunting capacity of. 20 mpfd., for example, 
represents a reactance uf al mut 0.5 megohm 
at 15,000 cycles, and hence is of the saine order 
as R,, for the type of tubes with whirl' such a 
hmv value of capacity would be associat eu I. In 
order to secure the salue amplifivat ion at high 
as at low frequencies, t lierefore. it is necessary 
to sacrifice low-frequency amplification by re-
ducing the value of R,, to the point where the 
reactance of at the highest frequency of 
interest is considerably larger than R,,. 

At radio frequencies t he retreta tree of C. be-
comes so low that the a iii unt of ampliticatiiin 
it is possible to realize is negligible compared 
to that which can be old:lined in the audio-
frequency range. The resistance-mill/W(1 am-
plifier. therefore. is used principally for audio-
frequeury work. 
Impedanee-eempled amplifiers— If either 

the plate resistor or grid resistor (or both) in 
the amplifier deseribed in the preceding para-
graph is replaced by an inductanee, the ampli-
fier is said t o be impudance-respled. The i niluct-
anee or impel lance is commonly substit for 
the plate load resistor, so that the usual eireuit 
for such an amplifier is as given in Fig. 312. 

Considering the operation of the tube from 
the standpohit of the equivalent circuit of 
Fig. 308, it is evident that a voltage drop would 
exist across a reactance of suitable value sub-
stituted for the to heated load resist a ri re, 
so long as the output of the generator is alter-
nating current. From the physical standpoint, 
any change in the current flowing t hrough the 
induetance in Fig. 312 would cause a self-
induced e.m.f. having a value proportional to 
the rate of change of current and to the in-
ductance of the coil. Consequently, if an a.c. 
signal voltage is applied to the grid of the tube, 
the resultant variations in plate current cause 
a corresponding a.c. voltage to appear across 

the coil terminals. This induced voltage is the 
useful output voltage of the tube. 
The amplitude of the output voltage can be 

calculated, knowing the µ and plate resistance 
of the tube and the impedance of the load, in 
much the same way as in the case of resistance 
coupling, except that the equation must be 
modified to take aecount of the fact that the 
phase relationship between current and voltage 
is not the sanie in an impedance as it is in a 
resistance. In practiee, the itlate load induct-
ance is shunted by the tube and stray capaci-
ties of t he cireuit as well as by its own distributed 
capacity. Since the greatest amplification will 
he sr mirer  when the load impedance is as high 
as p,-.sible, the coil usually is made to have 
sullivient indtwtante so that, in combination 
with these shunting capacities, the circuit as a 
whole will be parallel-resonant at some fre-
quency near the middle of the auflio-frequeney 
range. Under these comlitions the load im-
pedance has its highest possible value, and is 
approximately resistive rather than reactive. 
The equation for amplification with resist-

anee muffling shows that, Mien 1?„ is several 
times t he plate resistance, re, a further increase 
in 1?,, results in comparatively little increase in 
amplification. The load circuit of an imped-
afire-muffled amplifier usually has an im-
pedanre value quite high hi eomparison to the 
plate resistanee of the tube with whieli it is 
used, so that the load impedance can vary over 
a considerable range without much effect on 
the amplification. This gives the impedance-
couple. I a mpli tier amplilieation vs. frequency 
characteristic ‘‘-hicli is fairly " flat" — that is, 
the amplification is practically constant with 
changes in frequency - over a considerable 
portion of the audio-frequency range. How-
ever, the performance of the impethi nee-coupled 
amplifier is not as good in finis respect as t hat 
of a well-designed resistance-col f plet1 amplifier. 

If the impedance of the load circuit is high 
compared to the plate resistance of the tube, 
which will be the case if the tube is a low-p 

ide and normal inductance values (a few 
hundred henrys) are used in the plate circuit, 

Fig. 312 - wellauee-roupled amplifier, 

the amplification in tint u 1pf j ri um frequency 
range will be practieally equal ,o the p of the 
tube. At lower frequencies t he impedance de-
CrV:ISVS 1WV:111`;1.` of thu derre:e-ing reactance of 
the roil, while at higher frequencies the hu-
tted:Hive again decreases beettuse of the de-
crensi ng react n r we of the shunt capacities. 
Thus the amplification drops off at both ends 
of the range, usually more rapidly than with 
resistance coupling. 
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The frequency-response characteristic of the 

impedance-coupled amplifier depends consid-
erably upon the plate resistance of the tube. 
If impedance coupling is used with tubes of 
very high plate resistance, the response will be 
markedly greater at the resonant frequency 
than at frequencies either higher or lower. 

Impedance coupling can be used at radio 
frequencies, since the inductance can be ad-
justed to resonate with the shunt capacities at 
practically any desired frequency. 
Transformer-coupled amplifiers — The 

coupling impedance in Fig. 31'2 may be re-
placed by a transformer, connected as shown in 
Fig. 313. A.c. voltage is developed across the 
primary of the transformer in the same way as 
in the ease of impedance coupling. The second-
ary of the transformer serves as a means for 
transferring the voltage to the grid of the fol-
lowing tube, and if the secondary has more 
turns than the primary the voltage across the 
secondary terminals will, in general, be larger 
than the voltage across the primary terminals. 

As in the case of impedance coupling, the 
effective eapaeity shunting the primary of an 
audio-frequeney transformer usually causes 
the primary circuit to be parallel-res(mant, at 
some frequency in the middle of the audio-
frequency range. At the medium audio fre-
quencies, therefore, the voltage across die 
primary is praetically equal to the applied grid 
voltage multiplied by the g of the tube. The 
voltage across the secondary %yin be the pri-
mary voltage multiplied by ti iisecon,lary-to-
primary turns ratio of the transformer, so that 
the total voltage amplification is g times the 
turns ratio. The amplificatitm at hiw frequen-
cies depends upon the ratio of the primary 
reactance to t he plate resistance of t he tube, 
as in the ease of impedance-coupled amplifiers. 

At sonic high frequency, usually in the range 
5000-10,000 cycles witl t ordinary transformers, 
the leakage inductance (§ 2-9) of the secomlary 
becomes series resonant ‘vit it the effective ca-
pacity shunting the secondary. At and near 
this resonant frequency the resonant rise in 
voltage tnay increase the amplification con-
siderably, giving rise to a " peak" in the 
frequency-response curve of the amplifier. At 
frequencies abitve this resonance point amplifi-
cation decreases rapidly, because as the re-
actance of the shunting capacity decreases it 
tends to act, more and more as a short circuit 
across the secondary of the transformer. The 
relative height of the high-frequency peak de-
pends principally upon the effective resistance 
of the secondary circuit. This effective resist-
ance includes the actual resistance of the 
secondary coil and the " reflected" (§ 2-9) plate 
resista net' of the tube, this resistanee being in 
parallel with the primary of the transformer. 
Consequently, t he heigi tt. of the peak is affected 
by the tube wit li which the trattsforttiri s used. 
The peak can he reduced by conneeting a 0.25 
to 1 megolun resistor across the transformer 
secondary. While this helps to flatten the fre-

quency response curve, it also reduces the 
amplification at medium and low frequeneies. 

Transformer coupling is most suitable for 
triodes of low or medium M and having medium 
values of plate resistance. This is because the 
primary inductance required for good am-
plificettion at low frequencies is proportional to 
the plate resistance of the tube with which the 
transformer is to be used, and in practice it is 
difficult to obtain high primary inductance, a 
large secondary-to-pritnary turns ratio (" step-
up ratio"), and low distributed capacity in the 
windings all at the same time. lnereasing the 
primary induetance usually means that the 
turns ratio must be reduced, because the in-
crease in distributed capacity as the coils are 
made larger tends to bring the resonant peak 
down to a relatively low frequency unless the 
secondary inductanee is decreased to compen-
sate for the increase in capacity. The step-up 
ratio seldom is more titan 3 to 1 in transformers 
designed for good frequeney response. 

Fig. 313 — Transtoniscr-rmipled amplifier. 

Transformer coupling can be used at radio 
frequencies if the transformers are properly de-
sigtaeil for the intro( tse. In such transformers 
either the primary or secondary (or both) is 
made resonant at the fre(piettcy to be used, so 
that maximum amplification will be secured. 
Phase ridai' s in plate and grid circuits 

— When the exciting voltage on the grid has 
its maximum positive instantaneous value, the 
plate current also is maximum (§ 3-2), so that 
the voltage drop across the resistance con-
nected in the plate circuit, of a resistance-
coupled amplifier likewise has its greatest 
value. The actual instantaneous voltage be-
tween plat e and cathode is therefore minimum 
at the same instant, because it is equal to the 
d.e. supply voltage ( which is it minus 
the voltage (Into across the load resistance. 
When the signal voltage is at its negative peak 
the plate current has its least value, with the 
result that the voltage drop in the held resist-
alive is less than at any other part of the cycle. 
At this instant, therefore, the voltage between 
plate aml cathode is maximum. 
These variations in plate-cathode voltage 

constitute the a.c. output of the tube, superim-
posed on the mean or no-signal plate-cathode 
voltage. Since the alternating plate-cathode 
voltage is deereasing when the instantaneous 
grid voltage is increasing ( becoming more 
positive with respect t.() the catimide), the out-
put, voltage is less than the mean value, or 
negative, when the signal voltage is pt isiti ve. 
Likewise, when the signal voltage is negative 
the output voltage is positive, or greater than 
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the mean value. In other words, the alternating 
plate voltage is 180 degrees out of phase with 
the alternating grid voltage. Thus there is 
a phase reversal through the amplifier. The 
relationships should become clear from the be-
havior of the signal voltage and Er in Fig. 307. 
The same phase relationship between signal 

and output voltages holds when the amplifier 
is impedance- or transformer-coupled, in the 
frequency region where the load acts like a 
parallel-resonant circuit. However, if the load 
is reactive the phase relationship is not exactly 
180 degrees but depends upon the kind of 
reactance present and the relative amounts of 
reactance and resistance. (Titis is true also of 
the. resist anee-coupled amplifier at low fre-
quencies where the reactance of the coultling 
condenser affects the amplifieatUm, or at high 
frequencies where the reamance of the shunt-
ing capacities becomes an Since the 
reactance varies with the applied signal fre-
quency, the phase relathinship between signal 
voltage and output voltage depends upon the 
frequency in such cases. 

Input capacity anti resistance — When an 
alternating voltage is applied between the grid 
and cathode of an amplifier tube, an alternat-
ing current flows through the small condenser 
formed by these elements (§ 3-2) just as it 
would in any other condenser. Similarly, an 
alternating current also flows in the condenser 
formed by the grid and plate, since there is an 
alternating difference of potential between 
these elements. Wlien the tube is amplifying, 
the alternating plate voltage and signal y t ge 

are effectively applied in series across the grid-
plate condenser, :ts indicated in Vig. 311. As 
described in the preceding paragraph, in the 
resistance-coupled amplifier the t mvii voltages 
are out of phase with respect to the cathode, 
but inspection, of the circuit shows that they 
are in pitase so far as the grid-plate condenser 
is concerned, consequently, the voltage applied 
to the grid-plate capacity is the sum of the 
alternating grid and plate voltages, or E, + Er. 
Since Er is equal to A X E„, where A is the 
voltage amplification of the tube and cirettit, 
the a.c. voltage I ni ween the grid and plate is 
E„ (1 ± A). The nitrent, /, flowing in the 
grid-plate capacity is E, (1 + divided by 
the reactance of the grid-plate ctradenser, and 
thus is proportional to the grid-plate capacity. 
The signal voltage must help in causing this 

relatively large current to flow, and, since the 
reactance as viewed from the input circuit 

Fig. 314 — The a c. vol age appearing between the 
grid and plate of the amp ifier is the sum of the signal 
voltage and the output voltage, as shown by this sim-
plified circuit. Instantaneous polarities arc indicated. 

is X, = E,/ I, the input reactance becomes 
smaller as the current becomes larger. That is, 
the effective input capacity of the amplifier is 
increased when the tube is amplifying. From 
the above, the increase in input capacity is 
approximately proportional to the voltage am-
plification of the circuit and to the grid-plate 
capacity of the tube. The total input capacity 
is the sum of the grid-cathode capacity and this 
additional effective capacity. Tite total input 
capacity of an amplifier may reach values 
ranging from 50 to a few hundred micromicro-
farads, if the voltage amplification is high and 
the grid-plate capacity relatively large. Both 
usually are true in a high-a triode. 
When the load is reactive the a.c. grid and 

plate voltages still act in series across the grid-
plate condenser, but since they are not exactly 
180 degrees out of phase with respect to the 
cathode they : ire not exactly in pitase with 
respect to the grid-plate capacity. The lack of 
exact phase relationship indicates that resist-
ance as well as capacity is introduced into the 
input circuit. Analysis shows that, when the 
reactance of the load circuit is capacitive, the 
resistance component is positive — that is, it 
represents a loss of power in the input circuit 
— and t hat when the load circuit has inductive 
react:titre the resistance component is negative. 
Negative resistance bit heat es that power is 
being suppliel to the grid circuit from the plate. 

Feed-idaci; — If some of the amplified en-
ergy in the plate circuit of an amplifier is 
coupled back into the grid circuit, the ampli-
fier is said to have feed-hack. If the voltage fed 
front the plate circuit to the grid circuit is in 
such pitase that, when it is added to the signal 
voltage already existing, the sum of the two 
voltages is larger than the original signal volt-
age, the feed-back is said to be positive. Posi-
tive feed-back usually is called regeneration. If 
regeneration exists in a circuit the total am-
plification is increased because the feed-back 
increases the amplitude of the signal at the 
grid and this larger signal is amplified in the 
same ratio, giving a greater output voltage 
than would exist if the signal voltage alone 
were present in the grid circuit. Many types of 
circuits can be used to secure positive feed-
back. A simple one is shown in Fig. 315. Tite 
feed-back coil, L, a third winding on the grid-
circuit transformer, is connected in series with 
the primary of the transformer in the plate 
circuit. so that some of the amplified voltage 
appears across its terminals. This induces a 
voltage in the secondary, S, of the grid-circuit 
transformer which, if the winding directions of 
the two coils are correct, will increase the value 
of signal voltage applied to the grid. 

Positive feed-back is accompanied by a 
tendency to give maximum amplification at 
only one frequency, since the feed-back voltage 
will tend to be highest at the frequency at 
which the original amplification is greatest. It 
therefore increases the selectivity of the ampli-
fier, and hence is used chiefly where high gain 
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and sharpness of resonance both are wanted. 

If the phase of the voltage fed back to the 
grid circuit is such that the sum of the feed-
back voltage and the original signal voltage is 
less than the latter alone, the feed-back is said 
to be negative. Negative feed-back frequently 
is called degeneration. In this case the total 
amplification is decreased, since the grid signal 
has been made smaller, and hence the amplified 
output voltage is smaller for a given original 
signal than it would be without feed-back. 
The amount of voltage fed back will depend 

upon the actual amplification of the tube and 
circuit, and if the amplification ratio tends to 
change, as it may at the extreme high or low 
frequencies in the audio-frequency range, the 
feed-back voltage will be reduced when the 
amplification decreases. For example, suppose 
that an amplifier has a voltage gain of 20 and 
that it is delivering an output voltage of 50 
volts. Without feed-back, the grid signal volt-
age required to priuluee 50 volts output is 
50/20 or 2.5 volts. But suppose that 10 per 
cent of the out put voltage ( 5 volts) is fed back 
to the grid circuit in opposite phase to the 
applied grid voltage. Then, since it is still nec-
essary to have a 2.5-volt signal to produce 

50 volts output, the applied voltage must be 
2.5 5 or 7.5 volts. Now suppose that at 
some other frequency the voltage gain drops 
to 10. Then for the same SO-volt output a 5-
volt signal is required, lut since the feel- hack 
voltage is still 5 volts the total required signal 
is now 10 volts. With feet I-back the gain in the 
first case m'aS 5;1 7.5 vgglts or 6.66 and in the 
second case 50 10 or 5, the gain in the second 
case being 75 per cent : Is high as in the first. 
Without feed-leick t he gain in the seccmd case 
was 50 per eent as high as in the first. The 
effect of feed-back therefore is to make the 
resultant gain more uniform, despite the tend-
ency of the amplifier itself to discriminate 
against certain frequencies. 

Negative feed-back also tends to decrease 
harmonic distortion arising in the plate circuit 
of the amplifier. This distortion is present in the 
amplified output voltage, but not in tlw origi-
nal signal voltage applied to the grid. The 
voltage fed hark to the grid circuit contains the 
distortion but in opposite phase to the distor-
tion components in the plate eirenit, hence the 
two tend to cancel each other. For similar 
reasons, the over-all amplification is less de-
pendent upon the value of load impedance used 
in the plate circuit; in fact, if a large amount of 
negative feed-back is used in an amplifier it is 
even possible to substitute tubes of rather 
widely different characteristics without much 
effect on the over-all performance. 

Both positive and negative feed-back may be 
applied over several stages of an amplifier, 
rather than being applied direetly from the 
plate circuit to the grid circuit of a single stage. 
Power amplification — in the types of am-

plifiers previously described, the chief consid-
eration was that of securing as much voltage 

gain as possible within the permissible. limits 
of harmonic distortion and frequency response 
characteristic. Such amplifiers are principally 
used to furnish an amplified signal voltage, 
which in turn can be supplied to a succeeding 
amplifier. If the succeeding amplifier is oper-
ated in such a way that its grid is never driven 
positive with respect to its cathode, grid cur-
rent does not flow and hence the power re-
quirements are negligibly small. However, if an 
amplifier is used to actuate some power-con-
suming device, sueh as a loudspeaker or a 
succeeding amplifier in which it is permissible 
to drive the grid into the positive region, the 
primary consideration is that of obtaining the 
maximum power output consistent with the 
permissible distortion. In such a case the volt-
age at which the power is secured is of little 
consequence. since a transformer may be used 
to change the voltage to any desired value, 
within reasonable limits. Hence, the voltage 
gain of a power amplifier is of little importance. 

In power-amplifier operation the grid may or 
may not be driven into the positive region, de-
pending upon the particular application. The 
present discussion will be confined to the triode 
amplifier operating without grid current; other 
types are considered in § 3-4. The principles 
upon which such a power amplifier operates are 
practically identical with those already de-
seribed. The chief differences between a volt-
age amplifier and a power amplifier lie in the 
selection of tubes and in the choice of the value 
of load resistance. As previously described, if 
voltage gain is the primary consideration the 
load resistance sin ut hi be as large as possible 
in comparison to the plate resistance of the 
tube. It ran be shown that. in any electrical cir-
cuit, In aximum power output is secured when 
the resistance of the load is made equal to the 
internal resistance of the source of power. This 
is true whether the power source is a battery, 
a generator or a vacuum tube. In the case of the 
vacuum tube the internal resistance is the 
plate resistance of the tube, so that for maxi- . 
mum power output the load resistance should 
be made equal to the plate resistance. How-
ever, when the tube is operated with so low a 
value of load resistance there is eu nsiderable 
harmonic distort ion, and ojttim I DI power out-
put, representing an acta.ptable compromise 
between distort ion and the power obtainable, is 
secured when the load resistance is approxi-
mately twice the pill,• h.sistance. 

411-
Fig. 3/5— Ant ement ary form of feed-back circuit. The 
feed-back may be either positive or negative, depending 
upon how the coil L is connected in the circuit. This type 
of circuit illustrates the principle of feed-back, but it is 
not practical for use in an actual audio-frequency amplifier. 
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Power-amplifier circuits— The plate or 
output circuit of a power amplifier almost in-
variably is transformer-coupled to the power-
consuming device or load with which it is asso-
ciated. This is because the impedance of the 
desired load seldom is the proper value for ob-
taining optimum power output from the ampli-
fier. Consequently, the load impedance must be 
changed to a value suitable for the plate circuit 
of the amplifier tube. This can be done by 
the use of transformers, as described in § 2-9. 

Ogled 
Tra.seormer 

oteLoad 
14- -4 

Fig. 316— An elementary power-amplifier circuit in 
which the power-v.-mewling load is coupled to the plate 
circuit through an impedance-matching transformer. 

A basic power-amplifier circuit is shown in 
Fig. 316. So long as the amplifier is operated 
entirely in the negative-grid region and no grid 
current flows, any of the previously described 
types of coupling may be usegl bet ween the 
grid of the power amplifier and the precgaling 
amplifier. If there is no preceding amplifier, the 
method of emipling will glepend principally on 
the characterist ies of the SI iii ¡'re of t he signal. 

In Fig. 31 ii tlie load is represented as a re-
sistance. An actual load may have a reactance 
as well as a resistance component, but imly 

the resistance will consume power f § 2-st. 
Power amplifien i •  ro io — The rat it of 

a.c. output power to the a.c. power consumed 
in the grid circuit (driving 'po '''r) is called the 
power amplifirotion ratio or simply p‘iw, r ii in-
plificatiou of tlie amplifier. If the amplifier 
operates without grid current the a.c. pggwer 
consumed in the grid circuit is negligibly small, 
80 that the power amplification ratio of stich an 
amplifier is extremely large. With other types 
of operation the power amplifieation ratio may 
be relatively small, as described in § 3-4. 

¡'late efficiency— The ratio of a.c. output 
power to the d.c. power supplied to the plate 
circuit is called the plate efficiency of the ampli-
fier. It is expressed as a percentage: 

P  % plate efficiency -= —„ EI X 100 

where P„ is the a.c. output power, E the plate 
voltage and I the plate current, the latter two 
being d.c. values. 
The plate efficieney of amplifiers designed 

for minimum distortion and a high power am-
plification ratio (operation without grid cur-
rent) is relatively low --- of the order of 15 to 
:30 per cent. For minimum glist..rt ion t he opera-
that must be eonfinegl to t he region where the 
waveshape of the alternating plate current is 
substantially identical with that of the signal 
on the grid, and, as previously explained, this 
requirement can be met only by limiting the 

plate-current variations (that is, the alternat-
ing component of plate current) to the straight 
portion of the dynamic grid voltage vs. plate 
current characteristie. Since with a given load 
resistance the power output is proportional to 
the square of the alternating component of 
plate current., it follows that limiting the plate-
current variation also limits the power output 
in comparison to the d.c. plate power input. 

Higher plate efficiency ' ti it be secured by 
increasing the alternating component of plate 
current, hut this is accompanied by increased 
distortii. Special types of amplifiers have 
been devised to compensate for this distortion, 
as described in the next section. In some appli-
cations, as in r.f. power amplification, the fact 
that. the signal applied to the grid is greatly 
distorted is of no consequence, so that such 
amplifiers can have high plate efficiency. 
Power sensititilY Die ratio of a.c. runver 

output to alternating grid voltage is called the 
power sensitivity of an amplifier. It provides a 
convenient measure for comparing ptover tubes, 
especially those designed for a udigi-frequency 
amplification where the operat hill is to be with-
out. grid current, since it expresses the relation-
ship between pt›wer output and the amount of 
signal voltage required to produce the power. 
The term power sensitivity also is used in 

connection with ragligt-frequency power ampli-
fiers, in which case it has I he sanie meaning as 
power amplifig.ation ratio. A tulte which de-
livers its rated output power r ill t a relatively 
small amount of power consumed in the grid 
circuit is said to have high power sensitivity. 

Parallel operation — When it is necessary 
to obtain more imiwer out put than one tube is 
capable of giving, t wo or more tubes may he 
connected in paraild. In this ease the similar 
elements in all tubes are connected together. 
This method is shown in rig. 317 for a trans-
former-coupled amplifier. The over output of 
a parallel stage will be in proportion to the 
number of tubes used; the exciting voltage re-
quired, 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 çef t uhes used. 
Push pit 1)peresi • — An increase in 

power output can be secured by egninecting 
two tubes in push-pull, the grids and plates 
of the two tubes being connected to opposite 
ends of the circuit as shown in Fig. 317. A 
"balanced" circuit, in which the cathode re-
turns are made to the midpuint of the input 
and output devices, is necessary with push-
pull operation. At any instant the ria Is of the 
secondary winding of the input transformer, 
T1, will be at opposite potentials with respect 
to the cat kink connect ion, so t hat 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 stage the 
voltages and currents of one tube are out 
of phase with those of the other tube. The 
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plate current of one tube is rising while the 
plate eurrent of the other is falling, hence the 
name " In push-pull operation the 
even-harnumie (seetaid, fourth, ete.) dist girt ii ni 
is cancelled in the symmetrieal tilate circuit, so 
that for t he .same pitwer out put the distortion 
will he less than wit h parallel operation. 
The exciting voltage measuml between the 

two grids must be twice that required for one 
tube. If the grids consume power, the driving 
power for the push-pull stage is twice that 
taken by either tube alone. 
The decibel — The ratio of the power levels 

at two points in a circuit site! as an amplifier 
can be expressed in terms of a unit called the 
decibel, abbreviated gib. The number of deci-
bels is 10 times the logarithm of the power 
ratio, or 

db. = 10 log T'2 

The deeibel is a particularly useful unit be-
cause it is logarithmie, and thus corresponds 
to the response of the human ear to sounds of 
varying loudness. One decibel is approximately 
the power ratio required to make a just no-
ticeable difference in sound intensity. Within 
wide limits, changing.the power by a given 
ratio prialuces the same apparent change in 
loudness regardless of the power level: tlaus if 
the power is doubled the inerease is 3 db., or 
three steps of intensity: if it ie doubled again 
the increase is again 3 db., or three further tlis-
tinguishable steps. Successive amplifications 
expressed in decibels can be added to obtain the 
over-all a mplificat 
A power It 'Ss : 11,41) can be expressed itt deri-

bels. A decrease in power is indieated by a 
minus sign ( e.g., — 7 ilk), anti an increase in 
power by a plus sign ( e.g., + 1 db.). Negative 
and positive quantities can be added numeri-
cally. Zero db. indicates the reference power 
level, or a power ratio of 1. 
Applica I • s of a :aide.« i •  The ma-

jor uses of vacuum-tube amplifiers in radio 
work are for amplifying at audio and radio Ire-
iItiel1ciP I§ 2-7). The audio-frequeney ampli-
fier generally is used to amplify without tits-

PUSH - PUll 

Fig. 317 Parallel aml posh-pull a. 1. amplifier eirimits. 

crimination at all frequeneies in a wide range 
(say from 100 to 3000 cycles for voice commu-
nication), and therefore is associated with non-
resonant, or untuned circuits whieh offer a uni-
form load over the desired range. The radio-fre-
queney amplifier, on the i d her hand, generally 
is used to amplify selectively at a single radio 
frequency, or over a small hand of frequencies 
at most, and therefore is associated with res-
onant, circuits tunalde to titi ulesired frequency. 
An audio-frequency amplifier may be con-

sidered a bread-hunt/ a ni jtli tier; most radio-
frequeney amiilifiers are ulesigned to have rela-
tively narrow bandwidths. 

In audio circuits the power tube or output 
tube in the last stage usually is designed to 
deliver a considerable amount of audio power, 
while requiring hut negligible power from the 
input or exciting signal. To get the alternating 
voltage (grid swing) required for the grid of 
such a tube, voltage amplifiers are used em-
ploying high -a tubes which greatly increase 
the voltage amplitude of the signal. Voltage 
amplifiers are used in the radio-freiputney 
stages tit receivers as well as in audio amplifiers; 
power amplifiers are used in the radio-fre-
quency stages of transmit t ers. 

111. 3-4 Classes of Amplifiers 

Reason for (lassifira I ion — It is convenient 
to divide amplifiers into groups according to 
the work they are intended to perform, as re-
lated to the operating conditions necessary to 
acettinplish the immense. This makes identifica-
tion easy and olwiat es the necessity for giving 
a detailed description of the operation when 
sp eilic Operating data are not required. 

Class A — An amplifier operated as shown 
in Fig. 306 or 307, it) whirl' the output, wave-
shape is a faithful reproditetion of the input 
waveshatte, is known as a Cbtss-A amplifier. 

As generally used. the grid of a Class-A 
amplifier never is driven positive with respect 
to the cathode I ty the excit ¡ hg signal, and never 
is driven so far negative that plate-eurrent 
cut-off is reached. The plate current is con-
stant luith with and without grid excitation. 
The chief characteristics of the Class-A am-
plifier are low distortion, relatively low power 
output for a given size of tube, and a high 
power-amplification ratio. The plate efficiency 
is relatively low (§ 3-3). 

( ' lass-A power amplifiers find application as 
output, amplifiers in audio systems atol as 
drivers for Class-B power amplifiers. ( lass-A 
voltage amplifiers are found in the stages pre-
ceding the power stage or stages in such ap-
plirat ions, and as r.f. amplifiers in receivers. 

Class B — The Class-B amplifier is prima-
rily one in which the output current, or alter-
nating component of the plate current, is 
proportional to the amplitude of the exciting 
grid voltage. Since power is proportional to the 
square of the current, the power output of a 
Class-B amplifier is proportional to the square 
of the exciting grid voltage. 
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slant' 
Pig. 318— Class- El 
amplifier operation. 

In Class-B service the grid bias is set so 
that the plate current is relatively low without 
grid excitation; the exciting signal amplitude is 
made such that the entire linear portion of the 
characteristic is used. Fig. 318 illustrates opera-
tion with the tube biased practically to cut-
off. In this condition plate current flows only 
during the positive half-cycle of excitation. No 
plate current flows during the negative half-
cycle. The shape of the plate current pulse is 
essentially the same as that of the positive 
swing of the signal voltage. Since the plate 
current is driven up toward the saturation 
point, it is usually necessary for the grid to be 
driven positive with respect to the catin >de 
during part of the grid swing. Grid current 
flows, therefore, and the driving source must 
furnish power to supply the grid losses. 

Class-B amplifiers are rharacterized by me-
dium power output, medium plate efficiency 
(50 to 60 per cent at maximum signal), and 
a moderate ratio of power amplification. At 
radio frequencies they are used as linear am-
plifiers to raise the output power level in radio-
telephone transmitters after modulation. 

For Class- It audio-frequency amplification 
two tubes must be used, the second tube work-
ing alternately with the first so that both halves 
of the cycle will be present in the output. A 
typical method of ad ileving this is shown in 
Fig. 319. The signal is fed to a transformer, 
7'1, whose secondary is divided into two equal 
parts, with the tube grids connected to the 
outer terminals and the grid bias fed in at 
the center. A transformer, T2, with a similarly 
divided primary, is comn•ct cd to the plates of 
the tubes. When the signal voltage in the upper 
half of Tit is positive with respect to the center 

Plate aereall 
rube 2 

Fig. 319 — Showing how the outputs of the two tubes 
in push-pull are combined in the Class-It audio amplifier. 

connection (center tap), the upper tube draws 
plate current while the lower tube is idle; when 
the lower half of 7'j becomes positive, the 
lower tube draws plate current while the upper 
tube is idle. The voltages induced in the 
primary of T2 combine in the secondary to 
produce an amplified reproduction of the signal. 

Class AD— The similarity between the 
Class-A If amplifier, Fig. 319, arid the ordinary 
push-pull circuit ( Fig. 317) will be noted. 
Actually, the only difference lies in the method 
of operation. If the hias is adjusted so that the 
titi tes draw a moderate value of idate current 
with no signal, the a miilifier will operate Class 
A at low signal voltages and more nearly Class 
13 at high signal voltages. This method gives 
lu uy distortion at moderate signal levels and 
high idate efficieney at high signal levels, 
making possible the use of relatively small 
tubes in audio power amplifiers. 
A further distinction can be made between 

amplifiers which draw grid current and those 
which do not. The Class-ABI amplifier draws 
no grid current and thus consumes no power 
fui um the driving source. The rbm,-.4132 am-
plifier draws grid current at higher signal levels, 
and power must be supplied to its grid circuit. 

51441 rig. 320 — Class-C 
a mielilier operation. 

Class C— The Class-C amplifier is one op-
erated sut that the alternating component of 
the plate eurrent is directly prgiportional to the 
plate voltage. The out put power is therefore 
proportional to ti square of the plate voltage. 
Other eharacteristics inherent to Class-C oper-
ation are high plate efficieney, high power out-
put, and relatively low power amplification. 
The grid bias is set at a value at least twice 

that required for plate-current c'ut-off without 
excitation. Thus plate current flows during 
only a fraction of the positive excitation 
cycle. The exciting signal should be of suffi-
cient amplitude to drive the plate current to 
the saturation point, as shown in Fig. 320. 
Since the grid must be driven far into the posi-
tive region to cause saturation, considerable 
numbers of electrons are attracted to the grid 
at the peak of the cycle, robbing the plate of 
some that it would normally attract. This 
causes the droop at the upper bend of the char-
acteristic, and also may cause the plate-current 
pulse to be indented at the top. The output 
wave-form is badly distorted, but at radio fre-
quencies the distortion is largely eliminated by 
the flywheel effect of the tuned output circuit. 
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([ 3-5 Cathodes; Grid Bias 

Types of cathodes — There are two general 
types of cathodes. known as directly heated and 
indirectly heated. In the former the heating cur-
rent is passed directly through the electron-
emitting material. usually a fine wire or fila-
ment. In the latter the elect nuis are entitled 
from a sleeve or thimble raised to the proper 
temperat ure by nit elect ri (.; ly-separate heat ing 
element as shown in Fig. 321. 

Directly-heated or filament-type cathodes 
may be of pure tungsten. tungsten having a 
small amount of thorium dissolved in it, or 
tungsten coated with rare earths (of irle-roated 
type). The latter give the largest ( tinount of 
electron emission per watt of heating power. 
Thoriated tungsten filaments are in 
in electron-emitting efficiency, and are used 
universally in small mid medium-power trans-
mitting tubes. Indirect1y-heated cathodes are 
invariably of the oxide-coated type. 
When directly-heated at In ides are operated 

on . alternating eurrent, the cycli(• variation of 
current causes the plate current of the tube 
to vary at ti>supply-frequency rate, producing 
hunt in the output. Hunt froto titis sinirce is 
eliminated in the indirectly heated cathode. 
This type is also known as the egai-potential 
cathode since all of it is n t the sanie poi untial, 
in contrast to the directly heated filament, 
where a voltage drop occurs ah tog the wire. 
The source of filament power for a directly 

heated cathode — battery or transformer - 
necessarily is directly connected to the tube 
circuit. With an indirectly heated cathode the 
source of heating power can be entirely inde-
pendent of the tube circuit. 
The operating temperature of a thoriated 

tungsten filament is fairly critical. and the 
specified filament voltage slatuld be main-
tained within a few per cent. These filaments, 
as well as oxide-coated cathodes, eventually 
'lose emission -; that is, the emissi(m effi-
ciency of the cathode decreases until sufficient 
electron emission for satisfactory tube oper-
ation cannot be obtained without raising the 
cathode temperature to an unsafe value. 

A B C 0. E 
big. — Type, id' cathode eoll-tructi. Direetl, 
heated cathodes or filaments are slum n at A, It, and I:. 

The inverted V filament is used in small rei ei% iii g 

tutees, the m in both re...el% hug and transinittius tubes. 
The spiral filament is a traits bbb i b ting-tulie ti pe. The 
indireet4 heated cathodes at I) and E si  tu t ty Pei 
of heater constructi tttt , one a t us isted limp and the other 
I led heater in ires. Huth Is pes tend to cancel the 
magnetic. fields set up the current through the healer. 

Cathode circuits; filament center tap — 
When a filament-type cathode is heated by 
a.c., hum can be minimized by making the two 
ends of the filament have equal and opposite 
potentials with respect to a center point, usu-
ally grounded (§ 2-13). to which the grid and 

Grid 
return. 

(A) 

Plate 
rettun 

6rat 
?wear.: 

big. 322 — Filament transformer center-tap ineetions. 

plate return circuits are connected. The fila-
ment transformer winding may be center-tapped 
for this purpose, as shown in Fig. 322-A. With 
an untapped winding, a center-tapped re-
sistor of 10 tg) 50 ohms is used, as at B. The 
by-pass condensers. C1 aun! C2. are used in 
r.f. circuits to avoid having the r.f. current 
flow t hrough t he transformer or resistor. 
The heater supply for tubes with indirectly 

heated cathodes sornetimes is center-tapped 
for the same purpose; more frequently, how-
ever, one side of theter is grounded. 
Methods of obi g grid bias — Grid 

bias may be obtained from a source of voltage 
especially provided for that purpose, such as 
a battery or other type of d.c. power supply. 
This is indicated in Fig. 323-A. A second 
method, utilizing a cathode resistor, is shown at 

(I.e. plate current flowing through the re-
sistor causes a voltage drop vchich, witInbthe 
eonnections shown, has the right polarity to 
bias the grid negatively with respect to the 
eathogle. The value of the resistor is deter-
mined by the bias required and the plate emir-
relit which flows at that value of bias, as found 
from the tube chartien‘ristie curves; with the 
voltage and current kit iwn, the resistance can 
be determined by Ohm's Law (§ 2-6): 

E X 1000 
— 

where R = cathode bias resistor in ohms 
E = desired bias voltage 
= total d.c. cathode current in milli-

amperes. 
If the t ube is a multi-element type, the screen-
and suppressor-grid currents should be added 
to the plate current to obtain the total cathode 
current. The control-grid current also should 
be inchn led if the control grid is driven positive. 

The :L c% component of plate current flowing 
through the cathialc resistor will cause an a.c. 
voltage drop ‘‘ hich gives negative feed-back 
(§ 3-3) into the grid circuit, and thus reduces 
the umplilivalion. To prevent this, the re-
sistor usually is by-passed (§ 2-13), f'.' being 
Hie cathode by-pass condenser. To be effective, 
the reactance of the by-pass condenser must be 
small eompared to If,. at the frequency being 
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amplified. This condititm generally is satisfied 
if the reactance is 10 pit tent or less of the 
cathode resistance. In audio-frequency ampli-
fiers, the lowed frequency at which full ampli-
fication must be secured should be used in cal-
culating the required capacity. 

;Signal 

S4enezi 

(B) 

Signal 

(C) 

- 13 4, 

Fig. 32.3 — The three basic methods of obtai ff tt g grill 
bias. A, fixed bias; It, cathode bias; griddcak bias. 

A third biasing method is by use tit' a grid 
leak, II, in Fig. 3234'.. This requires that the 
exciting voltage be positive with respect It, the 
cathode during part of t w eyrie, so that grid 
current will flow. The flow of grid current 
through the grid leak causes a voltage drop 
across the resistor. which gives the grid a nega-
t ive bias. Th,. 2-(1) of the grid 
leak and grid etindenser should be large in vom-
parison to the time of one eyele of the exciting 
voltage, so that t he grid bias will be substan-
tially constant• and will not follow t lie varia-
tions in a.c. grid voltage. For grid-leak bias, 

— E X 10(M) 

li„ is the grid- leak resistanre in ohms, 
E the desired bias voltage and I,, the d.c. grid 
current in ma. 

Flit. two tubes operated in push-pull or 
parallel with a ennui-ion cathode- or grid-leak 
resistor, the required resistance bectimes one-
half that for a single fillet.. In puslt-pull Class-A 
eircuits operating at audio frequencies, it is 
unnecessary to by-pass the cathode resistor. 
In this ease the a.c. component of cathode 
current in one tube is out of phase with the 
a.c. comptinent in the other, so that the two 
cancel each other. 
The chtiice of a biasing method depends 

upon t he type of operation. Fixed bias usually 
is required ‘vhere t i.e ( Le. plate current of the 
amplifier varies in operation, as io Class- 13 
audio-frequeney amplifiers; if eathode bias is 
used the bias voltage would vary with the 

plate current. Since the plate current of a 
Class-A amplifier is constant with or without 
signal, such amplifiers almost invariably have 
cathode bias. Grid-leal: has cannot be used 
with amplifiers operated so that the grid is 
always negative with respeet tie eathode, 
since in such a case there is no grid t'turent and 
hence no voltage drop in the grid leak. Grid-
leak Iiias is chiefly used ftir r. f. ptiwer amplifiers 
and for certain types of tlett•etors. In power 
amplifiers, a rombination of two or VVell all 
three types of bias may be used on one tube. 

E 3-6-A Multi -Grid Tubes 
Raelio-fretinesory altsiplificat • — As de-

scribed in § 3-.1, the reavtances of the grid-te-
eat bode atol plate-to-eathode captivities t to-
get lier with unavoidable stray captiviti(s) in a 
vacuum tube heroine very low al frequencies 
higher than the autlio-frequency range. As a 

nrclinary resist:inre. I mpedance or 1 rails-
foriner ct tupling ca tint it be used at radio 
frequencies bee:inst. I hest. eztinicities net as low-
reactance by-pass:es across t In. input. and out-
put eircuils. ! knee the lolal ittipedaiwe 
either t but. iiI tu or the grid circuit is too low 
ft t' "itnge 1" lw II('"1"1" 41. 

This sit tun itni t•an In. overettiue by using 
resonant eircuits as impedances ft ir rat ho-
frequency aniplification..1s descrili(n1 in § 2-10, 
the parallel impedance of a msotintil circuit 
can quite high. tt when the Q is iiigh. • 

N'allies of parallel-resonatit inipellanre suitable 
for effective amplification arc t.t.tidily obtain-
able with reasonably woll-designed rircuits. 
The tube awl stray vapacities become part 
of the tuning etiparity and I hi N are made to 
serve a useful purpose. Ifigvever. the circuits 
have ma xi iuitt it lillted:1111'e : It 1111. resutlintlt 

frul lucitcy only, hence the amplirtication will 
decrease at frequencies somewhat remove(' 
from resonanee. Thus a ratliti-frequeney ampli-
fier must be designed for it. frequeney. 
An elementary circuit illustrating t ht, prin-

ciples if r.f, amplification is shown in lia. 321. 
The grid circuit. /.. t(' 1, and the plate eircuit, 
L2n2, must be tutieti to the saine frequency for 
maximum a inidilical ion, lint if 1 he plate cir-
cuit is tuned slightly lo the high-frequeney 
side of resonance il will show inductive re-
actanre, and as deserilied iii 3-3 energy will 
be tninsferred from the cirettil to the 
grid eircuit under such tainditions. lf enough 
energy is transferred the tube will generate a 
self-sustaining ri. eurreiel, in which i•;1.-:e it is 
sa id to he NVIten oscillatittn 
!ponces the eircuit eptises to amplify incoming 
signals, sinve it is generatin6 a signal of its 

oNPUT 

liItFItItI 
Fig.. 32.1— El( mentar>- radio-frequency amplifier. 

C RI OUTPUT 
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own. Unfortunately, it is almost impossible 
to prevent such oscillation in a simple triode 
amplifier such as is shown in Fig. 324. 

Special " neutralizing" circuits (§ 4-7) have 
been devised to prevent. oscillation rit ti lo 
amplifiers, but nnist of these are more suitable 
for use in transmitting applications, where t he 
amplifier does not have to be tunable over a 
wide range of frequeneies, than in receivers. 
However, oscillation can be avoided by using 
a circuit. in %vhieli the feed-back is negative 
rather than positive, as indicated in the next 
paragraph. 
G led gritl timplifier — In the circuit 

of Fig. 325 the grid of the tube is connected to 
ground and the cathode is connected to the 

Input 

c, Sc 

RfCs 

IL 

+IS 

Fig. 325 — tttttt led-grid amplifier circuit. 

high-potential side of the input resonant cir-
cuit, reversing the usual connections. The 
output eireuit is eonnected in the customary 
way bet ween plate and ground. Situp the 
alternating component of plate current must 
flow t 'trough the tuned input cirettit to return 
to the cathode there is feed-back from the 
plate to the grid cireuit, but it is negative 
rather than positive feed-bark. Hence t his 
coupling bet wept' the two eireuits will not 
cause oscillation. 

However, it is si ill possible for the cireuit to 
oseillate t here is capacity coupling bet ween 
the plate and cat titi le. The grounded gr.n I 
prevents this rottpling by acting as a shield 
bet %veen t he ot her t wo elements (§ 2-11). The 
circuit is most successful with tubes having 
very low plate-to-cathode capacity. It is itsed 
principally at ultra-high frequencies (where 
the sereen-grid tubes described in the next 
paragraph become ineffeetive as amplifiers) 
with t ubes ilesigned especially for the purpose. 

r.f. chokes in the cathode circuit : ire 
used to isq t he heater from ground and t hus 
eliminate the effeet of the capapity bet ween 
cathode and lo•ater. This eapaeity ttquis to 
short -eirettit the t tined input circuit titI t hits 
prevents I he amplifier from operating properly. 

Screeri-grid tubes — Tile grid-pl:tte caintc-
ity can be eliminated, or at least rmhn.ed to a 
negligible value, by inserting a second grid 
between the control grid and the plate as indi-
cated in Fig. 326. The second grid, called the 
screen grid or shield grid, acts as an electro-
static shield (§ 2-11) between the control grid 
and plate. It is made in the form of a grid or 
coarse screen rather than as a solid metal sheet, 
so that electrons can pass through it to the 

plate; a solid shield would entirely prevent the 
flow of plate current. The screen grid is con-
nected to the cathode through a by-pass con-
denser, which has low impedance at the radio 
frequency being amplified. The electric lines 
of force from the plate terminate on the screen 
grid, very little of the field getting through to 
the control grid; similarly, the field set up by 
the control grid does not penetrate past the 
screen grid. Thus there is no common field 
between the control grid and plate; hence no 
capacity between these two tube elements. 

Since the electric field from the plate does 
not penetrate into the region occupied by the 
control grid, which is the region in which most 
of the space charge is concentrated, the plate if.; 
unable to exert an attraction upon the elec-
trons in this region. Consequently, 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 
potential (with respect to the cathode) to the 
screen. The screen then attracts electrons much 
as does the plate in a triode tube. In traveling 
toward the screen the electrons acquire veloc-

so that most of them slit tot between the 
screen wires into the field from the plate. Those 
that pass through and are attracted to the 
plate (.onstitute the plate current of the tube. 
A certain proportion do strike the screen, 
however, with the result that some current 
also flows to the screen grid. The screen cur-
rent will be low compared to t he plate current 
in a tetrode, or four-element tube, ht twever. 

.Si' lary eittiçs •  When an electron 
travding at appreciable velocity through a 
tube strikes the plate it dislodges other elec-
trons. These " splash" from t he plate into the 

PLaie-

TETRODE 

PENTODE 

SYM BOLS 

Fig. 326 — Representative arrangement of elements 
in a sereen-grid tube, with front part ut' plum and screen-
grid cut away. The screen grid miially is made longer 
than either the control grid or plate, uu that the shielding 
will lie as effective as pos,.ible, In this drawing the con-
trol grid connection is made through a cap on the top of 
the tube, thus eliminating the capacity which would ex-
ist between the plate and grid lead mires if both passed 
through the base. Some hem tubes which have both 
leads going through the base use special shielding and 
construction to eliminate capacity. Symbols for pentode 
and tetrode tubes: 11, heater; C, cathode; G, control 
grid; 1', plate; S, screen grid; Sup., suppressor grid. 
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interelement space, a phenomenon called sec-
ondary emission. In a triode ordinarily oper-
ated with the grid negative with respect to 
cathode, secondary electrons are repelled back 
into the plate and cause no disturbance. In 
the screen-grid tube, however, the positively 
charged screen attracts the secondary elec-
trons, causing a reverse current to flow be-
tween screen and plate. The effect is particu-
larly marked when the plate and screen 
potentials are nearly equal, which may be the 
case during the part of the a.c. cycle when the 
instantaneous plate current is large and the 
plate voltage low (§ 3-3). 
Pentode tubes — To overcome the effects of 

secondary emission, a third grid, called the 
suppressor grid, may be inserted between the 
screen and plate. This grid, which is connected 
directly to the cathode, repels the relatively 
low-velocity secondary electrons. They are 
driven back to the plate without appreciably 
obstructing the regular plate-current flow. 

Although the screen grid in cd her the tetrode 
or pentode greatly reduces the influence of the 
plate uptut plate-eurrent flow, it is quite ob-
vious that the control grid still can control the 
plate current in essentially the same way that 
it does in a trimie, since the tout rol grid is still 
in the space-eharge region. Consequently, the 
grid-plate transrunduct anee for in con-
ductance) of a tetnnie or p entof le will be of the 
same order of value its in a triode of corre-
sponding structure. On the other hand, since 
the plate voltage has very little effect on the 
plate-current flow, both the amplification factor 
and plate resistance of y pentode or tetrode are 
very high, as is apparent from the definitions of 
these constants (§ 3-2). In small receiving 
pentodes the amplification factor is of the 
order of 1000 or higher, while the plate re-
sistance 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. In resistance-
coupled audio-frequency amplifiers, voltage 
amplification or gain of 100 to 200 is typical. 
A typical set of characteristic curves for a 

small pentode is shown in Fig. 327. That the 
plate voltage has little effect on the plate cur-
rent is indicated by the fact that the curves are 
practically horizontal mice the plate voltage is 
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Fig. 327 — 
Plate volt-
age vs. 
plate cur-
rent curves 
for a small 
receiving 
pentode. 
Screen-grid 
voltage, 
E., is 100 
volts and 
suppressor-
grid volt. 

500 age, is 
zero. 

000 

1600 

200 ti 

BOO 
• 

400k 

Fig. 3 2 8 — 
Curves showing 
the relationship 
between mutual 
conductance vs. 
negative grid 
bias for two 
small receiving 
im•ntodes, one be-
ing a sharp cut-
off type and the 
other a vari-
able-a type. 

high enough to prevent the electrons in the 
space between the scree ii grid and the plate 
from being attracted bark to the screen. The 
plate potential at will this occurs is less than 
the screen potential, because the electrons 
entering the spare have vonsiderable velocity 
and hence tend to move away front the screen 
despite the fart that it has a positive charge. 

In addition to their applications as radio-
frequency amplifiers, pentode er tel rode screen 
grid tubes also ran be ciinstructed for audio-
frequency power amplification. ln tubes de-
signed fur this purpose the shielding effect of 
the screen grid is nut su important: the chief 
function of the screen is to serve as an ac-
celerattir of the electrons, so that large values 
of plate current etin be drawn at relatively low 
plate voltat.:es. Snell tubes have quite high 
power sensit tvtty ( ;l 3-.1) compared to triodes 
of the saint, power out put, because the amplifi-
cation factor of an equivalent triode has to be 
made quite low in order to secure the same 
plate current at the same plate voltage. Be-
cause of the low g, t he triode requires a rela-
tively large signal voltage for full output, hence 
has low power sensitivity. The harmonic dis-
tortion is somewhat greater with pentodes and 
tetrodes than with triodes, however. 

Variable-mu and sharp cut-off tubes — 
Receiving screen-grid tetrodes and pentodes 
for radio-frequency voltage amplification are 
made in two types, known as sharp cul-off 
and variable-µ or " super-control" types. In 
t he sharp cut-off type t he amplification factor 
is practically COnstalit regardless of grid bias, 
while in the variahle-g type the amplification 
factor decreases as the negative bias is in-
creased. The purpose of this design is to permit 
the tube to handle large signal voltages with-
out distortion in circuits in which grid-bias 
control is useil to vary the mutual conductance, 
and hence the amplification. 
The way in which mutual conductance 

varies with grid bias in two typical small re-
ceiving pentodes, similar except in that one is 
a sharp cut-off type and the other a variable-g 
type, is shown in Fig. 328. Obviously, the vari-
able-g type can handle a much larger signal 
voltage without .swinging beyond either the 
point of zero grid bias or of plate-current cut-
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off (zero mutual conductance), if the bias is 
properly chosen. 
Beam tubes— A " beam"-type tube is a 

tetrode with grids so constructed as to form the 
electrons traveling to the plate into concen-
trated beams, resulting in higher plate effi-
ciency and power sensitivity. Suitable design 
also overcomes the effects of secondary emis-
sion without the necessity for a suppressor 
grid. Tubes constructed on the beam principle 
are used in receivers as both r.f. and audio 
amplifiers, and are built in larger sizes for 
transmitting circuits. 

-8+ 

Fig. 329 — Pentode r.f. amplifier circuit. LI() and 
L2C2 are tuned to the saine frequeney. RI is the ea diode 
resistor, by-passed for r.f. by Ca. R2 is the screen voltage-
dropping resistor, by-passed by Ct. is the ' date by-pass. 

3-6-6 Pentode Amplifiers 

R.F. amplificat• — A fundamental eir-
euit for radio-frequency amplification with a 
pentode tube is shown in Fig. 329. l'he grid 
and plate circuits may be tuned to the sanie 
frequency, thus obtaining maxinium ampli-
fication, without danger of oscillation provided 
there is no feed-bark coupling bet ween the 
tuned circuits themselves. Practical variations 
of this circuit atol their appliea t ion to receivers 
are discussed in § 7-6 and § 7-11. 
A.F. amplification — 1Zeveiving-lype Jten-

t odes frequently are used as voltage a mi di tiers 
for audio frequencies, using the circuit slio‘vn 
in basic form in Fig. 330. In t his a pidicatitm 
they are capable of notrh higher voltage gain 
than can be obtained from triodes, : Ind have 
the advantage ( lint since there is no coupling 
from plate to grid there is no increlse in input 
capacity with amplifieation (§ 3-3). For the 
latter reason it is possible to obtain high gain, 
in resistance-coupled amplifiers, at consiiler-
ably higher frequencies than is possible with 
a triode. 
The discussion of amplification in § 3-3 

applies equally to pentodes and triodes, with 
the exception that the plate resistance of a 
pentode is so high that the amplification is 
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Fig. 330 — Typical pentode audio-frequency amplifier. 

usually considered to be proportional to the 
plate load resistance alone. For maximum 
voltage gain, R„ should have as high resistance 
as possible without. musing too great a voltage 
drop. Values range from 0.1 to 0.5 megohm. 
The value of R. depends upon 1?„, which 
principally determines the plate current.Values 
for the screen resistor, R., may vary from 0.25 
to 2 megohms. A semen by-pass condenser 
(C„) of 0.1 dd. will be adequate in most, eases. 
Table 1 in t'hapt er Fourteen shows suitable 

values for the more popular types of amplifier 
tubes. The caleulated stage gain and peak un-
distorted output voltage also are given. 

Plate and screen voltage— Since the d.c. 
plate current flows through any resistance 
placed in the plate circuit of a tube as a load 
or coupling medium (§ 3-3), the actual voltage 
at the plate is less than the supply voltage by 
the volt age drop across t he total resistance. 

With.transformer coupling this effect is not 
ordinarily of great importance, because the in-
ductance of the transformer primary provides 
a high-impedance tad at audio frequencies, 
while the d.c. resistance of the winding causes 
only a small drop in d.c. plate voltage. 

In a resistaiiee-coupled or parallel-fed stage 
the operating voltage is less than the supply 
voltage by the drop through the load resistor, 
14. Thus, in Fig. 331-A, E„ = Eb —(1,, X R„). 

Screen voltage is determined in the same way, 
using the screen current, /„, to calculate the 
drop across the screen dropping resistor, R„. 

• t 8 •lp•is 

(A) (3) (C) 
Fig. 331 - Cabida til in of plate and screen voltages. 

In Fig. 331-B bot 11 plate and sereen current 
flows t hrough a common filter resistor, so that 
both currents must be added in calculating the 
voltage drop across Rf. Thus 

E„ = Eb — 1,) ( R1) — 
= Eb — ( 1,, -I- 1.) ( R1) — 

In Fig. 331-C, the screen voltage, E., is ob-
tained from a tap on a voltage divider consist-
ing of R. and Rb. The screen voltage, E., is equal 
to the voltage drop across Rb. First assigning a 
value of bleeder current, /b (§ 8-4), this value 
is added to 1,, to obtain I., Then R. 
The voltage across Rb is the difference between 
the screen voltage and the supply voltage, or 
E, = Eb — E,, is determined as above. 
The resistance-capacity filter (§ 2-11) in 

Fig. 332, CfRi, is a decoupling circuit which 
isolates the stage from the power supply, to 
eliminate unwanted coupling between stages 
through the common impedance of the power 
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supply. Although shown in connection with a 
triode amplifier in the diagram, the same type 
of filter is used with pentodes. 

Wide-band amplifiers— Amplification of 
audio frequencies, which extend from about 50 
to 15,000 cycles, presents no particularly diffi-
cult problems so long as the design points 
discussed in § 3-3 are observed. However, for 
amplifying signals such as television signals or 
pulses having a time duration of only a few 
millionths of a second it is necessary to extend 
the frequency response of the amplifier well 
beyond the audio frequency range — and even 
well into the medium radio-frequency range. 
At the sanie time it is frequently necessary to 
extend the lower frequency limit of the ampli-
fier as well. 'Chis extension of range is made 
possible by the use of compensating circuits. 
Low-frequency compensation— While the 

amplitude response of a resistance-coupled 
amplifier usually is satisfactory at low fre-
quencies, the phase angle hit rodueed by the 
output coupling condenser and the next-stage 
grid resistor is sufficient. to prevent proper re-
production of low- frequency square waves tin-
less very large values are employed. Yet such 

large values increase 
the shunt capacity to 
ground, introduce 
grid -i' urreut difficul-
ties in the following 
stage, and may even 
induce relaxation 
osi•illations ( motor-
boat ing). 
The effet of the 

time roust ant of 
CG2RG2, Fig. 333, may lw compensated for by 
proper design of the amplifier plat e circuit . The 
design equation is Celle = GittleG2 provided t he 
resistance of the decoupling resistor, Up, is at 
least 10 times the reactance fir CF ti I tim• low-
est frequency to be amplified. 
High-frequency compensation — It was 

brought out in § 3-3 that the capacities shunt-
ing the plate load resistor are responsible for 
loss of amplifieation at the high frequel tries 
in a resistance-eoupled amplifier. If the plate 
loatl resistor is made low mime in value, the 
effect of the shunting capacities will be mini-
mized and the upper frequeney range will be 
extended, but, at the expense of gain at the 
lower frequencies. Reducing the plate load 
resistance to a value low enough to extend the 
range of uniform amplification to a few mega-
cycles would be impract ical with ordinary 
tubes, since there would I w little or no la diage 
gain, but it is quite practicable with special 
high-transconductance pentodes such as the 
6AC7 and 6AG5. These tubes will give voltage 
gains of 10 to 15 with plate load resistances 
as low as a few thousand ohms. 
A further extension of high frequency re-

sponse can be secured by special compensating 
circuits. The most. widely-used method is the 
sh Unt-peaking eireilit, with a resonating (peak-

v, 

Fig. 332 — Decoupling in a 
resistance-coupled amid ifier. 
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Fig. 333— Wide-liand frequeney-compensated amplifier. 

in g) induelance in parallel with the circuit 
capacity, as shown in Fig. 333. By resonance 
effects this raises the impedance to an extent 
and over a frequency range determined by the 
Q of the circuit consisting of L, Rp and 
Since Rr is relatively large for a resonant 
circuit, the Q is fairly low and the resonante 
curve is quite broad. This is desirable for an 
amplifier intended for wide-hanl npplications. 
The design values of L and Up are b;tsed on the 
shunt capacity, Ct, and the maximum required 
fretpiency, CI can be estimated by adding 
3 to 5 qtfd. (for socket and wiring) to the sum 
of the tube input and output capacities. 
The reactance of L is made one-half the 

reactance of C, at This is equivalent, to 
making the resonant frequency between L and 
Cs equal to 1.41 times 

Simplified design equatitnis for shunt peak-
ing compensation are as follows: 

ftp 1 = — 
21rf 

L = 0.5C1R,,2 

Typical values of Ifp are from 2000 to 
10,000 ohms; of L, from 25 to 100 ph. 
Cat both, .follower — The cathode-cou pier or 

cathode follower shown in Fig. 33.1, differs from 
a conventional amplifier in that output is 
taken from the cathode circuit rather than 
from the plate. The circuit is appliealde wher-
ever null eking lo a low value of II ti ti impedance 
(fifty to several hundred ohms) is required and 
the use of a transformer is impracticable, as 
in wide-band amplifiers. Because the cathode 
follower is inherently degenerative, it is par-
ticulady useful wherever equalized frequency 
response and minimum phase shift are impor-
tant.. Power amplification comparable to that 
of tui equivalent plate-coupled stage may be 
secured, but the voltage gain is always less 
than unity. 

Input 

(A) (13) 
Fig. .33-1— Cathode folloner or inverted amplifier cir-
cuits. A, direct-coupled output; C. resistance-capacity 
coupling to load. R, is the usual cathode-bias resistor. 
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4" 3-6-C Special-Purpose Tubes 

Multi-purpose types— A number of com-
bination types of tubes have been constructed 
to perform multiple functions, particularly in 
receiver circuits. For the most part, these are 
multi-unit tubes made up of individual tube 
element structures, comItined in a single bulb 
for compactness and economy. Among the 
simplest are full-wave rectifiers, (s)mbining 
two diodes in one envelope, and twin triodes, 
consisting of two triodes in one bulb for 
Class-B audio amplification. More complex 
types include duplex-dl le triodes, duplex-
diode pentAules, convertets and mixers ( for 
superheterodyne receivers ), t.tonbination power 
tubes and rectifiers, and st. um In many rases 
the nature ran be identified by the name. 
Mercary-rapor rectifiers— For a given 

value of plate current, t he power lost in a diode 
rectifier (§ 3-1) will be lessened if it is possible 
to decrease the plate-cat both. viiltage at which 
the current is obtained. If a small imount of 
mercury is put in the t tube, the mercury will 
vaporize when the eat Ittule is heated, and, 
further, will ionize (§ 2- I ) when plate volt age is 
applied. The positive ions neutralize t he space 
charge and recluee the plate-catInide voltage 
drop to a in:tole:My ct mst a nt value it( about 15 
volts, regardless of the value of plate ( strrent. 
Since this volt age drop is smaller than can is' at-
tained with pure!y t hermionie vonduct ion, there 
is less power loss in the reetifier. Voltage Imp 
is constant despite variations in load tstrrent. 
Mercury-vapor tubes are widely used in recti-
fiers built to deliver large power outputs. 
Grid-control rectifiers— If a grid is in-

serted in a mercury-vapor reetifier it, is found 
that with sufficient negative grid bias it is 
possible to prevent plate eurrent from flowing, 
but only if the bias is present before plate volt-
age is applied. If the hims is lowered to the 
point where plate current can flow, the mer-
cury vapor will ionize and the grid will lose 
control of plate current. since the space charge 
disappears when ionization oreurs. It can as-
sume control again only after the plate vt it age 
is reduced below the ionizing potential. The 
saine phenomenon also oceurs in triodes filled 
with other gases which ionize at low pressure. 
Grid-control rectifiers or t livra trous find con-
siderable a Pl il  t ion in " (' leet runic switching." 

tg 3-7-A Oscillators 

.seu-osemni • — An amplifier tube can be 
made to generate a sustained radio-frequency 
current t § 3- ti- A) beeause more energy is de-
veloped in the plate circuit than is required 
in the grid eireuit. 1f enough energy is fed back 
front the plate to the grid, the feed-back 
process heroines independent of any applied 
signal voltage. The tube supplies its own grid 
excitation and etnitiriimu, t»eillatium, are gen-
erated. The actual energy required to over-
come the grid losses is, in the end, taken from 
the d.e. plate supply. 

The process of oscillation may also be con-
sidered from the standpoint of negative resist-
ance. As previously described (§ 3-3), positive 
feed-back is equivalent to shunting a negative 
resistance across the input circuit of the tube. 
When the value of negative resistance becomes 
lower than the positive resistance of the cireitit 
(if the circuit is parallel resonant the posit ive 
resistance will he the resonant impedance of 
the circuit.) the net resistanee is negative, indi-
cating that the eircuit can be lotuked upon as a 
source of energy. Such a source is capable of 
maintaining a constant voltage which can be 
amplified by the tube. The actual energy, of 
course, comes front the plate circuit of the tube, 
so t hat the two viewpoints are equivalent. 

.1 circuit having the property of generating 
(lint in nous oscillations is called an oscintittir. 
It is not necessary to apply external exeita t ion 
to such a circuit, since any random varint tu in 
current will be amplified to cause 
The frequeney of oscillation will be that at 
whirl' the feed- hack voltage has the proper 
phase and amplit ude. Where resonant, eireuits 
are associat(•d )) it h oseillators, t oseillation 
frequeney is very nearly t lull uf t het tined cireuit. 

Excitati eeee and bias— The excitation volt-
age required depends upon the characteristics 
Ilf t id)(' : Ind he 11),•('S in the grid circuit. 
ln pra ically all oscillators the grid is driven 
posit ive during pail t he eyrie, su that power 
is ronsunled in the grid circuit (.•;_ 3-2). ' his 
power must lui' supplied from t he plate eircuit. 
Wit excitation, the tube will not 
oscillate; with over-excitation, the grid losses 
(power consumed in the grid circuit) will be 
excessive. 

Oscillators customarily are grid-leak biased 
(§ 3-5). This takes advantage of the grid-cur-
rent flow and gives better operation, the bias 
uoljusting itself tit the excit it: it III viii tage. 

Tank circuit — The t'est want circuit asso-
ciated with the oscillator is eosiononly called 
the lank circuit. a name derived from the 
storage of energy associated with a resonant 
circuit (§ 2-10). The term is applied to any 
resonant circuit in transmitting applications, 
whether in an oscillator or in an amplifier. 

Pia te efficiency— The plate ¡Siciency (§ 3-3) 
of an oscillator depends upon the load resist- • 
amp, excitation and other operating factors. 
Usually it is around 50 per cent. It is not as 
higli as in an amplifier, since the oscillator must 
supply its own grid losses. These may represent 
10 to 20 per cent of the output power. 

Pourer output — The pinpur ¡output of an 
oscillator is the useful a. e, power consumed 
in any load connected t.() the oseillat or. The 
load may be coupled as described in § 2-11. 
Frequency stability— The frequency sta-

bility of an oscillator is its ability to maintain 
comtant frequency. The more important fac-
tors which may i'ti use a c ti tre frequeney are 
(I) temperature, ( 2) plate vttltage, ( 3) Ii tat iii ig, 
(4) mechanical variations of circuit elements. 
Temperature changes will cause vacuum-tube 
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elements to expand or contract slightly, thus 
causing variations in the interelectrode ca-
pacities (§ 3-2). Since these are unavoidably 
part of the tuned circuit, the frequency will 
change correspondingly. Temperature changes 
in the coil or con(lenser will alter their imluct-
ance or capacity slight ly again causing a shift 
in the resonant frequency. These effects are 
relatively slow in operation, and the frequency 
change caused by them is (.1111(41 drift. 

Load variai ions act in much the saute way as 
plate voltage variations. A temperature change 
in the load may also result in drift. 

Plate-voltage variations will cause a cor-
responding instantaneous shift in frequency; 
this type of frequency shift is called dynu taie in-
stability. Dynamie instability can be re(Inced 
by using a tuned rircuit of high effective Q. 
Si nee the tul >e and it represent a relat ively 
low resistance in parallel with the circuit, this 
means that a low L/C ratio (" high-( ") must 
be used (§ 2-10) and that the circuit, should be 
lightly loaded. Dynamic stability also can be 
improved by using a high value of grid leak, 
which gives high grid bias and raises the ef-
fective resistanre of the tube as seen by the 
tank circuit, and by using relatively Itigh plate 
voltage and low ti ate current. Drift can be 
minimized by keeping the d.c. input low for the 
size of tube, by using coils of large wire to pre-
vent undue temperature rise, and by I > roviding 
good ventilation to carry off heat rapidly. A 
low L/C ratio in the tank circuit is desirable, 
because the interelect nide captivity variations 
have proportionately less effect on tIte fre-
quency when shunted by a large condenser. 

Mechanical variations, usually catised by 
vibration, cause changes in inductance and/ 
or capacity which in turn eause the frequency 
to " wobble" in step with the vibration. 

Mechanical instability can be minimized by 
using well-designed components and by in-

• sulating the escilla tor from mechinieal vibra-
thm. 

41, 3-7-B Feed-Back Oscillators 

Magnetic feeel-bad.•/: — Ouit t t r rut tif feed-
back is by electromagnetic coupling between 
plate (output) and grid ( input) circuits. Two 

representative 
eireuits of this 
type are shown 
in Fig. 335. That 

calldl the 

The amplified 

currant flowing 
ill the " tickler," 
L2, induves a 
voltage in L1 in 

(B) the proper phase 
when both coils 
are woittid in the 
same direction 
and eonnected 
as shown in the 

(A) 

C9 

Fig. 335 — ill, of oscilla-
tor circuits % ilk magnetic feed. 
lean. A, grid tickler: IS, Hartley-. 

diagram. The feed-back can be adjusted by 
adjusting the coupling between L1 and L2. 
The Hartley circuit, B, is similar in principle. 

There is only one coil, but it is divided so that 
part of it is in the plate circuit and part in the 
grid circuit. The magnetic coupling between 
the two sections provides the feed-back, which 
can be adjusted by moving t he tap on the coil. 
Capacity feed-back — The feed-back can 

also be obtained through capacity coupling, as 
shown in Fig. 336, In A, the Col pills circuit, 
the voltage across the resonant circuit is di-
vided, by means of the series condensers, into 
two parts. The instantaneous voltages at the 
ends of the circuit are opposite in polarity with 
respect to the cathode, hence in the right phase 
to sustain oscillation. The tuned-grid tuned-
plate circuit at B utilizes the grid-plate ca-
pacity of the tube to provide feed-back cou-
pling. There should be no magnetic coupling 

Areoke I>etween the t wo 
Cb tuned- circuit, 

cu ii Is. reed-back 
can he adjusted 
by varying the 
tuning of either 
the grid or plate 
circuit. The cir-
cuit with the 
higher Q 2-10) 
determines the 
frequency of os-
cil lai ion. The 
plate circuit 
must be tuned 
to a slightly 

sa higher frequency 
luau t he grid cir-
(lilt SO that, it 
will have indite-
ti ve reactance 
and hence give 
positive feed-
back (§ 3-3). 
The amount, of 

detuning is so small it, is customary to as-
sume that. the circuits are tuned to the saute 
frequenry. 
The étitra tidion circuit at (' is equivalent to 

the Colpitts, with the voltage division for 
oscillation brought about through the grid-to-
filament and plate-to-tilament capacities of the 
tube. I n t ils and in the Colpitts circuit, the feed-
back ran be controlled by varying the ratio 
of t he two capacities. In the ultraudion circuit, 
this can be done by connecting a small variable 
C011(lenser between grid and cathode. Feed-
back decreases with inereasing rapacity. 
The (devil-on-coupled oscillator — The 

effects if loading and coupling to the next 
stage can be greatly reduced by use of the 
electron-coupled circuit, in which a screen-grid 
tube (§ 3-5) is so connected that its screen 
grid is used as a plate, in conjunction with the 
control grid and cathode, in an ordinary 
triode oscillator circuit. The screen is operated 

(A) 

(B) 
L, 

(c) 

Fig. 33ei 
cillator. A, C. Apitts; It, t  
plate   .1- grid; C, ultrautlion. 
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at ground r. f. potential (§ 2-13) to act as a shield 
between the actual plate and the cathode and 
control grid; the latter two elements therefore 
must be above ground potential. The out-

- Ns. • 
Fig. 337 --- Elect rut, nip1.41 I ”. eillator circuit. 

put is taken front the plate circuit. Under these 
conditions the capacity coupling (§ 2-11) be-
tween the plate and other ungrounded tube 
elements is quite small, hence the output 
power is secured almost entirely by variations 
in the plate current caused by the varying 
potentials oh the grid and rathode. Since in a 
screen-grid tube the plate voltage has a rela-
tively small effect on the ! date current, the 
reaction on the oscillator frequency for differ-
ent conditions of loading is small. 
A Hartley circuit is used in the frequency-

determining portion of the oscillator shown 
in Fig. 337. where LiCi is the oscillator tank 
circuit. The screen is grounded for r.f. through 
a by-pass conglenser § 2-13), but has the 
usual d.c. potential. The cathode eonnection 
is made to a tap on the tank coil to provide 
feed-back. The resonant plate circuit. L2c2, 
is tuned either to the oscillation frequency or 
to a harmonic. Untuned output roui ding also 
may be used; the outIna voltage and power are 
considerably lower, but better isolation be-
tween oscillatggr and amplifier is seeured. 

If the osuillator tube is a pentode having an 
external suppressor connection the suppressor 
grid should be grounded. This provides at 

internal shielding and further isolates the 
plate from the frequency-determining circuit. 
Franklin oscillator — The Franklin oscil-

lator circuit of Fig. 333, popular abroad, has 
characteristics similar to the e.c.o. A high-gain 
feed-back amplifier is very loosely coupled to a 
tank circuit, LC, via two riaidensers, C1 and 
C2, tti extremely small capacity. So \veal: is the 
coupling that the tube eireuit lms negligible 
effect upon t he frequency-controlling tank. 

fe 

Fig. 338 — FrituLhu, master-oscillator ei•euit. 
— Approximately 1 to 2.mtftl. (adjustable). 

— 0.00 I -gird. It It,, 7,0,000 ohms. 

Crystal oscillators — Since a properly cut 
quartz crystal is equivalent to a high-Q tuned 
circuit (§ 2-10), it may be substituted for a con-
ventional tuned circuit in an oscillator to con-
trol the frequency of oscillation. A simple crys-
tal oscillator circuit is shown in Fig. 339. It is 
similar to the tuned-plate tuned-grid circuit 
except that a crystal is substituted for the 
resonnnt grid circuit . Detailed information on 
crystal oscillators is given in Chapter Four. 

Series and parallel feed— A circuit such as 
the tickler circuit. of Fig. 335-A is said to 
he series fed because the source of plate voltage 
atol the r. f. plate circuit (1 he tickler coil) are 
connected in series; hence t d.c, plate current 
flows through the coil to the plate. A by-pass 
(§ 2-13) comlenser, Ch. is etutneeted across the 
plate supply to shunt he r.f, current around 
the power source. Other exanit)les of series 
plate feed :tre shown in Vigs. 336-B and 337. 

111 sume eases the source t ti plate power must 
be conneeted in parallel with the tuned circuit 
to provide a direct-current path to the plate. 
This is Wits( rat ell in Fig. where it would 
he impossible to feed I he plate current• through 
the coil because there is :t direct connection be-
tweet> the coil and cathode. I knee the voltage 
is applied to the tdate through a radio-fre-
quency choke, which prevents the r. f. current 

Fig. 3:19 Simple erystal 
oseillator eireuit. \ I ai 
variatjouis of this basic cir-
cuit are used itt praetiee. 

from flowing tu  the Plaie supply and thus 
short-circuiting the oseillat(w. The blocking 
condenser. C6, provides a low-impedance path 
for radio-frequency current flow but is an open 
circuit for direct current (§ 2-13). Other ex-
amples of parallel feed are shown in Figs. 
336-.1 and 3311-C. 

Values for the r.f. chokes, by-pass and block-
ing condensers shown will be determined by 
the considerations outlined in § 2-13. 

(I, 3-7-C Negative Resistance Oscillators. 

.Negai re-resistance s — In ad-
dition to its ability to simulate negative 
resistance by feed-back (§ 3-7-A), a varinim 
tube van igi itself be made to show negative 
resistance by a number of arrangements of 
electrode pot entials. When a t ube sa operated 
is rtattletlett 10 a paraliel-reSOltallt etrt'lltr, 

OSetilatt011 Will be established if the negative 
resistance is less t hail the parallel impedance 
of the resonant cireuit. Typical oscillator cir-
cuits are shown in Fig. 310. 
The circuit of Fig. 3-10-A is that of the 

dynatrun oscillator, which fund hugs because 
of the secondary emission from the plate oc-
curring in certain types ill' sereen-grid tetrodes. 
The simplest. but also the least stable of the 
negative- resistance or two- terminal oscillators, 
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it makes use of the fact that the plate current 
of a screen-grid tetrode decreases when the 
plate voltage is increased at certain values of 
screen voltage, giving a negative plate-resist-
ance charaeteristic. 

In the negative-transronduct afire or trans-
itron eireatit 
shown in Fig. 
3.10-B, nega-
tive resistance 
is produced by 
virtue of the 
fact I tat, if the 
sup' aressor grid 
of a pentode is 
given negative 
bias, electrons 
w It i e li n ( ir 
ma I ly would 

Nil MI pass through 
to the plate 
are turned 
back t o the 
St' ('(' ii, t hats 
increasing the 

semen current and reversing normal tube ay-
t ion ( 1;3-2). The negative resistance produeed 
between the sereen and suppressor grids is 
sufficiently low so that a ardinary t lined eireuits 
will a»cillate readily up to 15 i".!,. or so. 

(1, 3-7-D Other Types of Oscillators 

Resistance-rapt/ray I oning— It is possil ale 
to replace the resonant circuit in an os-
cillator by a resistance-capacity combination 
having an appropriate time constant, in which 
case f =-- 1 .27,-/a'r. Moreover, by varying either 
R or e the circuit can be tuned ever a wide 

range in 
t he same 
an a 1111 
:IS an LC 
circuit. 
The two 

more com-
mon via.-
volts of 
this type 
are shown 
in Fig. 
3.11. The 

tuned os-
cillator at 
A has a 
I laree-sec-
t ia an phase-
shift ing 
net wairk 

bet \teen output and input, so ar-
rani,ed I ha Ian I enough sitbinI is tud 
out id. plia -t• : 11 i 11,•••111.c I freiillenry I -11 ,1:1111 

1,11. l'y careful feed- bark adjustment, 
excellent, sine-wave form will' good frequency 
stability may be obtained. 

(A) 

Fig. 3.10 — Negative-resistance 
oscillator circ(iiits. A, ii) na iron; 

transitron. 

Fig. 311 — It e.i.1 mice-cap:nit 
tor, ft. IS, negati‘e feed hack. 

connected 

The two-tube 1W-tuned circuit at, B is 
derived from a two-stage cascade resistance-
coupled amplifier with pentode tubes, the 
seeond tube constituting the phase-shifting 
element supplying a at .generative signal to the 
adjust:dale (7, r, and H, vombination at the 
desired frequency, while at all other frequencies 
the circuit is degenerative. 

l'haise-shift oscillators are most useful at 
audio frequencies, all hough they can be made 
to operade up to about 50 ke. 

Relaxation oseillators—There is another 
basic ('Iii 'g try of oscillators, the rela.ration 
type, in which thta oscil latj, ni frequemay is eon-
trolled not by a resamant cireatit but, by the 
reciprocating change of a eurrent or voltage 
through the charging or discharging of a 
condenser when a (•ertain critical value is 
reached. Bel:ix:al:ion oscillation requires, first, 
a means for 
charging a 
conalett,er oar 
ot her react ive 
element al a 
uniform rate 
and, seeond, 
an cans o r 
rapidly dis-
charging tItis 
condenser 
once :1 () re-
d(' t ermined 
voltage has 
been built up 

U. The 
aui iun char-
act erized by 
a period of 
rapid change 
or instability 
folk awed by a 
peria ad of rela-
ti ve ( pies-
reln.e sla-

bild y during 
w la i c• la t he 
Store al - u p 
energy transferreal or otherwise dissipated in 
the circuit. 

It elaxation oseillatcars have high laarmonic 
content ( nonsinusoidal output I and are inher-
ently unstable, permitting ready synehroniza-
tion wit la an external controlling voltage. 

In the circuit of Fig. 342-.1, the operation is 
based on the reversed screen-current or tlyna-
tron characteristic of a pentode tube, the 
frequency being determined by the rate at 
which the feed-back condenser, C, discharges 
through the tube. Apart from the frequency-
emit palling mechanism, this circuit resembles 
that, of the transitron oscillator ( Fig. 3,10- It). 

The : literal:It ivc pentode cireuit at it has the 
freapiency-eont I., Wing elements, r and in 
the phite circuit. It is capalde of operation at 
frequencies up to several hundred kilocycles, 
and affords greater control of wave form. 

(C) 

.13 

; 12 -- viral i'lla•ati, rl 

r.. 

1.0111' higli-fr.siiicnc pen-
toile circui t. ( squegging oscillator. 
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Operation of the squegging oscillator at C is 

based on the tendency of any oscillator with 
excessive feed-back to produce relatively low-
frequency intermittent oscillat -ems, contritlled 
by the rate of charge ami discharge of L2, C 
and I? through the tube grid resistance, if the 
time constant of the combination is large 
compared to the normal perit tt I of oscillation. 
The most versatile relaxai ion oscillator cir-

cuit of all, shown in Fig. 3-13, is known as the 
multiribrator. Two tubes are used with resist-
ance coupling. the out of one hate being 
fed to the input circuit of tht• other. The 
frequency of the resulting oscilla t tint is de-
termined by the time constants (§ 2-6) of the 
resistance-capacity CoMbinations. The princi-
ple of Oscillation is that of alternately switch-
ing einiduction from one tuts. to the other, with 
(me grid at eut-off and the other at zero bias, so 
that c(nainuous oscillation is maintained, the 
second tube being necessary to obtain the 
prftper phase relationship (§ 3-3) for oscillation 
when the energy is fed back. 

Alt I tough the multivibra tin. is it very unst able 
oscilla Ito., its frequency can be controlled 
readily by a small signal of steady frequency 
introduced into the cirenit. This phenomenon 
is called locking or synchronization. The output 
waveshape of the multivibrator is highly dis-
torted, hence has high harnion iv content 
(§ 2-7). A useful feature is that the ivibra-
tor can be locked at its fundamental frequeney 
by a frequency corresponding to one of its 
higher harmonies (the tenth harmonic is fre-
quently us(td), and thus the circuit can be 
used as a frequency di••ider. 

3-8 Cathode-Ray Tubes 

Principles— The cathode-ray tube is a 
vacuum tube in which the electrons emitted 
from a hot cathode are first accelerated to give 
them considerable velocity, then fortned into 
a beam. and finally allowed to strike a special 
translucent screen which fluoresces, t tr gives off 
light at the point where the beam st Tikes. A 
narrow beam of moving eleetrons is analogous 
to a wire carrying current (§ 2-1) ant I. as in 
the wire, is accompanied by eleet roslat it' and 
electromagnetic fields. Hence the beam tan be 
moved laterally, or deflected, by electric or 

Heater Cathode 
leifk-voltaoe anode 
(Anode go. 2) 

magnetic fields. Such fields exert a force on the 
beam in much the same way as on charged 
bodies or on wires carrying current (§ 2-3, 2-5). 

Since the cathode-ray beam consists only of 
moving electrons, its weight and inertia are 
negligibly small. For this reason, it ean be made 
to follow instantly the variations in periodically 
changing fields even at radio frequencies. 

Electron gun — The electrode arrangement 
which forms the electrons into a beam is called 
the dui-Iron gun. In the simple tube structure 
slit twit in Fig. 311. the gun 
consists of the cathode, 
grill, and anodes Nos. 1 and 
2. The intensit y of t he elec-
tron beatn is regulated by 
the gri(I in the sanie way as 
in an ordinary I tite (§ 3-2). 
Anode Nit. I is operated at 
a positive ti ' lit with 
respect to t he viit liude, thus 
acettlerating the electrons 
which pass through the 
grid, and is provided with 
small :uteri ii t'es through which the electron 
stream passes. On emerging from the apertures 
the elect runs : ire traveling in practically paral-
lel st I.:tight-line paths. The electrostatic fields 
set up by t he potentials on anode No. 1 and 
anode No. 2 form an electron lens system, com-
parable to an optical lens, which makes the 
elect ron It:1111s converge to a point at the 
fluorescent semen ill much the same way that a 
glass lens takes parallel rays of light and brings 
them to a point focus. Focusing or t he eleet ron 
beam is aceomplished by varying t he poten-
tials on the :unities, the potential in turn de-
termining the st rengt li of the field. The poten-
tial on anode No. 2 is usually fixed, while t hat 
on anode No. 1 is varied to bring the beam into 
focus. Anode No. 1 is, therefore, called the 
focusing clerltmle. 

Shari wst foeus is obtained when the elec-
trons of t he beam have high velocity, so that 
relat ively high ( I.e. potentials are common with 
cathode-ray tubes. However, the current re-
quired is sit tall. so t hat the power consumption 
is negligible. A second grid may be placed be-
tween the contnd grid and anode No. 1, for 
additional areeleration of the electrons. 

Vertical 
deflecting 
plates 

c°= tede elect rode eir iq 4a1 
emodem..9 

Glass 
envelope 

Fig.:113 — The 1-
tiv ihrator, or re-
laxation oscillator. 

Electron beam., 

fluorescent screen 

Fig. 3.1.4 — 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-capacity conductors carried inside the envelope to the base. 
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1818 
(A) (3) 

11 1818 
(c) (D) (E) (F) (G) 

Fig. 345 — Spot diagrams showing the position of the cathode-ray beam on the fluorescent screen for different 
deflector potentials. A — Both deflectors at zero potential. 11— Positive potential on right ho r iz .. ntal deflector. 
C — Positive potential on upper vertical deflector. D, E, F, G — Equal positive potentials on adjacent plates. 

Methods of dellect• When focused. 
the beam from the gun produces only a small 
spot, on the screen, as deseribed above. How-
ever, if after leaving the gun the beam is de-
flected by either magi or electrostatic 
fields, the spot will move across the screen in 
accordance with the force exerbal on the beam. 
lf the motion is rapid, t he path of the spot 
(tracc) appears as a dull inuous 

Electrostatic deflection. time type generally 
used in the smaller tubes, is prinlueed by de-
flecting plutes. Two sets id plates are placed at-
right angles to each 't lier. as indicated in Fig. 
344. The fields are ereated by applying suitable 
voltages between the two plates of each pair. 
Usually one plate of earl' pair is connected to 
anode No. 2, to establish I he polarities (§ 2-3) 
of the vertical and horizontal fields with respect 
to the beam and to earl( mg her. 
Tubes for magnet ic deflertion use the same 

type of electron gun, lint have no deflection 
plates. Instead, t lie deflecting fields are set up 
by means of coils corresponding to the plates 
used in tubes having duet rostatie deflection. 
The coils are external to the t tbe, as shown in 
Fig. 346, but are mounted close to the glass 
envelope in the relative positions occupied by 
electrostatic deflection plates. Coils i1 and A2 
are connected so their fields aid and their axes 
are on the same line through t he tuls‘. Coils B1 
and B2 likewise are comitiuttil uct Ii fields aiding 
and are aligned along the same a \is through t he 
tube, but perpendieula I r.y 10 tIR. . 11.12 axis. 

Fluorescent screens— TI ,u, hint weseel it screen 
materials used have varying rharaeteristics, ai -
cording to the type of work for which the tube 
is intended. The spot color is green, white, 
yellow or blue, depending upon the screen 
material. The persisfruce of the screen is the 
time duration of the after-glow which exists 
when the excitation of the electron beam is 
removed. Screens are classified as long-, 

Caill 1 

(g: 

) Gna 

dude Not 82 

Anode No.2 
Al B, 

Fig. 346 — A cathode-ray tube with magnetic dace-
'  ' lite gun is the saute as in the electrostatic-dellee-

ti   tube shown in Fig. ID, but the beam is deflected by 
magnetic instead of electric fields. Actual deflection coils 
lit closely to the neck of the tube, so that the field 
will be as strong as possible for a given coil current. 

medium- and short- persist tutu types. Small 
tubes for oscilloscope use usually have medium-
persistence screens of greenish fluorescence. 
Tube circuits — A representative cathode-

ray tube circuit with electrostatic deflection is 
shown in Fig. 347. One plate of each pair of de-
flecting plittes is connected bi anode No. 2. 
Shire the voltages required normally are rather 
high, the positive terminal of the supply is 
usually grounded (§ 2-13) so that the common 
defleetion plates will be at ground potential. 
This places the cathode and other elements at 
high potentials above ground, hence these ele-
ments must be well insulated. The various 
dent ri  v(iltages are obtained from a voltage 
divider (§ 2-6) across time high-voltage d.e. 
supply. 113 is a variable divider or " potenti-
ometer" for adjust i ng the negative bias on the 
collared grid and t hereby varying the beam cur-
rent; it is called the intensity or brightness con-
trol. The focus, or sharpness of the luminous 
spot formed on the sereen by the beam, is con-
trolled by R2, which ehanges the ratio of the 
anode No. 2 and anode No. 1 voltages. The 
focusing and intensity controls interlock to 
some extent, and the sharpest focus is obtained 
by keeiming the beam current low. 

I )( girding voltages for the plates are applied 
to t he t erminals marked " vert " and " hori-
zontal." 114 alld R5 drain off any ilUcumulation 
of charge on the deflect i rig plates. I sually some 
provision is made to ti it an adjustable d.c. 
voltage on each set of plates, so t hat the spot 
can be " centered" when stray electrostatic or 
magnet it fields are present ; t he adjustable 
voltage neutralizes the effect of suck fields. 
The tube is mounted so that e me set of plates 

produces a horizontal line when a varying volt-
age is applied to it, while time other set of plates 
produces a vertical line under similar condi-
tions. They are called, respectively, the " hori-
zontal" and " vertical" plates, but which set 
of art ual plates produces which line is simply a 
mat ltr of how the tube is mounted. It is usually 
necessary to provide a mounting which can be 
rid at ed to some extent, so that the lines will 
act ually be horizontal and vertical. 
Power supply— The (I.e. voltage required 

for operation of the tube may vary from 500 
volts for the miniature type ( 1-inch diameter 
screen) to several thousand volts for the larger 
tumbes. The current, however, is very small, so 
that the power required likewise is small. Be-
cause of the low current drain, a power supply 
with half-wave rectification (§ 8-3) and a single 
0.5- to 9.-afd. filter condenser is satisfactory. 
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11, 3-9 The Oscilloscope 

Description— An oscilloscope is essentially 
a cathode-ray tube in the basic circuit of Fig. 
347, but with provision for supplying a suitable 
deflection voltage on one set of plates (ordi-
narily those giving horizontal deflection). The 
deflection voltage is the time base or sweep. 
Oscilloscopes frequently are also equipped with 
vacuum-tube amplifiers for increasing the am-
plitude of small a.c. voltages to values suitable 
for application to the deflecting plates. These 
amplifiers ordinarily are limited to operation 
in the audio- or video-frequency range. 
Formation of patterns— When periodi-

cally varying voltages are applied to the two 
sets of deflecting plates, the path traced by the 
fluorescent spot forms a pattern which is sta-
tionary so long as the amplitude and phase re-
lationships of the voltages remain unchanged. 
Fig. 348 shows how such patterns are formed. 
The horizontal sweep voltage is assumed to 
have the " sawtooth" waveshape indicated; 
with no voltage applied to the vertical plates 
the trace simply sweeps from left to right 
across the seeen along the horizontal axis 
X-X' until the instant H is reached, when it 
reverses direction and returns to the starting 
point. The sine-wave voltage applied to the 
vertical plates similarly would trace a line 
along the axis Y-Y' in the absence of any de-
fleeting voltage on the horizontal plates. How-
ever, when both voltages are present the posi-
tion of the spot at any instant depends upon 
the voltages on both sets of plates at that in-
stant. 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 posi-
tions, which are taken at equal time intervals. 

SECT 

115 V.A.C. 

Fig. 347 — Cathode-ray tube cirm it. Typical values for 
a 3-inch (sereen-diameter) tube such as the 3AP1/906: 
R4, Rs — 1 to 10 rnegohms. R2 — 0.2 megohm. 
R3 - 20,000 ohms. 112 — 0.5 megohm. 

Vert. 

Nos 

VERTICAL 

14 

TIME —••• 

Fig. 348 — A .e. volt-
age waveshape as 
viewed on an oscil-
loscope screen, 
showing the forma-
tion of the pattern 
from the horizontal 
(sawtooth) and ver-
tical sweep voltages. 

HORIZONTAL 

Types of sweeps— A sawtooth sweep-volt-
age waveshape, such as is shown in Figs. 348 
and 350 is called a linear sweep, because the de-
flection 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 (II) to the beginning (I 
or A) of the horizontal trace, would be zero, so 
that t he line Ill would be perpendicular to the 
axis Y-Y'. Although the fly-back time cannot 
be made zero in practicable sweep-voltage gen-
erators it can be made quite small in compari-
son to the tinte of the desired trace AH, at least 
at most frequencies within the audio range. The 
fly-back time is somewhat exaggerated in Fig. 
345, to show its effect on the pattern. The line 
H'I' is called the rrtur,t trace; with a linear 
sweep it is less brilliant than the pattern, be-
cause 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 applied to the 
vertical plates in the same way in which it is 
usually represented graphically (§ 2-7). 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 voltage 
will appear in the pattern. The shape of only 
the last cycle (or the last few cycles, depending 
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. 

Although the linear sweep generally is most 
useful, other sweep waveshapes may be desira-
ble for certain purposes. The shape of the pat-
tern 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 horizontally in the 
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center of the pattern than it does at the ends. 
If two sinusoidal voltages of the same frequen-
cy are applied simultaneously to both sets of 
plates, the resulting pattern may be a straight 
line, an ellipse or a circle, depending upon the 

Output' 

•B 
Fig. 349 - A linear-sweep oscillator using a gas triode. 
Cm — 0.001 to 0.25 pfd. C3 — 0.1 µM. 
C2— 0.5 dd. C4 — 25 µfil. 25-volt 
lit — 0.3 to 1.5 inegoluns. electrolytic. 
liz — 2000 ohms. 114 — 25,000 ohms. 
lis — 0.25 megoltm. — 0.1 megolun. 
The -1i- suppls si 1.1 delis er 300 % oh, Ct and R. are 
proportioned to gi% e a suitable sueett frettuent• r. the 
higher the t inie eon st an t (§ 2-6), the tosser the fee.i...•ney. 
R4 11. s grid-current (low during the deionizin g period, 
when positive ions are at to the 'legalise grid. 

amplitude and phase relationships. If the fre-
quencies are harmonically related (§ 2-7) a 
stationary pattern will result, but if one fre-
quency is not an exact harmonic of t he ether 
the pattern will show continuous mot nu. This 
is also the case when a linear sweep circuit is 
used; the sweep frequency and the frequency 
umler observation must be harmonically re-
lated or the pattern will not be stationar.y. 
The sweep generator dfit-s not ordinarily 

function as a self-controlled oscillator but 
rather as an externally contndled or synchro-
nized oscillator which supplies voltage of the 
required waveform at the saine fre<piency as 
tlw signal under study, or a sub- multiple 
thereof. 

Siceep circuits — A sinusoidal sweep is easi-
est to obtain, since it is possible to apply a.c. 
voltage from the power line, either directly or 
through a suitable tratisformer, to the hori-
zontal plates. A %/aria ble voltage divider or 

eittiometer may be used to regulate the 
width of the horizontal trace. 
A typical circuit for a linear sweep generator 

is shown in Fig. 349. The tube is a gas triode or 
grill-mint rol rectifier ( § 3-6-C). 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. 

Fig. 350 —  
Condenser 
charging curves 
showing how a 
sawtooth wave 
is produced by 
a gaseous-tube 
linear sweep 
oscillator. 

When plate voltage, e„ is applied, the con-
denser, C1, acquires a charge through RI. As 
shown in Fig. 350, the charging voltage rises 
relatively slowly, as shown by the solid line, 
until the breakdown or flashing point, VI, 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, the ionization is extinguished and CI 
once more charges through R. If R1 is large 
enough, the voltage across CI rises linearly 
with time, Li, up to the breakdown point. This 
linear voltage change is used for the sweep, 
being applied to the cathode-ray tube plates 
through C.. The fly-back time. 12, is the time 
required for discharge through the tube; to 
keep this tinte small, the resistance during 
discharge must be low. 
To obtain a stationary pattern, the "saw-

tooth" rate is controlled by varying C1 and RI 
and synchronized by introducing some of the 
voltage being observed on the vertical plates 
into the grid circuit of the 88-1 tube. This 
voltage " triggers" the tube into operation in 
synchronism with the signal frequency. Syn-
chronization will occur so long as the signal fre-
quency is nearly the same as, or a multiple of, 
the sweep frequency, provided the circuit 
constants and the amplitude of the synchro-
nizing voltage are properly adjusted. 
The upper frequency limit of gaseous-tube 

sweep oscillators is in the vicinity of 50,000 
cycles, even with the most careful design, be-
cause of the fly-back time limitations imposed 
by the gaseous content of the tube. 

Fig. 351 — Pentode-tube high-speed sweep generator. 
C-0.001 to 0.1 c, Cz 

CI, C2— 0.1 sfd. Stmg OlitpUt 
C3 — 1.0 dd. Veer 
R — 25,000 ohms 

to5 meg-
ohms. 

RI — 0.5 megohm variable. 
R2 — 0.1 megohm. 
Rs — 25,000 ohms. 

To attain a higher-frequency sweep, a 
"hard"-tube oscillator such as that shown in 
Fig. 351 must be used. This circuit may be 
recognized as being similar to that of the pen-
tode relaxation oscillator of Fig. 342-B. With 
suitable constants it is capable of an upper fre-
quency limit of 100 to 200 kc. or more. If a tube 
is used which has a high ratio of plate current 
to screen current, the screen voltage will rise 
to a very high value during the plate discharge 
and thus aid in reducing the fly-back time. 
A variety of waveshapes may be obtained 

from this circuit, ranging from the sawtooth or 
triangular waves which occur at the plate to 
the rectangular waveform of the screen-grid 
voltage. The plate-circuit waveforms are those 
most often employed for oscilloscope work. 
The sweep rate is controlled by R and C, 

but it is influenced also by the value of 113. 113 
determines the output waveshape by regulating 
the ratio of charge to discharge time, thus de-
termining the part of the cycle occupied by 
the rectangular-shaped screen-voltage wave. 
The blocking-tube oscillator in Fig. 352 is 

also capable of high-frequency operation, 
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chiefly because the oscillator portion generates 
a very short, sharp pulse which charges C 
almost instantaneously. Because of its superior-
ity in this respect, this circuit has received con-
siderable application in television work. Its 
operation is distinguished from that of the 
squegging oscillator ( Fig. 342-C) in that the 
intermittent high-frequency oscillations are 
almost instantly blocked as the bias built up 
by the grid-leak and condenser, C and R, goes 
far beyond cut-off. With suitable constants, 
the build-up time for this blocking bias can be 
limited to a single high-frequency cycle, re-
sulting in a very short, abrupt pulse of plate 
current ( Ip). Because of the large time constant 
of C and R, the discharge time is very much 
slower. Until the charge again leaks OIT through 
R, the circuit is paralyzed. When C is dis-
charged, the cycle repeats. 
Li and 1.2 are tightly coupled and designed 

to be self-resonant at perhaps ten times the 
maximum sweep frequency. 

In the practical form, shown in Fig. 352, the 
blocking oscillator itself is the left-hand sec-
tion of the dual triode. The seciind triode 
section is used as a iiischarge tube, the rate of 
discharge being controlled by the C2/(1 combi-
natii mn. I ty giving this combination the prosier 
time constant, the output wave can be made to 
have almost any desired form. R. exercises lim-
ited control over the frequency range, while the 
value of R1 determines the output amplitude. 
Facuuni-tube Sid:Ching circuits— In con-

trast to time-base circuits which deliver recur-
rent ( nu put impulses, certain applications in 
oscilloscope and other elect node work all for 
what are termed vacuum-tube or electronic 
switching circuits. 
A keying circuit is a non-locking electronic 

swii eh which closes (( Ir opens) a circuit when a 
contrid voltage is ai plied mid returns the cir-
cuit. to normal when t he e,int rot voltage is re-
moved. The keying voltage is usually applied 
as control-grid bias, altintugh screen- and 
suppressor-grid voltage also are employed. 
A trigger circuit, also called a flip-flop circuit, 

may also be operated in this manner, but more 
strictly it is a type of locking or holding 
electronic switch, wherein a second impulse 
is required to restore the circuit. After the 

Fig. 352 — Dual d rinde block in gt-t obi. oscillator and dis-
charge tube, with characteristic wavdorms at the right. 

C - - 0.001-0.01-ad. mica. 11 — 0.25 megolun variable. 
CI, — 0.005-0.5 nfd. Ri — 0.1-2 megoltut. 
C2— 0.1 dd. 1.1, 1.2 — See text. 

C, 

Voizafe 

-8 

(A) 

c r-
c, 

niweripui 
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(B) R8 

+0 

Fig. 353 — Typical vacuum-tube trif,ger circuits, 

initiating control pulse the cur ' iii t. remains 
cli esed, despite removal of tile ('0(1 tri  voltage, 
until a second releasing impulse is received. 
Cirettits Ut whkh values of current or voltage 
change abruptly from one stable condition 
to :mot her at some .• ritical value of voltage 
or resistance, and t hen change bark abruptly 
at a different critical value of the controlling 
voltage or resist a nee. a re used for I his purpose. 

:35;;-.\ shows t he baste pentode form of 
trigger circuit. Ill t his circuit d.c. coupling be-
tween the screen and suppressor grids causes 
the suppressor voltage to change with screen 
voltage. With a high value of resistance in 
series with the screen, abrupt changes in these 
currents occur when the supply voltages or the 
screen-circuit resistance are varied. For exam-
ple, by pri)per choice of voltage and circuit con-
stants the plate current corresponding to a 
given value of scnwn current. may be made 
zero. Triggering impulses may 1)e introduced in 
series with any of die electrodes. but the COI> 
trol grid is the most, sensitive. The values of the 
supply voltages are tad critical, but. t In) proper 
relation must.)))  maintiiined between them. 

In the twim-tii iii I rigger circuit of Fig. 353-B, 
a positive impulse applied tel the grid of the 
first tube will increa›e its plate current. This 
causes an increase)! voltage drop aeross 11'3, 

Whirl! ill 101'11 makes t I IC bias on tile second 
tube more negative. Consequently the plate 
current of t he sec old t ube decreases, decreas-
ing the voltage drop across 114. This makes the 
grid bias on the first. tube more positive, caus-
ing a further increase in the plate current of 
this tube and a resultant further decrease ill 
the plate current, of the second tube. The 
process continues until the second tube is cut 
off, when () illy the first tube takes current. 
This condition will eontinue until a negative 
pulse is applied to the first grid, tir a positive 
pulse to the second grid', when the action will 
be reversed. The initial operating point, is es-
tablished by the variable tap on the cathode 
resistor, R7. 

C, 

Output 

55 
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3-10 Pulse Technique 

In pulse transmission anti reception (§ 1-4), 
specialized me: its are employed to generate and 
shape characteristic pulses on the transmitting 
end and to recreate and interpret these pulses 
on the receiving end. One is a process of wave-
shaping and injection: the other of separation 
and selection. Certain basic circuit elements 
are common to lx.ith: elementary examples of 
such circuits will be discussed in this section. 

Wareshapi g — The pri unary waveforms 
employed in pulse transinissitm, apart from the 
basic sine wave, are the rectangular wave (from 
narrow pulse to square wave). t rapezoidal wave, 
triangular wave (from isosceles to right-angle 
sawtooth), exponential and sawtooth waves. 
The nonsinusoidal waveforms obtainable 

from certain oscillators, particularly those of 
the relaxathm type, approximate the general 
shapes required. To trim sueli waves to the 
ideal form required, auxiliary wavesha ping cit.-

Input 

(A) 

Input 

(3) 

ImPutc 
adfsa 

(D) 

Fig. 351 — Shaping of sine was e Ii, SfillUrt• s. ave luv 
diode clipping act it un. The was eforms at the upper right 
illustrate, progressively, the sinusoidal input wave, the 
positive peak clipped hy the diode parallel 1. ,r ( A), 
and the negative peak clipped 11> the diode series lint. 
lier ( I1). These are performed join tlY in the double-diode 
parallel limiter (C) and doulde-ditide series hunter (1)). 

cuits are employed. The basic categories an. 
(1) limiter circuits, which utilize the voltage-
limiting action of vacuum tubes, and (2) peak-
ing circuits, which employ liC (or LC) time-
constant civet: s. 

Fig. 354 shows the use 
of biased-diode liniiiers in 
clipping a sine ‘vave to 
create a square or trape-
zoidal ‘vaveshape by lim-
iting aetion. 
The diode parallel lim-

iter at A does not limit 
the output until the input 
voltage attains a valut. more positive t han that 
of the negative biasing voltage applied in series 

jitsU i 

Fig. 355 — Triode I r action in generating square or 
trapezoidal wave by clipping peaks of a sinusoidal wave. 

with ill. Iii t he diode series limiter at 13, colt-
duet ii Hi can occur only when the input is more 
positive than the biasing voltage inserted in 
series with RI. Thus t here can be no increase ill 
()tepid during the most negative period of the 
cycle. The series limiter produces a more 
squarely dipped wave than the parallel type. 
The operation of eu t her type can be reversed 
by reversing the diode connections and the 
polarity of the biasing voltage. 

ln the double-diode parallel limiter : it C', the 
left-hand diiide removes positive peaks while 
that at tue right clips the negative. The degree 
of limiting is adjusted by varying he fixed bias 
by means of Ii"3 and RA. The double series lim-
iter at D functions in a similar mannt.r but is 
more eritical of adjust ment. 

Triode limiters may lw operated at cut-off 
or at saturation. In Fig. 355 t he tube is biased 
near the center of its characteristic. When the 
signal voltage goes negative, at cut-off plate 
current ceases to flow and the bottom of the 
situ wave is (dinned. Ott the positive peak the 
plate current is limited by saturation and the 
top of the sill: curve is squared off. The input, 
signal should be 20 or 30 times t grid bias 
for t he sine wave to be squared off sharply. 

Limiter circuits nety also be employed for 
generating oilier types of pulses. If t he tube in 
Fig. 355 is biased beyond cut-off and a con-
denser is connected bet wee tu plate and ground. 
a positive rectangular pulse applied 10 the grid 
will produce :t sawtooth ve. During the 
interval bet vein pulses t I, (.0ifilenser is 
charged in a relat ively slow linear rat e through 
114. The sharp front of the positive pulse on 
the grid causes plate current to flow, and the 
contlenser discharges rapidly through the tube. 
A triangular waveshape can be obtained by re-
ducing the bias to zero and applying negative 
pulses to the grid. Bet ween pulses plate current 

Fig. 35o - Pulse 
mixer or injector 
rirent!, illo-tra thug 
how two reetan,u-
lar pulses of ( Inter-
co t bases and 
amplitudes are 
(.01111)illed into oune 

VOU/ple% 1/111-, lue• 
fore transuo.sion, 
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will flow, but each negative pulse biases the 
tube beyond cut-off, making it nonconducting. 
The condenser charges through R4 for the du-
ration of the pulse, then discharges through Mi. 
The result is a symmetric:11 triangular pulse. 

Pulse select . — Pulse selectivity is based 
on the following characteristies: ( I) polarity; 
(2) amplitude; (3) shape; and (4) duration (in-
cluding both " mark " and " space" intervals). 
The diode separator functions much like the 

diode limit ers of Fig. 3:11. except that t he : ietion 
is reversed. Selection by polarity is based on the 
unilateral eonductivity of the el le rectifier, 
and requires only t hat the diode be so con-

413 
big. 357 - Cu biased triode 
CI — 0.1 µM. it 1 —  I niegiblign. 
C2 —  0.5 phi 112— 2000 ohms. 

/-

amplitude separator. 
— 50,18111ohins. 

114 — 25,nuti ohm,. 

neeted as to pass positive or negative pulses, as 
desired. For amplit tide separat ion the diode is 
so biased t tat only pulses having an a mph' ude 
exceeding t he bias voltage will be passed. 
The same resemblance applies in the case of 

triode amplitude separators. In the eut-off 
separator of Fig. 357, the grid ninanally is 
biased beyond cut-off. When a positive volt-
age of sufficient amplitude is applied, pl ate 
current flows. There will lw no response to volt - 
ages of lesser amplitude, or to negative puls.s. 

C1 

Input .1, 
t a 

C2 

Output 1 J., 
Fig. 358 — Zero-hi:Isar positive-  1 
grid liiititer.seartitor. 

Ct — 0.1 fil. 11 1, 112 --- I megoluir. 
C2 — 0.5 pfll. Ill — 0.1 megolun 

The positive-grid or 140(1:v(1-grid separat r. 

Fig. 358, operates at sat uration and is char-
acterized by a series resistor ill the grid circuit. 
Positive pulses drive t he tube into the posit i ve-
grid region. ‘vhere grid-rurrent flow increases 
bias and limits plate-rurrent to a steady value 
regardless of signal level. Since this circuit 
passes only negative pulses, it is selective as to 
polarity. 

Differentiation arid in tegrat tttt — If the 
front of a rectangular wave is applied t an lec 
rircuit with series eapacity and shunt. resist-
ance, as in Fig. 359. the voltage across the load 
resistor will equal the applied voltage at the 
instant of application. Theft, as the condenser 
acquires charge thy voltage across the resistor 
will decrease exponentially ( § 2-6). If the time 

• 
E IT 

Input RC • Owl RC•Ot 

Coil.... 8 dirl 8, - •  

Fia. 3.59 — With situare wa -e input. the v 'Rage itiapes across It arid C respectively in an RC circuit have 

the shapes shown. Note the variation in waveshapes for 
different time constants. (Time constant values given 
are in ternis of fractions of the period of the input wave.) 

constant of the circuit is very small, the charg-
ing period will be very short. Thus the voltage 
across the resistor will have the shape of a 
short pulse, sharply peaked at the front.. 

Following this initial pulse, no current flows 
through the resistor because the condenser is 
charged to the maximum voltage of the applied 
square wave. Hence the voltage across the 
resistor is zero so long as the input voltage is 
unchanging. At the trailing edge of the input 
wave the process is repeated, except that the 
result ; out. pulse has the opposite polarity since 
the condenser is now discharging. 

liy altering the steepness of either the as-
rending or descending slopes of the input wave 
the amplitude of the output pulse can be 
eontrfilled. This is the principle upon whicht 
pulse selection by waveshape is based, as 
illust rated in Fig. 360. A steep front produces 
a sharp pulse having an amplitude equal to 
the applied voltage, while a sloping front 
produces a pulse of correspondingly greater 
lengt It and lesser amplitude. For sharp pulses 
the t i me constant must be considerably shorter 
t han one-half cycle of the input. wave. With a 
longer time constant. the charging period be-
comes eorrespondingly longer, while retaining 
a logarithmic shape, and approaehes the dura-
t hou and form of t he wave. Snell a network is 
ealled l dierculiatin!I circuit. 

In a eircuit with the resistor in series and 
t he condenser in shunt, also shown in Fig. 359, 
the aetion is such that with a very short tinte 
const ant t he out put wave resembles that of t he 
input except for a slight curvature at the begin-
ithig beeause of the exponential charging char-
net erist The amplitude is, however, greatly 
reduced because of the voltage divider effect of 
t he reactance-resist anee combination. Inereas-
ing the tinte constant to a value comparable 
to the duration of the constant-amplitude 
¡tort ion of the input wave increases the ampli-
tude but accentuates also both the ascending 
and descending slopes of the wave. 

Increasing the tinte constant to a value very 
long compared wit h the base of the input wave, 
results in what is called an integrating circuit. 
In this circuit discrimination or selection is 

i/t-;xu 
rig. 360 — Pulse selection based 
on the discriminating action of 
a differentiating circuit with 
inputs of different wavefront 
shapes. Typical input waves 
are shown above and the re-
sulting output pulses below. 
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based on the duration or frequency of the 
input wave. For example, if a series of short 
pulses is applied, the energy stored in the 
condenser by each individual pulse will be 
small and will he discharged before the next 
pulse arrives. If. however, a series of pulses 
with longer bases and shorter intervals is 
applied, only a portion of the energy from 

each pulse will 
be discharged 
before the next 
begins charg-

Glass ing. Energy is 
therefore accu-
mulated on the 
condenser un-
til a predeter-
mined ampli-
tude is estab-
lished. Thus 
long-base pulses 
can be sepa-
rated from 
shorter pulses. 

Ahca 
heater 

D.C. Cathode 
connection 

Plate 

6ral 

Cathode 

ee-Cathode 
connection 

Fig. 361 — Se,ti.n,I siew of the 
"lighthouse" tub,", e.,nstrtivtion. 
Close clectroile 1,aeing reduces 
transit time while it,, disc electrode 
connections reduce lead inductance. 

lit 3-11 V.H.F. and U.H.F. Tubes 

Negative-grid ¡ bes — At very high fre-
quencies, in capacities and the 
inthictainte of in leads determine the 
highest piissible fregisency to which a vacuum 
tithe enn he tuned. The tube usually will not 
oseill:Oe tip tp this limit, however, because of 
dielectric lusses, grid emission, and " transit-
time" effects. In low-frequency operation, the 
actual tient of flight of electrons between the 
cathode ails! the anode is negligible in relation 
to the chiral ion of the cycle. At 1000 ke., for 
example, transit time of 0.001 microsecond, 
which is typical of conventional tubes, is only 
1/1000 cycle. But at 100 Me., this same transit 
time represents 1'10 of a cycle, and a full 
cycle at 1000 Mc. These limiting factors 
establish alamt 3000 Me. as the upper fre-
queney limit for negative-grid tithes. 
With tubes of ordinary construction, the 

upper limit tsr itseillation is about 150 Me. For 
higher frequencies, v.h.f. tubes of special con-

struction are used. 
The " acorn" and 
"doorknob" types and 

AA flr t he special v.h.f. " min-
iature" tubes, in which 
the grid-cathode spac-
ing 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 Me. 

Very low interelectrode capacities and lead 
inductance have been achieved in the newer 
tubes of modified construction. In multiple-

K2 

ti 

t 

Fig. 362 • - Schematic 
cross-section of ihe or-
bital-beam secondary. 
electron multiplier tube. 

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 capacity 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 megatrens the plate, grid and cathode 
are assembled in parallel planes, as shown in 
Fig. 361, instead of eoaxially. The uniform 
coplanar electrode design and disc-seal ter-
minals permit very low interelectrode capaci-
ties. 

In the orbital-beam tube, Fig. 362, a small 
electrode structure is used in combination 
with a secondary-elect ron emitter to raise the 
effective transeonduclance. Electrons emitted 
from the cathode, Kt, are accelerated through 
the control grid, Gi, by a positive grid, G2, and 

Oufput 

Fig. 363 — Schematic of the inductive output amplifier. 

enter a radial electrostatic field established by 
the cylindrical electrodes, J1 and J2, causing 
the electrons to move in a circular path and 
driving them against the secondary-emitter 
electrode, K2. About ten secondary electrons 
are emitted for each primary electron; thus 
the ultimate electron flow to the plate, P, is 
considerably greater than the original current 
emitted. As a result, high over-all transcon-
ductance ( 15,000 at 500 Mc. in an experimental 
tube) is obtained without increasing transit-
time losses or internal capacities. 

Inductive output amplifier — in the induc-
tive-output tube shown in Fig. 363 a high-
velocity electron beam is intensity-modulated 
by the control grid (grid No. 1). After being 
accelerated and focused by the combined ac-
tion of the first and second lenses in the mag-
netic circuit and the sleeve electrodes (grids 
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CONCENTRIC UNE 
OUTPUT CIRCUIT 

V COLLECTOR 

+4 V 

Fig. 364— Simple form of c% lindrieal-grid velocity-
niodulateil tithe 14 it h 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. 

No. 2 and 3), the beam moves past a small 
aperture in the " dimpled sphere" cavity 
resonator. The potential difference across this 
gap slows down the electrons and thereby 
causes the resonant cavity to absorb power 
from the beam. Electrons passing through the 
structure are decelerated by a suppressor 
electrode (grid No. 4) before reaching the final 
anode or collector. The control-grid structure 
gives sharp cut-off and large transconductance, 
while the high accelerating potentials and small 
apertures result in very short transit time and 
consequently low input conductance. The in-
ductive-output tube is useful for wide-band 
operation above 500 Me., giving efficiencies 
of 25 per rent or better  

Velocity ntotittlat• — In negative-grid 
operation the potential on the grid tends to 
.reduce the electron vel(wity during the more 
negative half of the oscillai ion cycle, while on 
the other ludí eycle the positive potential on 
the grid serves to accelerate them. Thus the 
electrons tend to separate into groups, those 
leaving the cathode during the negative half 
cycle being collectively slowed down, while 
those leaving on the positive half are ac-
celerated. After passing into the grid-plate 
space only a part of the electron stream follows 
the original form of the oscillation cycle, the 
remainder traveling to the plate at differing 
velocities. Since these contribute nothing to the 
power output at the operating frequency, the 
efficiency is reduced in proportion to the varia-
tion in velocity, the output becoming 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 in ordinary tubes. 
A simple form of velocity-modulation oscil-

lator tube is shown in Fig. 364. 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 discs at the ends of the larger tube 
port ion. With r.f. voltage applied across these 
gaps, which am 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 elect roils 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 Me. (5 (. rn.) and higher, with 
outputs of 100 watts or more. 

Tite klystron — lit the klystrun velocity-
modulated tube, the eleo rot s emitted by the 
cathode are accelerated or retarded during 
their passage tlin mgh an electric lieltl estab-
lished by two grids in a ravity resonator, or 
rlui ', hub. on, called t ho " bundler. - Tin. high-
frequency electric field between t he grids is 
parallel to the electron stream. This field ac-
celerates the electrons at one moment and 
retards them at another, in ace,n1ance with 
the variations of the r.f. applied. 

C 

Fig. 365— Circuit diagram of the klystron oscillator, 
showing the feed-back loop coupling the freepiency-con-
trolling rhumbatrons and the output loop in the catcher. 
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The resulting velocity-modulated beam travels 
through a field-free " drift space," where the 
slowly moving electrons are gradually over-
taken by the faster ones. The electrons emerg-

Fig. 366 — Electron 
transit-time po.iik e. RFCs 
grid 0,cillator. 
Dashed hoes above 
indicate -multiple 
resonances' effect. 

RFCs 

hug from the pair of grids therefore are sep-
arated into groups or bunched along the 
direction of motion. The velocity-modulated 
electron stream is passed to a " catcher" 
rhumbatrem. Again the beam passes through 
wo parallel grids. the r.f, eurrent created by 
the bunching of t he electron beam induces an 
r.f. voltage bet weer] t he grids. The eat deer cav-
ity is made resonant at the frequency of the 
yeloeity-modulated electron beam, so t hat an 
oscillating field is set up wit hin it by t he pas-
sage of the elect rim bunclees through the grid 
aperture. 

If a feed-back loop is provided between the 
two rhumbatrons, as shown in Vig. 365. oscilla-
tions will ()emir. The resonant frequency eke-
!events on the elertrodu volt agus 011 the 
shape of the cavities, and May be adinsted by 
varying the supply voltage and altering the 
diniensions of the rhumbat rons. The bunched 
beam current is rich in harmonies, but t he , oit -
Ind waveform is remarkably pure becan ,e t he 
high Q of the catcher rhumbatron suppresses 
t he unwanted harmonies. 

Positive-grid electron. oscillators — A tri-
ode in whirl' the grid rat her t han t he plate is 
positive with respeet tri t cathode will os-
cillate at frequencies Iligher than those at 
which transit-lime effects ,•ause the tube to be 
in ,,perative as a normal negative-grid os-
cillator. Oscillators of the positive-grid type 
are known as " bra kefield " or " elect ron t ransit - 
time" oscillators. Successful performance is 
incest rezulily achieved with tube structures 
having cylindrieal grids and plates. 

This type of operatiial makes use of the 
transit time of electrons from the cathode to 
t grid and plate regions. Electrons emitted 
by the caihode are accelerated toward the 
posit ive grid, some striking it and some passing 
t hrough. Those that pass through are repelled 
by t he negative Idate and turn around, passing 
between the grid wires once more. In the proc-
ess, the electrons induce a.c. voltages in the 
grid at a freqtiency depending upon the transit. 
time. Some electrons may pass back and forth 
between the grid wires several times, while 
others may strike the grid after a single round 
trip. Those which remain free in the tube for 
several oseillat ions lose energy, but those which 
make only ¡me t rip gain energy. However, since 

the former are free for a longer time there is a 
net transfer of energy which can be used to 
maintain oscillations. 

In this type of oscillator, shown in Fig. 366, 
the frequency is controlled primarily by the 
grid voltage and the tutse element spacing. The 
resonant circuit must be tuned to approxi-
mately the oscillation frequency for maximum 
out put. 

Positive-grid oseillators can be operated at, 
frequencies up to IO.000 Me. (3 cm.), but the 
efficiency is usually only 2 or 3 per cent. Since 
most of t he power is dissipated in the grid, t he 
tube is not. capable of dellyerhoz mew l, 
Magnetrons— A magnetron is fundamen-

tally a diode with cylindrieal eke' rodes placed 
in a uniform magnetic field with the lines of 
electromagnetic force parallel to the elements. 
The simple cylindrical magnetron consists of 
a filamentary cal limb. surrounded by a con-
centric cylindrical anode. lit the more effi-
cient split-anode magnetron the cylinder is 
divided longitudinally. 

Magnetron oscillators are operated in two 
different ways. Elect rically t he eireuits are 
similar, t he elifferen,a , being in t he relation be-
tween electron transit time and t he frequency ' 
of oscillat ion. 

In the negative-re.Hance or dynatron type 
of magnetron .oscillaior, the element dimen-
s¡nns an d ,, n,de voltage are such that the 
transit time is short compared wit le t he period 
of the oseilla t frequeney. Electrons omit I ed 
from the ,• at ' lode are iiriven towards both 
halves of the:mode. ill he potentials of the t wo 
halves :ere unequal, the effect of.the magnetie 
field is such fluid t he majority of t he electrons 
travel to that half of t he ¿ inri Ir' which is at t he 
lower leitchtial. In other words, a decrease in 
the potential of eit her half of t he anode results 
in an inc,.,(e:c in the eleet ron eurrent flowing to 
t hat half. The magnetron consequently exhib-
its negative- resistance characteristics (§ 3-7). 
Negative-resistamp magnetron oscillators are 
useful bet ween MO 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. 

Directio» al magnetic field—. 

Dim-ewn of magnetic field 

Filament Anal. 

(A) 

(B) 

II 

.ift. 367 — Conventi llll al mag ietrons, with equivalent 
-cheinalic symbols at ilie right. A. simple cylindrical 
magnetron. It, split-anode negat've-resistanee magnetron. 
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In the transit-time magnetron the frequency 

is determined primarily by its dimensions and 
by the electric and magnetic field intensities 
rather than by the t titling of the tank circuits. 
The efficiency is nnich better than that of a 
positive-grid oscillator and good power output 
can be obtaineil even on the superhighs. 

In a nonoscillating magm•tron 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 elect rims tend to spiral around the 
filament, their radial component. of velocity 
being much smaller than t he angular com-
ponent. Under crit 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 nut ure of these elect ron t mice ti is 

shown in Fig. 368. Cases A, B, and C corre-
spond to the non-oscillating condition. For a 

(A) t) (D) (E) (F1 (0 

009 

H - I> 

hg. 368 — Electron trajectories fi ir increasing values of 
magnetic field strength, I/. Below is shown the corr..-
st ling torve of plate urn in. s ommenee 
when // reaches a critical value, progre..i. c4 higher 
order modes of osrillation occur be ood till- point. 

small magnetic field ( A) the trajectory is bent 
slightly near the anode. This bentling increases 
for a higher magnetic fiehl ( B) and the elec-
tron moves through quite a large angle near 
the anode before reaching i, signifying a large 
increase of space charge near t he anode. For a 
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 I mg 
spiral before reaching the anode. This means a 
very long transit time and a very large space 
charge in the whole regitm where t he spiraling 
takes place. Under critical condit cus (I)), no 
current flows to the anode and no electron is 
able to move from cat hode to anode, but a large 
space charge st ill exists between the cathode 
and anode. The spiraling becomes a set of con-
centric circles, and the entire space-charge 
distribution rotates about t he fila neut. 

Figs. 368-E, -F and -G depict 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, elect tons leaving 
the cathode move in curved paths which just 

,4nales 

Cathode 

(A) _ H11111111 (8) _ 1111111111 

Fig.169— L Ji, f. magnetrm ciren is. A, split-anode type. 
11, four-anode type with op msite electrodes paralleled. 

fail to reach the anode. All electrons are there-
fore delleeted back to the cathode, and the 
anode current is zero. When an alternating 
voltage is applied bet ween the two halves of 
the a node. causing t he potent ials of t hese halves 
to vary about their average posit ive values, the 
conditions in the tube become analogous to 
those in a positive-grid oscillator. If the period 
of the alternating voltage is made equal to the 
time required for an electron to make one 
complete rotation ill tlte magnetic field, the 
a.c. component of the anode voltage reverses 
direction twire with each electicin rotation. 
Some electrons will lose energy to the electric 
field, with the result that they are unable to 
reavh the cathode and continue to rotate 
about it. :Meanwhile other electrons gain energy 
from the livid and are returned to t he cathode. 
Since those elect toils which lose energy remain 
in the interelertrode space longer than those 
which gain energy, t he net effect is a transfer of 
energy from the elect rons to the electric field. 
This energy can be applied to sustain oscilla-
tions in a resonant t itsmis,ion line connected 
bet ween the t WI) halves of t he anode. 

Split-anode magnetrons for u.h.f, are coa-
st meted with a cavil y resonator built into the 
tube st flirt tire, as illust rated in Fig. 370. The 
assembly is a solid block of copper which 
assists in heat dissipation. At extremely high 
frequeneies operation is improved by subdivid-
ing the anode structure into from 4 to 16 or 
more segments. t he resonant cavities for each 
amide eimplei I by slots of critical dimensions 
to the common cat le region, as in Fig. 371. 

Fig. 370 — Cathode 
Split- anode 
magnetron 
with integral 
resonant anode — 
cavity for 
use at u, It, f. 

Cathode 

Resonant 
Anode 

G2vities 

-----

i g . 371 —  
Ntulekegmetit 
ma gill' tron 
milli four res-

--- 0114111i. cavities. 
This construc-
tion ici used for 
extremely high 
f req tic nc ics, 

The efficiency of multi-segment magnetrons 
reaches 65 or 70 per cent. Slotted-anode mag-
netrons with four segments function up to 
30,000 Mc. (1 cm.) delivering up to 100 watts 
at efficiencies greater than 50 per cent. Using 
larger multiples of anodes and higher-order 
modes, performance can be attained at 0.2 cm. 



Chapter Dour 

R.-F. Power Generation 
111 4-1 Transmitter Requirements 

General requirements— To minimize in-
terference when a large number of stations 
must work in one frequency band, the power 
output of a transmitter must be as stable in 
frequenry and as free from spurious railiatiiins 
as the state of the art permits. The steady r. f. 
output, called the carrier (§ 5-1), must be free 
from amplitude variations attributable to rip-
ple from the plate power supply (§ 8-4) or 
other causes, its frequency should be unaf-
fected by variations in supply voltages or in-
advertent changes in circuit constants, ;111%1 

there should be no radiation on other than 
the intended frequen(!y. The degree fie which 
these requirements ean lw met depends upon 
the operating frequency. 
Design principles— 'Ile design of the 

transmit ter depends on the output frequency, 
the required power output and the type of 
operation (c.w. telegraphy or ' phone). For 
c.w. operation at low power 011 medium-high 
frequencies (up to 7 Me. or so), a simple crystal 
oscillator circuit can meet the requirements 
satisfactorily. However, the stable power out-
put which can be taken from an oscillator is 
limited, so that, for higher power the oscillator 
is used simply as a frequency-controlling ele-
ment, the power being raised to the desired 
level by means of amplifiers. The requisite fre-
quency stability can be obtained only when 
the oscillator is operated on relatively low fre-
quencies, so that for outinit frequencies up to 
about 60 Mc. it, is necessary to increase the os-
cillator frequency by multiplication (harmonic 
generation — § 3-3), which usually is done at 
fairly low power levels and before the final 
amplification. An :iiiiplifier which delivers 
power on the frequency applied t.() its grid cir-
cuit is known as a straight a mplifier; ( mu which 
gives harmonie output is kluMil as a frtqw 
multiplier. An amplifier used principally to 
isolate the frequency-e(introlling ( isrillator 
from the effects of changes in load or ut her va-
riations in following amplifier stages is called a 
buffer amplifier. A etunplete transmitter there-
fore may consist of an oscillator followed by 
one or more buffer a niplifiers, frequency niinilt i-
pliers and straight amplifiers, the number 
being determined by the out put frig tieney and 
power in relati«n to the oscillator frequency 
and power. The last amplifier is called t he final 
amplifier, and the stages up to t he last cont-
Prie the unit( f. Transmit tirs usually are de-
signed to work in a number of frequeticy bands 
so that means for changing frequency in liar-

monie steps usually is provided, generally by 
means of plug-in inductances. 
The general metlool of designing a transmit-

ter is to decide up ut tile power output and the 
highest output frequency required, and also 
the number of bands ill un huh the transmitter 
is t(t opi.rat e. 'Hie latter usually will determine 
the oscillator frequency, since it is general 
practice to set, the oscillator on the lowest fre-
quency band to be used. The oscillator fre-
quency seldom is higher than 7 Mc. except in 
some portable installations where tubes atol 
power must be conserved. A suitable tube (or 
pair of tubes) should be selected for the final 
amplifier, and the required grid driving power 
determined from the tube netnufaet urer's data. 
This sets the power required fi- tin the preced-
ing stage. From this point the same process is 
followed back to the oscillator, including fre-
queney multiplication wherever necessary. 
The sehwtion of a suitable tube complement, 
requiros a knowledge of the operating char-
acteristics of the various types of amplifiers 
and oscillators. These are discussed in the 
following sections. 
Above 100 Mc. and higher frequencies t hese 

methods of transmitter design tend to becume 
rather cumbersome, because of the necessity for 
a large number of frequeney multiplier stages. 

t liii fn.queory region less severe 
stability requirements are imposed because the 
transmission range is limited § 9-5) and the 
possibility , if j iuterferi-n iii ti u ' it hun. v,)mmunira-
ti,ini is reduced. Simple oscillator transmitters, 
Wit bout frequency multiplieation or buffer am-
plifiers, are wit lely used. 
Vacuum tubes— 'lite type of tube used in 

the transmitter has an important effect on the 
circuit design. 'l'ubes of high power sensitivity 
(§ 3-3) such as pentodes and beam tetrodes 
give larger power amplification ratios per stage 
than d() triodes, hence fewer tubes atol stages 
may be used to obtain the same output power. 
On the other hand trhides have certain oper-
ating advantages, such as simpler power sup-
ply circuits and relatively simpler adjust ment 
for module b in (§ 5-3), and in addition are 
considerably less expensive for the sante power 
output rating. Consequently it is usually more 
eriironnical t.() use triodes as output amplifiers, 
even th()ugh an extra low-power amplifier 
:4 ri ge may he Ileressary. 

At frequencies ill the region of 50 Mc. and 
above it is necessary to select tubes designed 
particularly for operation at very-high fre-
quencies, since tubes built primarily for lower 
frequencies may work poorly or not at all. 

94 
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E. 4-2 Self-Controlled Oscillators 

Advantages and disadvantages — The 
chief advantage of a self-controlled oscillator 
is that. the frequency of oscillation is deter-
mined by the constants of the tuned circuit., 
and hence readily can be set to any desired 
value. However, extreme care in design and 
adjustment are essential to secure satisfactory 
frequency stability (§ 3-7). Since frequency 
stability is generally poorer as the load on the 
oscillator is increased, the self-controlled os-

cillator should be used purely to control fre-
quency and not for the purpose of obtaining 
appreciable power output in transmitters in-
tended for working below 60 Mc. 

Oscillator circuits — The inherent stability 
of all of the oscillator circuits described in 
§ 3-7 is about the same, since stability is more 
a function of clutire of proper circuit values and 
of adjustment than of the method by which 
feed-back is obtained. however, some circuits 
are mitre convenient to use than others, par-
ticularly from the standpoint of feed-back ad-
justment, mechanical considerations (whether 
the tuning el milenser tiit4ir plates can be 
grounded or not, etc.), aml uniform output 
over a considerable frequency range. I n all sim-
ple circuits the power output must be taken 
from the frequency-determining tank circuit., 
which means that asitle from the effect of 
loading on frequeney stability, the following,-
amplifier stage can flat en the oscillator and 
cause a change in t lut fretiut.itcy. 

Factors influencin e stabili ty — The causes 
of frequency instability and the necessary 
renuslial steps have been discussed in § 3-7. 
These apply to all oscillaters. In the case of 
the electron-coupled oscillator the ratio of 
plate to screen vtiltage has marked effeet on 
the stability with changes in supply voltage: 
the optimum ratio is generally of the order 
of 3:1, but should be determined experimen-
tally for each case. Since t he cathode is above 
ground potential, means should be taken to 
reduce the effects of heater-t1)-eatlitole capaci-
tance or leakage which, by allowing a small 
a.c. voltage from the heater supply to de-
velop between cathode and ground, may cause 
modulation (§ 5-1) at the supply frequeney. 

Fig. 401 — Eke-
tom-coupled os. 
cillator circuit. 
Ri .} i.''. lui he 
100,000 ohms or 
more. the grid 
condenser 100 
¡odd. and t he 
other fixed con- it 
densers 0.002 to 
0.1 mfd. 

«. NA& • 

This effect, which is usually appreciable only 
at 14 Mc. and higher, may be reduced by 
by-passing the heater as in Fig. 401 or by op-
erating the heater at the same r.f. potential as 
the cathode. The latter may he accomplished 
by the wiring arrangement shown in Fig. 402. 

Tank-circuit Q — The most important 
single factor in determining frequency stabil-
ity is the Q of the oscillator tank circuit. The 
effective Q must be as high as possible for hest 
stability. Since oscillation is accompanied by 
grid-current flow the grid-cathode t•ircuit 

Fig. 402 — Method of 
operating the heater at 
cathode r.f. n.tential 
an electro n-collided os-
cillator. I. .. 1111.11111 IlaSt• 

sain,numberief s 
as the ea( bode section of 
It and '4,1,1.14 closely 
couple.1 ' re ref...1111,1y in-
temourn I .. andenser C 
may he 0.01 to 0.1 fil. Ht, 

constitutes a resist :owe load of appreciable 
proportions, the effective resistance being low 
enough to be the determining factor in estab-
lishing the effective parallel impedance of the 
tank circuit. Consequently, if the ends of the 
tank are connected to plate and grid, as is 
usual, a high effective Q can he obtained only 
by deereasing the L ratio and making the 
inherent resistance in the tank as low as pos-
sible. The tank resistance can be decreased by 
using low-loss insulation and by- ‘vinding the 
mil with large wire. With ordinary construe-
ti tai. the optimiun tank capacity is of the order 
of 500 to 1000 i.mfd. at a frequency of 3.5 Mc. 
The effective circuit Q can be raised by in-

creasing the resistance of the grid circuit and 
thus derreasing the loading. This can be ac-
ci mplishei t lin nigh reducing the oscillator grid 
current, which may be accomplished by using 
minimum feet I-back for stable oscillation, plus 
a high value of grid- leak resistance. 
A high-Q tank circuit can elso be obtained 

with a higher L (1 ratio by " tapping down" 
the tube connections on the tank (§ 2-10). 
This is advantageous in that a coil with higher 
inherent Q can be used; alstt, the circulating 
r.f. current in flu! tank circuit is reduced so 
tliat drift from coil heat big is decreased. How-
ever, wider some conditituis parasitic oscilla-
tions may be set. up (§ 4-10). 

Plate supply — Since the oscillator fre-
quency will be affeeted to some extent by 
ehanges in plate-supply voltage, it is necessary 
that the latter be fret. fr,,in ripple (§ 8-4) which 
would cause frequent.y variat ions at the ripple-
frequency rate (frrquency im ,,Irdation). It is ad-
vantageous to use a voltage-stabilized power 
supply (§ 8-8). Sinee the oscillator usually is 
operated : it linv vidtage and in rient, Vlistype 
gaseous regulator tubes are qiiite suitable. 
Power level — The self-controlled oscillator 

sliould be designed purely for frequency con-
trol and not to give appreciable power output, 
hence small tubes of t he receiving type may be 
used. The power input ordinarily is not more 
than a watt or two, subsequent buffer ampli-
fiers being used to increase the power to the 
desired level. The use of receiving tubes is 
advantugeous mechanically, since the small 
elements are less susceptible to vibration and 
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usually are securely braced to the envelope of 
the tube. 

Oscillator adjustment — The adjustment 
of an oscillator consists principally in observ-
ing the design principles outlined in the pre-
ceding paragraphs. Frequency stability should 
be checked with the aid of a stable receiver. 
An auxiliary crystal oscillator may be use il as a 
standard for checking dynamic. stability and 
drift, the self-controlled oscillator being ad-
justed to approximately the same frequency 
so that an audio-frequency beat (§ 2-13) ran 
be obtained. If it is possible to vary the omit-
latin. plate voltage (an adjustable resistor of 
50,000 or 100,000 ohms in series with the plate 
supply lead will give I'linsiderable variatitm), 
the change in frequency with cluirtge in plate 
voltage may be observed and the operating 
conditions varied until minimum frefpn.nry 
shift results. The principal factors affecting 
dynamic stability will be the tank circuit 
L/C ratio, the irid-leak resistance, and the 
amount of feed-back. In the electron-coupled 
circuit the latter may be adjusted by changing 
the cathode tap on the tank c' cil ; critical ad-
justment is required for optimum stability. 

Drift may be checked by : 111,m ing the oscil-
lator to operate continuously fr,,iti a cold start, 
the frequency change being observed at reg-
ular intervals. Drift may be minimized by us-
ing less than the rated power input to the plate 
of the tube, by construction which prevents 
tube heat from reaching the tank circuit ele-
ments, and by use of large wire in the tank coil 
to reduce temperature rise from internal heating. 

In the electron-coupled oscillator having a 
t tined plate circuit ( Fig. 334). resonance at the 
fundamental and harnionie frequencies of the 
oscillator portion of the tube will be indirated 
by a decrease in plate eurrent cs t he plate tank 
condenser is varied. This " dip" is less marked 
at the fundamental than on harmonics. 

IEL 4-3 Crystal Control 

Charm. i s t ies — 'electric crystals 
(§ 2-12-1). WidelY 11Sed for controlling the 
frequency of transmit ting oseillators, because 
the extremely high Q of the crystal alit! the 
necessarily It fuse roupling bet ween it and the 

-a 

Fig. 403 — Triode oseillator. The tank con-
denser, CI, may be a lou-aa fil. ‘ ariahle, with 1.1 propor-
tioned so that the tank is ill  • to the ¡Ts sial frequency. 
(:2 should be 0.001 pfd. or larger. The grid leak, 
will vary with the type of tithe; high-5 tubes take values 
of 2500 to 10,000 ohms, while med  and low.a types 
take values of 10,000 to 25,000 ohms. A small flashlight 
bulb or r.f. milliammeter (§ 4-3) may be inserted at X. 

oscillator tube make the frequency stability 
of a crystal-controlled oscillator very high. 
The ability to adhere closely to a known fre-

quency is the outstanding characteristic of a 
crystal oscillator. This also is a disadvantage, in 
that a different crystal is required for each fre-
quency on whieh the transmitter is to operate. 
Power limitations— The temperature of 

a crystal depends not only on the temperature 
of its surroundings but also on the power it 
must dissipate while osc illating, since power 
dissipation causes heating (§ 2-6. 2-81. Conse-
quently, the (• rystal temperature in operation 
may be considerably above that of the sur-
rounding air. To minimize heating and fre-
queney drift (§ 3-7 ,, the power dissipated 
must be kept to a minimum. 

If the crystal is made to oscillate too strongly, 
as when it is used in an oseillat,a. circuit with 
high plate voltage tun' excessive feed-back, the 
allIplitIlde of the mechanical vibration will 
become great enough to crack or puncture the 
quartz. An indication of the vibration amphi-
1 (and power dissipated ran be «btained by 
conneeting titi r.f, eurren t-indiett ling device of 
suitable range in series with the crystal. Safe 
rt.. crystal currents range from 50 Ic 200 

depending upon the ti cc' cil (' i'ysttil 
\ flashlight bulb or dial light of equivalent 

current rating makes a good current indicator. 
By choosing a bulb of lower rating than the 
current specified by the manufacturer as safe 
for t he particular type of crystal used, the bulb 
will serve as a fuse, burning out. before a cur-
rent dangerous to the crystal is reached. The 
110-nia. and 100-ma. bulbs may be used for this 
purls ise. 
Crystaltin/is To make use of the 

crystal, it must be mounted between two metal 
electrodes. There are t wo types (. 1' mountings, 
mie having a small air-gap between the top 
plat etcnd the crystal and the (it icc'i ccctcitct:tining 
bid h plates in contan with the crystal. It is es-
sential t hat the surfaces of the metal plates in 
contact with the crystal be perfertly flat, ln 
the air-gap type of holder, the frequency of 
os,allat ion depends to some extent upon the 
size of the gap. By using a holder having a top 
plate with ch)sely adjustable spaving, a con-
trollable frequeney variation van be obtained. 
A suitable 3.5- Me. cry,•1 al will oscillate without 
great variation ill power output over a range of 
almmt 5 kc. X- and l'-eut erystals are not 
generally suitable for this type of operation; 
they have a tendency to " jump" in frequency 
with different air gaps. 
A holder having a heavy metal bottom plate 

with a large surface exposed to the air is ad-
vantageous in that it radiates quickly the 
heat generated in the crystal, t hereby reducing 
temperature effects. I hffereilt plate sizes, 
pressures, etc., will cause slight changes in 
frequency, so that if a crystal is being ground 
to an exact frequency it should be tested in the 
same holder and in the same oscillator circuit 
with which it will be used in the transmitter, 



Radio-Frequency Power Generation 97 
Fig. 404 — Tetrode or 
pentode crystal oscil-
lator. Typical values: 
CI, 100 , dd., with L 
wound to suit fre-
quency; C2, ea, 0.001 
b.fd. or larger; Ca. 0.01 
ad.: RI, 10,000 to 
50,000 oll nis (value de. 
[ermined by trial); 
1?2, 250 to 400 ohms. 

(I, 4-4 Crystal Oscillators 

Triode oscillators — The triode crystal os-
cillator circuit (§ 3-7) is shown in Fig. 403. 
The limit of plate voltage that can be used 
without endangering the crystal is about 250 
volts. With the r.f. crystal current limited to a 
safe value of about 100 ma., the power output 
obtainable is about 5 watts. The oscillation 
frequency is dependent to some extent on the 
plate tank tuning, because of the change in in-
put capacity with changes in effective ampli-
fication (§ 3-3). 
Tetrode and pentode oscillators— Since 

the power output of a crystal oscillator is lim-
ited by the permissible r.f. crystal current 
(§ 4-3), it is advantageous to use an oscillator 
tube of high power sensitivity (§ 3-3) such as 
a pentode or beam tetrode (§ 3-5). Thus for a 
given crystal voltage or current more power 
output may be obtained than with the triode 
oscillator, or for a given output the crystal 
voltage will be lower, thereby reducing crystal 
heating. In addition, tank-circuit tuning and 
loading react less on the crystal frequency be-
cause of the lower grid-plate capacity (§ 3-3). 

Fig. 404 shows a typical pentode or tetrode 
oscillator circuit. Pentode and tetrode tubes 
originally designed for audio power work are 
excellent crystal-oscillator tubes. The screen 
voltage is generally of the order of half the 
plate voltage for optimum operation. Small 
tubes rated at 250 volts for audio work may be 
operated with 300 volts on the plate and 
100-125 on the screen as crystal oscillators. 
The screen is at ground potential for r.f. and 
has no part in the operation of the circuit 
other than to set the operating characteristics 
of the tube. The larger beam tubes may be 
operated at 400 to 500 volts on the plate and 
250 on the screen for maximum output. 

Pentode oscillators operating at 250 to 300 
volts will give 4 or 5 watts output under nor-
mal conditions. Beam-type tubes such as the 
6L6 and 807 will give 15 watts or more at 
maximum plate voltage. 
The grid-plate capacity may be too low to 

give sufficient feed-back, particularly at the 
lower frequencies, in which case a feed-back 
condenser, eb, may be required. Its capacity 
should be the lowest value which will give stable 
oscillation; 1 or 2 laidd. is generally sufficient. 
R2 and Ci may be omitted, connecting the 
cathode directly to ground, if plate voltage is 
limited to 250 volts. C5 (if needed) may be 
formed by two metal plates %-inch square 
spaced 3I inch. If the tube has a suppressor 

grid, it should be grounded. X indicates where 
a flashlight bulb may be inserted (§ 4-3). 

Circuit constants— Typical values for 
grid-leak resistances and by-pass condensers 
are given in Figs. 103 and 404. Since the 
crystal is the frequetwy-determining element, 
the Q of the plate tank circuit has a relatively 
minor effect on the oscillator frequency. A Q 
of 12 (§ 4-8) is satisfactory for average condi-
tions, but some departure from this figure will 
not greatly affect the performance of the 
oscillator. 
Adjustment of crystal oscillators— The 

tuning characteristics and procedure to be fol-
lowed in tuning are essentially the same for 
triode, tetrode or pentode crystal oscillators. 
Using a plate milliammeter as an indicator 
of oscillation (a 0-100 ma. d.c. meter will have 
ample range for all low-power oscillators), the 
plate current will be found to be steady when 
the circuit is in the non-oscillating state, but 
will dip when the plate condenser is tuned 
through resonance at the crystal frequency. 
Fig. 405 is ty pica' of the behavior of plate cur-
rent as the tank condenser capacity is varied. 
An r.f. indicator, such as a small neon bulb 
touched to the plate end of the tank coil, will 
show a maximum indication at point A. How-
ever, when the oscillat ur is delivering power to 
a load it is best to operate in the region 13-C 
since the oscillator will be more stable and 
there is less likelihood that a slight change in 
loading will throw the circuit out of oscillation, 
which is likely to happen when opera t ion is too 
near the critical point, .1. The crystal current 
also is lower in the B-C region. 
When power is taken from the oscillator the 

dip in plate current is less pronounced, as in-
dicated by the dotted curve. The greater the 
power output, the smaller the dip in plate cur-
rent. If t he load is made too great, oscillations 
will not start. Loading is adjusted by varying 
the coupling to the load circuit (§ 2-11). 
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Fig. 405 — Curves show-
ing d.c. plate current ve. 
pla te.circuit tuning in a 
crystal oscillator, both 
with and without load. 
These curves apply equally 
to the triode, tetrode or 
pentode crystal oscillator. 

The greater the loading, the smaller the volt-
age fed back to the grid circuit for excitation 
purposes. This means that the r.f. voltage 
across the crystal also will be reduced under 
load, hence there is less crystal heating when 
the oscillator is delivering power than when it 
is unloaded. 

Failure of a crystal circuit to oscillate may 
be caused by any of the following: 

1) Dirty, chipped or fractured crystal. 
2) Imperfect or unclean holder surfaces. 
3) Too tight coupling to load. 
4) Plate tank circuit not tuning correctly. 
5) Insufficient feed-back capacity. 
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Fig. 406— Pierce os-
cillator circuit. R1 is 
25.000 to 50,000 ohms. 
Ri is 1000 ohms; Ra, 
75.000 ohms for a 6F6; 
Cs. 0.001 to 0.01 pfd.; 
C3 anil C4, 0.01 ad. 
For values of Cg and 
CIS, see text. 

Pierce oscillator — This circuit, Fig. 406, 
is equivalent to the ultraudion circuit (§3-7), 
with the crystal replacing tlw tuned circuit. 
Although the output is small, it has the ad-
vantage that no tuning controls are required. 
The circuit requires caparitive coupling to a 
following stage. The amount of feed-back is de-
termined by the condenser, C2; its capacity 
must be determined by experiment, usual val-
ues being between 50 and 150 pktfd. To sustain 
oscillation, the net reactance (§ 2-8) of the 
plate-cathode circuit must he capacitive; this 
condition is met so long as the inductance of 
the r.f. choke, together with the inductance 
of any coils associated with the input circuit 
of the following stage and the tube and stray 
capacities, forms a circuit tuned to a lower 
frequency than that of the crystal. 
Tubes surit as the triode 6(7) and pentode 

61:6 are suitable for use in this circuit. ( When a 
triode is used the screen-voltage dropping 
resistor, It':„ and by-pass rondenser, C4, in Fig. 
406 should, of course, be omitted.) The applied 
plate voltage shoubl not exceed 300, to prevent 
crystal fracture. The capacity of the output-
coupling condenser, C:„ should be adjusted 
by experiment so that the oscillator is not over-
loaded; usieilly 100 a/dd. is a Ii factory y:, 

4f1, 4-5 Harmonic-Generating Crystal 
Oscillators 

Tri-tet oscillator — The Tri-tet oscillator 
circuit is shown in Fig. 107. In this circuit the 
screen grid is operated at ground potential 
and the cathode at an r.f. potential above 
ground. The screen-grid acts as the anode of a 
triode crystal oscillator, while the plate or out-
put circuit is tuned to the oscillator frequency 
or, for harmonic output, to a multiple of it. 

Besides giving harmonic output, the Tri-tet 
circuit has t he " buffering" feature of Meet ron-
coupling bet ween crystal and out put circuits 
(§ 4-2). This makes the crystal frequency less 
susceptible to changes in loading or tuning, and 
hence improves the stability. 

If the output circuit is to be tuned to the 
same frequency as the crystal, a tube having 
low grid-plate capacity (§ 3-2, 3-5) must be 
used. Otherwise there may be excessive feed-
back with consequent danger of fracturing the 
crystal. The cathode t ank circuit, L1 C1, is not 
tuned to the frequency of the crystal, but to a 
considerably higher frojiwney. Recommended 
values for L1 are given under the diagram. C2 
should be set to as near minimum capacity as is 
consistent with good output. This reduces the 
crystal voltage. 

With pentode-type tubes having separate 
suppressor connections, the suppressor may be 
either connected directly to ground or oper-
ated at about 50 volts positive. 'I'he latter 
method will give somewhat, higher output. 

With transmitting pentodes or beam tubes 
operated at 500 volts on the plate an output of 
15 watts can he obtained on the fundamental 
and nearly as much on the second harmonic. 

Grid-plate oscillator — In the grid-plate 
oscillator, Fig. 408, the crystal is connected be-
tween grid and ground and t he cathode tuned 
circuit. C2 and RP% is tuned to a frequency 
lower than that of the eryst al. This circuit gives 
high output on the fundamental crystal fre-
quency wit I lw crystal current. The output on 
even harmonics (2inl. 4th, etc.) is not so great 
as that obtainable with the Tri-tet. but on odd 
harmonics (3rd, 5th, et('.) the output is ap-
preciably better. 

If harmonie output is not needed, C2 may be 
a fixed capacity of 100 add. The cathode coil, 
RFC, may- be a 2.5-mh. choke, since the in-
ductance is not critiral. 

Out put power of 15 to 20 watts at the crystal 
fundamental may lie iibtained with a tube 
such as the 61.6G at plate and screen voltages 
of 400 and 250, respectively. 
Tuning and adjust silent — The tuning pro-

cedure for the Tri-tet oscillator is as follows: 
With the cathode tank condenser at about 
three-quarters scale turn the plate tank con-
denser until there is a sharp (lip in plate cur-

.6 +54. +0 

(B) 

Fig. 407 — Tri-i..t oscillator circus t, using pentodes (A) 
or beam ti-trades ( 11). Cu and Cs are 200-gesfil. variable 
condensers. (:g. C4, 'Cs, Cs, may Ise 0.001 to 0.01 afd-: 
their t'alites are not critical. RI, 20,000 to 100,000 ohms. 
Rs should be 400 ohms for 400- or 500-volt operation. 
'I'he following specificat. for the cathode coils, Li, are 
based on a diameter of 1)-'2 inches and a length of 1 inch; 
turns si Id he spaced evenly to fill the required length: 
for 1.75-Me. crystal, 32 turns : 3.5 Me., 10 turne; 7 
Mc., 6 turns. The screen should be operated at 250 volts 
or less. Audio beans tctrodcs such as the 61.6 and 61.6G 
should Ise used oith f.,r second-harmonic output. A flash-
light bulb may be inserted at the t ' t marked X (1 4-3). 
The L/C ratio in the plate tank, L2C2, should be such that 
the capacity in use is 75 to 100 add. for fundamental 
output and about 25 add. for second-harmonic output. 



Radio-Frequency Power Generation 99 
6V66. 616.6166 

-A .5.0. .0 

Fig. 408 — Grid-plate crystal oscillator tircuit. In the 
cathode circuit. RR': is a 2.5-mh. r. f. choke. Other V011. 
slants are the same as in Fig. 407. A erys al-current in-
dicator may he inserted at the point marked :S. (§ 4-3). 

rent, indicating that the plate circuit is in 
resonance. The crystal should be oscillating 
continuously, regardless of the setting of the 
plate condenser. 8et the plate condenser so 
that plate current is minimum. The load cir-
cuit may then be coupled and adjusted so 
that the oscillator delivers power. The mini-
mum plate current ‘vill rise; it may be neces-
sary to retune t he plate condenser when the load 
is coupled to bring the plate current to a new 
minimum. Fig. 109 shows the typical behavior 
of plate current with plate-condenser tuning. 

After the plate circuit is adjusted and the 
oscillator is delivering power, the catlitide 
condenser should he readjusted to obtain 
optimum power output. The setting should be 
as far toward the low-capacity end of the scale 
as is consistent with good output; it may, in 
fact, be desirable to sacrifice a little output if 
so doing lowers the current, t hrough the crystal 
and thus reduces heating. 

For harmonie output the plate tank circuit 
is tuned to the harmonic instead of the funda-
mental of the crystal frequency. A plate-cur-
rent, dip will occur at, the harmonie. If the 
catiltide condenser is :unlisted for maximum 
output at the harinonie, this adjustment will 
usually serVe for the futnla mental as well. The 
crystal should be ehecked for excessive heating, 

DRIVER AMP 

DRIVER 

DRIVER AMP. 

the most effective remedy being to lower plate 
and/or screen voltage or to reduce the loading. 
Maximum r.f. voltage across the crystal is de-
veloped at maximum load, so heating should 
be checked with the load coupled. 
When a fixed cathode condenser is used in 

the grid-plate oscillator the plate tank circuit is 
simply resonated, as indicated by the plate-
current dip, to the fundamental or a harmonic 
of the output frequency, loading being ad-
justed to give optimum power output. If the 
variable cathode emit tenser is used, it should be 
set to give, by observation, the maximum 
power output consist eut with safe crystal cur-
rent. The variable condenser is useful chiefly in 
increasing the out put on the third and higher 
harmonics; for fundamental operation, the 
cathode capacity is not critical and the fixed 
condenser may be used. 

Fig. 409 — Curves show-
ing d.e. plate current vs. 
plate-condenser t  • g, 
both with and witl  
load, for the •I•ri-tet oseil 
la tor. The setting for 
minimum plate current 
may shift with loading. 
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111 4-6 Interstage Coupling 

Requirements — The purpose of the inter-
stage coupling system is to transfer, with as 
little energy loss as possible, the power devel-
oped in t he plate cirruit of one tube (the driver) 
to the grid eirruit of following amplifier 
tube or frequeney multiplier. The circuits in 
practical use are based on the fundamental 
coupling arrangements described in § 2-1 l. In 
t he process of power tr:insfer, impedance trans-
formation § 2-9) frequently is necessary so 
that the proper exciting voltage and current 
will be available at the grid of the driven tube. 

DRIVER 

DRIVER 

(F) 
-C +8 - C 

AMP 

AMR 

Fig. 410 — Direct- or capacity-coupled driver and amplifier stages. The coupling capacity may lie from SO µdd. 
to 0.002 /dd.; it is not critical except is here tapping the coils for control of exritati tttt is not possible. Parallel 
plate feed to the driver and series grid feed to the amplifier may be substituted in any of these circuits ( 13-7). 
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Capacity coupling — Fig. 410 shows several 
types of capacitive coupling. In each case, C 
is the coupling condenser. The coupling con-
denser serves also as a blocking condenser 
(§ 2-13) to isolate the d.c. plate voltage of the 
driver from the grid of the amplifier. The cir-
cuits of C and D are preferable when a bal-
anced circuit is used in the output of the 
driver; instead of both tubes being in parallel 
across one side, the output capacity of the 
driver tube and the input capacity of the am-
plifier are across opposite sides of the tank 
circuit, thereby preserving a better circuit bal-
ance. The circuits of E and F are designed for 
coupling to a push-pull stage. 

In A, B, E and 1,, excitation is adjusted by 
moving the tap on the coil to provide an opti-
mum impedance match. In E and F, the two 
grid taps should be maintained equidistant 
from the center-tap on the coil. 

While capacitive coupling is simplest from 
the viewpoint of construction, it has certain 
disadvantages. The input capacity of the am-
plifier is shunted across at least a portion of the 
driver tank coil. When added to the output 
capacity of the driver tube, this additional ca-
pacity may be sufficient, in many cases, to 
prevent use of a desirable L rut io in circuits 
for frequencies above about 7 Me. 

Link coupling— At the higher frequencies 
it is ndvamitageous in reducing the effects of 
tube capacities on t he L; C ratio to use separate 
tank circuits for the driver plate and amplifier 
grid, coupling the two circuits by means of a 
link (§ 2-11). This method of coupling also 
bas some enastructin red advm n ges, in that 
separate parts of the t ransmit t ir may be con-
structed as separate units without the neces-
sity for running It leads at high r.f. pot(ntial. 

DRIVER 

DRIVER AMP 

(g) 

DRIVER 

(c) 

•1:1 

AMP 

-C 

AMP 

Fig.411— Link eimpling between driver and amplifier. 

Circuits for link coupling are shown in Fig. 
411. The coupling ordinarily is by a turn or 
two of wire closely coupled to the tank induct-
ance at a point of low r.f. potential, such as the 
center of the coil of a balanced tank circuit or 
the " ground" end of the coil in a single-ended 
circuit. The link line usually consists of two 
closely spaced parallel wires; occasionally the 
wires are twisted together, but this usually 
causes undue losses at high frequencies. 

It is advisable to have some means of vary-
ing the coupling between link and tank coils. 
The link coil may be arranged to be swung in 
relation to the tank coil or, when it consists of 
a large turn around the outside of the tank coil, 
may be split into two parts which ran be pulled 
apart or cb)sed somewhat in the fashion of a 
pair of calipers. If the tank coils are wound on 
forms, the link may be wound close to the main 
coil. 
With fixed coils, some adjustment of cou-

pling usually can be obtained by varying the 
number of turns on the link. In general, the 
proper number of turns for the link must be 
found by experiment. 

4J, 4-7 R.F. Power-Amplifier Circuits 

Tetrode and pentode amplifiers— When 
the input, and output circuits of an r.f. ampli-
fier tube are tuned to the same frequency it 
will oscillate as a tuned-grid tuned-plate oseil-
lator, unless some means is provided to elimi-
nate the effects of feed-back through the plate-
to-grid capacity of the tube (§ 3-5). In all 
transmitting r.f. tetrodes and pentodes, this 
capacity is reduced to a satisfactory degree by 
the internal shielding between grid and plate 
provided by the screen. Tel rodes and pentodes 
designed for audio use (such as the 6L6, 6V6, 
6F6, etc.) are not sufficiently well screened for 
use as r.f. amplifiers without employing suit-
able means for nullifying the effect of the grid-
plate capacity. 

Typical circuits of tetrode and pentode r.f. 
amplifiers are shown in Fig. 412. The high 
power sensitivity (§ 3-3) of pentodes and tel-
roues, makes them prone to self-oscillate with 
very small values of feed-back voltage, how-
ever, so that particular care must be used 
to prevent feed-back by nieans external to the 
tube itself. This (' ails for adequate isolation of 
plate and grid tank circuits to prevent unde-
sired magnetic or capacity coupling between 
them. The requisite isolation can be secured 
either by keeping the circuits well separated 
and mounting the coils so that magnetic cou-
pling is minimized, or by the use of interstage 
shielding (§ 2-11). 

Triode amplifiers — The feed-back through 
the grid-plate capacity of a triode cannot be 
eliminated, and therefore special circuit means 
called neutralization must be used to prevent 
oscillation. A properly neutralized triode am-
plifier then behaves as though it were operating 
at very low frequencies, where the grid-plate 
capacity feed-back is negligible (§ 3-3). 
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Fig. 412 — Typical tetrisle.pentisle r.í. amplifier eireuits. 
Ci — 0.01 afil. C2 — 0.001 ail. C3-L — See 1 4-8. 
In circuits for tetrodes, the suppressiir-grid connection 
and its associated by-pass condenser are omitted. 

Neutralization — Neutralization amounts 
to taking some of the radio-frequency current 
from the output or input circuit of the am-
plifier and introducing it into the other circuit 
in such a way that it effectively cancels the 
current flowing through the grid-plate ca ph city 
of the tube, thus rendering it impossible for t he 
tube to supply its own exeitation. For com-
plete neut ralization of the amplifier, t he two 
currents must be opposite in phase § 2-7) and 
equal in amplitude. 

DRIVER 

•14 V - 

AMPLIFIER 

The out-of-phase current (or voltage) can he 
obtained quite readily by using a balanced 
tank circuit for either grid or plate, taking the 
neutralizing voltage from the end of the tank 
opposite that to which the grid or plate is 
connected. The amplitude of the neutralizing 
voltage can be regulated by means of a small 
condenser, the neutralizing condenser, having 
the sanie order of capacity as the grid-plate 
capacity of the tube. Circuits in which the 
neutralizing voltage is obtained from a bal-
anced grid tank and fed to the plate through 
the neutralizing condenser are grid-neutralized 
circuits, while if the neutralizing voltage is 
obtained from a balanced plate tank and fed to 
the grid the circuit is plate-neutralized. 

Plate-neutralized circuits— The circuits 
for plate neutralization are shown in Fig. 413 
at A, B and C. In A, voltage induced in the 
extension of the tank coil is fed back to the 
grid through the neutralizing condenser, C„, to 
balance the voltage appearing between grid 
and plate. ln this circuit, the capacity required 
at C. increases as the tank coil extension is 
made snuiller: in general, neutralization is sat-
isfactory over only a small range of frequencies 
since the coupling between the two sections of 
the tank coil will vary with the amount of 
capacity in use at C. 

In B the tank coil is center-tapped to give 
equal voltages on either side of the center tap, 
the tank condenser being across the whole coil. 
The neutralizing capacity is approximately 
equal to the grid-plate capacity of the tube, in 
this ease. A disadvantage of the circuit, when 
used with the single tank condenser shown, is 
that the rotor of the condenser is above ground 
potential, and hence small cap:i ( ii y changes 
caused by bringing the hand near the tuning 
control (hand capacity) cause detuning. In gen-
eral, neutralization is complete at only one 

AmPutiER 

Jig. .113 — Neutraliz .d triode amplifier circuits. Plate neutralization is shown in A, B and C, si liii, 1), E and F 
show types of grid ne ' utilization. Either capacitive or link coupling may be used midi the circuits of A, B or C. 
C. L — See § 4-8. C -1.5— Grid tank circuit. C. — Neutralizing condenser«. Ci — 0.01 pfd. C2 — 0.001 dd. 
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frequency since the plate-cathode capacity of 
the tube is across only half the tank coil; also, 
it is difficult to secure an exact center-tap. Both 
of these factors cause unbalance, which in turn 
causes the voltages across the two halves of the 
coil to differ when the frequency is changed. 
The circuit of C also uses a center-tapped 

tank circuit, the voltage division being secured 
by use of a balanced (split-stator) tank con-
denser, the two condenser sections being iden-
tical. C. is approximately equal to the grid-
plate capacity of t he tube. In this circuit the 
upper section of the tank condenser is in paral-
lel with the output capacity of the tube, hence 
the circuit can be completely neutralized at 
only one setting of the tank condenser unless a 

Fig. 414— Compen-
sat in g for imbalance in 
the sin gle-t obi) neu-
tralizing circuii. 
the balancing conden-
ser, has a ma‘irmun 
rapacity 5001,,, hat 
larger I liait Ill.. °lapin 

capacity of the tube. 

compei:r li ig capacity ( Fig. 414) is connected 
across the lower section. It is adjusted so the 
neutralizing comlenser need not be changed 
when frequency is shifted. In practice. if the 
capacity in use in the tank cireuit is large com-
pared to the plate-cat liogle capacity the unbal-
ancing effect is not serious. 

Grid-neutralized circuits— Typical cir-
cuits employing grid neutralization are shown 
in Fig. 413 at D, E and F. The principle of bal-
ancing out the feed-back voltage is the saine as 
in plate neutralization. However, in these cir-
cuits the neutralizing voltage may be eit her in 
phase or out of phase with the excitat ion volt-
age on the grid side of the input tank circuit 
depending upon whet her t he tank is divided by 
means of a balanced condenser or a tappegl 
Circuits such ; is those : it 1) and E, neutralized 
by ordinary prove( lure H iiu'rjhed below ), will 
be regenerative when the plate voltage is ap-
plied; the circuit at F will be degenerative. In 
addition the normal unbalancing effects previ-
ously described are present, so that grid neu-
tralizing is less satisfactory than the plate 
method. 
Inductive neutralization— With t his type 

of neutralizatiour. inductive coupling between 
the grid and plate circuits is provided in such a 
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way that the voltage induced in the grid coil by 
magnetic coupling front the plate coil opposes 
the voltage fed back through the grid-plate 
capacity of the tube. A representative circuit 
arrangenient, using a coupling link to provide 
the niutual inductance (§ 2-11), is shown in 
Fig. 415-A. The link coils are of one or two 
turns coupled to the grounded ends of the tank 
coils. Neut ralizatiim is adjusted bv nmving the 
link ( oils in relation to the tank coi Is. Reversal 
of connections to inie nuiy be required for 
proper phasing. Ordinary ii, hid coupling 
between the two cods also multi be used, but it 
is less eonvenient. Inductive neutralization is 
complete only at one frequency siffle the effec-
tive mutual induct;ince changes to some extent 
with tuning, but is useful in cases where the 
grid-plate capacity of the tube is very small 
and suitable circuit balance cannot be obtained 
by using neutralizing condensers. 

Another form of neutralization, known as 
"roil" or " shunt" neutralization. is shown at 
B. Its operation is based on making the induct-
amp of L„ sueh that. together with the grid-
plate capacity of the t urbe, it resonates at the 
operating frequency. C., is merely a plate-volt-
age blocking eondenser. If the Q of the coil 
is sufficiently high, the parallel resonant im-
pedance between grid and plate is much higher 
than the grid-cathode eireuit im tre)lm nee. Be-
cause the system is diflieult to adjust and func-
tions satisfactorily only at one frequency, it is 
used chiefly in fixed-frequency transmittms. 
The variation in Fig. il 4-( is useful for v.h.f. 
In this ari.angement the coil is replaced by a 
parallel line, the effective length of which is 
adjusted until it is resonant when loaded by 
the grid-plate eapacity. 
Push-pull neutralization — With push-

pull circuits two neutralizing condensers are 
used, as shown in Fig. .116. In these circuits, the 
grid-plat e capacities of the tubes and the neu-
tralizing capaeities form a capacity bridge 
(§ 2-11) which is independent of the grid and 
plate tank circuits. Th, ralizing capaeities 
are approximately the same as the tube grid-
plate capacities. Wit ii eleut Ht.:illy similar tubes 
and symmetrical construction (stray capacities 
to ground equal on both sides of the circuit), 
the neutralization is complete and independent 
of frequency. A circuit using a balanced con-
denser, as :it B, is preferred, since it is an aid 
in obtaining good circuit balance. 

(B) 
Fig. 415 — Inductive neutralization circuits. A, link neutralization. B, -coil- or shunt 
neutralization. C, modified shunt neutralizing circuit for v.h.f. using a half-wave line. 



Radio-Frequency Power Generation 103 
Frequency effects— The effects of slight 

.dissymmetry in a neutralized circuit become 
more important as the frequency is raised, and 
may be sufficient at the very-high frequencies 
(or even lower) to prevent good neutralization. 
At these frequencies the inductances and stray 
capacities of even short leads heroine impor-
tant, elements in the circuit, while input load-
ing effects (§ 7-6) may make it impossible to 
get proper phasing, particularly in single-tube 
.circuits. In such cases the use of a push-pull 
amplifier, %vial its general freedom from the 
effects of dissymmetry, is not only much to be 
preferred but may be the only type of circuit 
which can be satisfactorily neutralized. 
Neutralizing condensers— In most cases 

the neutralizing voltage will be equal to the 
.r.f. voltage between the plate and grid of the 

Oftln 

Fig. 416 — -l:rosi-nentralized- push-pull r.f. amplifier 
circuits. Either capacitive or link coupling may lie used. 
C-L — See § 441. C,. — Neutralizing condensers. 
— 0.01 ad. C2 - 0.001 afd. or larger. 

tube, so that for perfect balance the capacity 
required in the neiitr:ilizitig condenser theoret-
ically will he equal to the grid-plate capacity. 
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 neu-
tralizing capacity will increase approximately 
in proportion to t he relative number of turns in 
the two sections 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-
pacity equal to the grid-plate capacity of the 
tube should be chosen. If the grid and plate 
leads are brought through a common base the 
capacity needed is greater, because the tube 
socket and its associated wiring adds some ca-
pacity to the actual interelement capacities. 

When two or more tubes are connected in 
parallel, the neutralizing capacity required 
will he in proportion to the number of tubes. 
The voltage rating of neutralizing con-

densers must at least equal the r.f. voltage 
across the condenser plus the sum of the d.c. 
plate voltage and the grid-bias voltage. 
Neutralizing procedure — The procedure 

in neutralizing is essentially the same for all 
tubes and circuits. The filament of the tube 
should be lighted and excitation from the pre-
ceding 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 t hrough 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 
(me. If the cireuit is out of neutralization, the 
gri(l current will drop perceptibly. as the plate 
tank is tuned through resonanre. As the point 
of neutralization is approached, by adjusting 
the neutralizing capacity 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 neutralization, 
there will be no dip at all. Further change of 
the neutralizing capacity in the same direction 
will bring the grid-current dip back. The neu-
tralizing condenser should always be adjusted 
with a screwdriver of insulating material to 
avoid ha nd-ca pa t y 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 
capacity. In neutralizing a push-pull amplifier 
the neutralizing condensers should be adjusted 
together, step by step, keeping their capacities 
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 capacity is not great 
enough to upset the balance, the action of the 
meter will be the same as in other circuits. 
With high-capacity tubes, however, the meter 
usually will show a gradual rise and fall as the 
plate tank is tuned through resonance, reach-
ing 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 capacity 
to unbalance the circuit slightly, thus upsetting 
the neutralizing. 
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Fig. 417— Inverted amplifier. The number of turns at 
L should he adjusted by experiment to give optimum grid 
excitation. liy-pass condenser C is 0.001 ad. or larger. 

A flashlight bulb connected in series with a 
single-turn loop of wire 214 or 3 inches in 
diameter, with the loop co upleil to the tank 
coil, also will serve as a neutralizing indieator. 
Capacitive unbalance can be avoided by 
coupling the loop to the low-potential part of 
the tank coil. 

Inc ))))) ph•te neutralization— lf a setting 
of the neutralizing condenser can be found 
which gives minimum r.f. current in the plate 
tank circuit without completely eliminating it, 
there may be magnetic or capacity coupling 
between the input and output circuits external 
to the tulie itself. Short leads in neutralizing 
circuits are highly desirable, tilld t he 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 must be at right 
angles to each other. In some cases it may be 
necessary to shield the input ;ind outtnit cir-
cuits from each other. Magnetic coupling can 
be detected by disconnecting the plate tank 
front the remainder of the circuit and testing 
for r.f. in it (by means of the flashlight lamp 
and loop) as the tank condenser is tuned 
through resonance. The driver stage must be 
operating while this is ffinie, of course. 

Wit h single-ended amplifiers there are many 
stray capacities left uncompensated for in the 
neutralizing process. With large tubes, espe-
cially those having relatively high interelec-
trode capacities, these commonly neglected 
stray capacities can prevent perfect neutraliza-
tion. Symmetrical arrangement of a push-pull 
stage is about tile , ffily way to obtain practically 
perfect balance thr,ffighout the amplifier. 
The neutralization of tubes with extremely 

low grid-plate capacity, such as the 61.6, is 
often difficult, sinee it frequently happens that 
the wiring itself will introduce sufficient ca-
pacity between the right points to " over-
neutralize" the grid-plate capacity. The use 
of a neutralizing condenser only aggravates 
the ctindit ion. Inductive or link neutralization, 
as shown in Fig. 415, has been used successfully 
with such tubes. 
The inverted amplifier— The circuit of 

Fig. 417 avoids the necessity for neutralization 
by operating the control grid of the tube at 
ground potential, thus making it serve as a 
shield between the input and output circuits. 
It is particularly useful with tubes of low 
grid-plate rapacity, which are difficult to neu-
tralize by ordinary methods. Excitation is ap-

plied between grid and cathode through the 
coupling coil, L; since this coil is common to 
both the plate and grid circuits the amplifier 
is degunt•rative with the circuit constants 
normally used, hence more excitation voltage 
and power are required for a given out put than 
is the case with a neutralized amplifier. The 
tube used must have low iilate- cathode ca-
pacity (of the order of 1 add. or less) since 
larger values will give sufficient feed-back to 
permit it to oscillate, the circuit then becom-
ing the ultraudion (§ 3-7). Tubes having suf-
ficiently low plate-cathode capacity (audio 
pentod(.s, for example) can be used without 
danger of oscillation at frequencies up to per-
haps 30 Me. or Si). 

41, 4-8 Power Amplifier Operation 

Efficiency— An r.f. power amplifier is 
usually operated Class-C (§ 3-4) to obtain a 
reasonably high value of plate efficiency 
(§ 3-3). The higher the plate efficiency the 
higher the power input that can lie applied to 
the tube without exceeding the plate dissipa-
tion rating (§ 3-2), up to the litnits of other 
tube ratings ( plate voltage and plate current). 
Plate effiviencies of the order of 75 per cent are 
readily obtainable at frequencies up to the 
30 50- Me. region. The orcr-‘111 efficiency of the 
amplifier will be lower by the power lost in 
the tank and coupling circuits, so that the ac-
tual efficiency is less t han the plsite efficiency. 
Operating angle— The operating angle is 

the proportionate part of the exciting grid-
g,- cycle (§ 2-7) during which plate cur-

rent flows-, as shown in Fig. 418. For Class-C 
operation, it is usually in t he vicinity of 120-150 
degrees. With other operating considerations, 
¡Ili-, single result , in an optimum relationship be-
t w eon plate efficiency :ind grid driving power. 
Load impedance— The load impedance 

(§ 3-3) for an r.f. power amplifier is adjusted, 
by tuning the plate tank circuit to resonance, 
to represent a pure n-,istance at the operating 
frequency (§ 2-10). Its value, which usually is 
in the neighborhood of a few thousand ohms, is 
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418 — Instantaneous voltages and currents in a 
Class-C amplifier operating  ler optimum conditions. 
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adjusted by varying the loading on the tank 
circuit, closer coupling to the load giving lower 
values of load resistance and vice versa 
(§ 2-11). The load may be either the grid cir-
cuit of a following stage or the antenna circuit. 

For highest efficiency the value of load re-
sistance should be relatively high, but if only 
limited excitation voltage is available greater 
power output will be secured by using a lower 
value of load resistance. The latter adjustment 
is amunpanied by a decrease in plate effi-
ciency. The optimum load resistance is that 
which, for the maximum permissible peak 
plate current, causes the minimum instan-
taneous plate voltage ( Fig. 418) to be equal to 
the maximum instantaneous grid vgibage re-
quired to cause the peak plate (MUNI t to flow; 
this gives the optimum ratio of plate effi-
ciency to required grid driving power. 

R.f. grid voltage and grid bias— For most 
tubes optimum operating conditions result 
when the minimum instantaneous plate volt-
age is 10 to 20 per rent of the d.c. plate voltage, 
so that the maximum instantaneous positive 
grid voltage must be approximately 1 he same 
figure. Since plate current starts flowing when 
the instantaneous voltage reaches the cut-off 
value (§ 3-2), the d.e. grid voltage must be eon-
siderably higher than cut-off to eg'Mine t he 
operating angle to 150 degrees or less with grid 
bias at cut-off, the angle would be 1N0 degrees). 
For an angle of 120 degrees, the r.f. grid voltage 
must reach 50 per cent of its peak value (§ 2-7) 
at the cut-off point. The eorresponding figure 
for an angle of 150 legre es is 25 per emit. Ilenee, 
the operating bias required is the eut-off value 
plus 25 to 50 per cent of t he peak r.f. grid volt-
age. These relations are shown in Fig. .118. The 
grid bias should be at least t wire eut-off if the 
amplifier is to be plate modulated, so that the 
operating angle will be not less than 'NO de-
grees when the plate voltage rises to twice the 
steady d.c. value (§ 5-3). Because of their rela-
tively high amplification factors, with most 
modern tumbes (' lass-(' operation requires eon-
siderably more t ha n twice cut-off bias to make 
the operating angle fall in the region ment igowl 
above. Suitable operating conditions are usu-
ally given in the data accompanying the type 
of tube used. 

Grid bias may be secured either from a bias 
source (fixed bias), a grid leak (§ 3-6) of suit-
able value, or from a combination of both. 
When a bias supply is used, its voltage regula-
tion should be taken into consideration (§ 8-9). 

Driving power — As indicated in Fig. -118, 
grid current flows only during a small portion 
of the peak of the r.f. grid voltage cycle. The 
power consumed in the grid circuit t hereftire is 
approxinuttely equal to the peak r.f. grid volt-
age multiplied by the average rectified grid 
current as read by a (I.e. milliammeter. The 
peak r.f. grid voltage, if not included in the 
tube manufacturer's operating data, can be 
estimated roughly by adding 10 to 20 per cent 
of the plate voltage to the operating grid bias, 

105 
assuming the operating conditions are as de-
scribed above. 

At frequencies up to 30 Mc. or so, the grid 
losses are practically entirely those resulting 
from grid-current flow. At the very-high fre-
quencies, however, dielectric losses in the glass 
envelope and base materials become appre-
ciable, togetlier wit h losses caused by transit-
time effects (§ 7-6), and may necessitate 
supplying several times the driving power indi-
cated above. At any frequency, the driving 
stage should be capable of a power output 
two to three times the power it is expected the 
grid circuit g if the amplifier will consume. This 
is necessary because losses in the tank and 
coupling circuits must also be supplied, and 
also to provide reasonably good regulation of 
the r.f. grid voltage. Good voltage regulation 
(see § 8-1 for general definition) insures that 
the waveform of the excitation voltage will not 
be distorted because of the changing load on 
the driver luring t lie r.f. cycle. 
Grid impedance — During most of the r.f. 

grid-voltage cycle no grid current is flinving, as 
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capacity of each section of the split-stator condenser 
may be one-balf that shown by the graph. Die values 
given by the granh should he used for circuits A and B. 
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indicated in Fig. 418, hence the grid impedance 
is infinite. During the peak of the cycle, how-
ever, the impedance may drop to very low 
values (of the order of 1000 ohms), depending 
upon the type of tube. Both the minimum and 
average values of grid impedance depend to a 
considerable ext en t on the a m pli ficat ion factor 
of the tube, being lower with tubes having large 
amplification factors. 
The average grid impedance is equal to E2/P, 

where E is tile r.m.s. (§ 2-7) value of r.f. 
grid voltage and P is the grid driving power. 
Under optimum operat ing conditions, values of 
average grid impedance ranging from 2000 ohms 
for high-g tubes to four or five times as much 
for low-g types are representative. Values in 
the vicinity of 4000 to 5000 ohms are typical 
of modern triodes with amplification factors 
of 20 to 30. 

Because of the large change in impedance 
during the cycle, it is necessary t hat the tank 
circuit associated nib the amplifier grid have 
fairly high Q. This is essential to provide suf-
ficient storage capacity so that the voltage 
regulation over the cycle will be good. The 
requisite Q may be obtained by adjusting the 
L/C ratio or by tapping the grid circuit across 
only part of the tank § 
Tank-circuit Q — Ite,,ides serving as a 

means for transforming the actual load resist-
ance to the required value of plate load im-
pedance for the tube, the plate tank circuit 
also should suppress the harmonics present in 
the tube output as a result ofthe wm-sinusuidal 
plate current (§ 2-7, 3-3). For satisfactory har-
monic suppression, a Q of 12 or more (with the 
circuit ful lv loaded) is desirable. A Q this 
order also is helpful from the standpoint, of 
securing adequate cimpling t.4) the I ii I or an-
tenna circuit (§ 2-11). The proper Q can be (1b 
tamed by suitable selection of L l! ratio in 
relation to the optimum plate load resistance 
for the tube (§ 
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For a Class-C amplifier operated under opti-
mum conditions as described above, the plate 
load impedance is approximately proportional 
to the ratio of d.c. plate voltage to d.c. plate 
current. For a given effective Q the tank ca-
pacity required at a given frequency will be 
inversely proportional to the parallel resistance 
(§ 2-10), so that it will also be inversely pro-
portional to the plate-voltage/plate-current 
ratio. 
The tank capacity required on various ama-

teur bands for a Q of 12 is shown in Fig. 419 as 
a function of this ratio. The capacity given is 
for single-ended tank circuits, as shown in Fig. 
420 at A and B. When a balanced tank circuit 
is used the tot al tank capacity required is re-
duced to one-fourth this value, because the tube 
is connected across only half the circuit (§ 2-9). 
Thus, if the plate-voltage plate-current ratio 
calls for a capacity of 200 oofd. in a single-
ended circuit at the desired frequency, only 50 
µµfd. would be needed in a balanced circuit. If 
a split-stator or balanced tank condenser is 
used each section should have a capacity of 
100 µdd., the total capacity of the two in series 
being 50 oa fd. These are " in use" capacities; 
not simply the rated maximum capacity of the 
condenser. Larger values may be used with an 
increase in the effective Q. 
To reduce energy loss in the tank circuit, the 

inherent Q of the coil :Ind condenser should be 
high. Since transmitting coils usually have Qs 
ranging from 100 to several hundred, the tank 
transfer efficiency generally is 90 per cent or 
more. An unduly large (' "L ratio is not advisa-
ble since it will result in large circulating r.f. 
tank current and hence relatively large losses 
in the tank, wit h a consequent reduction in the 
power available for the load. 
Tank constants — When the capacity nec-

essary for a Q of 12 has been determined from 
Fig. 419, the inductance required to resonate 
at the given frequency can be found by means 
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Fig. 420 In circuits .1. It. C. I ) iind E. the peak voltage E will be approximately equal to the .l.c. plate voltage 
applied for c.w. or twice this value for 'phone. In circuits F, G, II, 1, j and K, E will be twice the d.c. Plate voltage 
for c.w. or four times the plate voltage for 'phone. The circuit is assumed to be fully loaded. Tubes in parallel in 
any of the circuits will not affect the peak voltage. Circuits A, C, E, F, G and 11 require that the tank condenser 
be insulated from chassis or ground and that it he provided with a suitabb insulated shaft coupling for t g. 
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of the formula in § 2-10. Alternatively, the re-
quired number of turns on coils of various 
construction can be found from the charts of 
Figs. 421 and 422. 

Fig. 421 is for coils wound on receiving-type 
forms having a diameter of 1.3¡ inches and 
ceramic forms having a diameter of 134 inches 
and winding length of 3 inches. Such coils 
would be suitable for oscillator and buffer 
stages where the power is not over 50 watts. 
In all cases, the number of turns given must be 
wound to fit the length indicated and the turns 
should be evenly spaced. 

Fig. 422 gives data on coils wound on trans-
mitting-type ceramic forms. In the case of the 
smallest form, extra curves are given for 
double spacing (winding turns in alternate 
grooves). This is sometimes advisable in the 
ease of 1-1- and 28- Mc. coils Olen only a few 
turns are required. In all other cases, the speci-
fied number of turns should be wound in the 
grooves without any additional spacing. 
Ratings of components — The peak voltage 

to be expected bet wren the plates of a tank 
condenser depends upon the arrangement of 
the tank circuit as well as the d.c. plate voltage. 
Peak voltage may be determined from Fig. 420, 
which shows all of the commonly used tank-
circuit arrangements. These estimates assume 
that the amplifier is fully loaded; the voltage 
will rise considerably should the amplifier be 
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Fig. 421— Coil-winding data for recciving.type forms, 
diameter 11 2 inches. Curve A — winding length, I 
inch; Curve B — winding length, 11,,,¡ inches; Curve 
C — winding length, 2 inches. Curve C is also suitable 
for coils mound on P,¡-inch diameter transmitting. 
type ceramic forms with 3 inches of winding length. 

operated without load. The figures include a 
reasonable factor of safety. 
The condenser plate spacing required to 

withstand any particular voltage will vary 
with the construction. Most manufacturers 
specify peak-voltage ratings in describing their 
condensers. 

Plate or screen by-pass condensers of 0.001 
pfd. should be satisfactory for frequencies as 
low as 1.7 Mc. Cathode-resistor and filament 
by-passes in r.f. circuits should be not less than 
0.01 pfd. Fixed condensers used for these pur-
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effective diameter, 26 grooves, 7 per inch: Curve 11 
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Curve C ceramic flu-in 2 -inch effeetive diameter, 
32 grooves, 7.1 turns per inch, tuipriixiniatelv: Curve 
1) — ceramic form .1-ineh effeetis e diameter, 28 groos es, 
5.85 turns per inch, approximatelv Curs e E — err 
form eff.,tis e diameter. 26 gros,-. 7 per inch. 
Coils may be wound with either No. 12 or No. 11 wire. 

poses should have voltage ratings 25 to 50 per 
cent greater than the maximum d.c. or a.e. 
voltage across ( hein. 

Interstage coupling condensers should have 
voltage ratings 50 to 100 per cent greater than 
the sum of the driver plate and a midi tier grid-
biasing voltages. 

41 4-9 Adjustment of Power Amplifiers 
Excitation — The effectiveness of adjust-

ments to the coupling between the driver plate 
and amplifier grid circuits can be gauged by the 
relative values of amplifier rectified grid cur-
rent and driver plate current, the object being 
to obtain maximum grid current wit h minimum 
driver loading. The amplifier grid circuit rep-
resents the load on the driver stage, and the 
average grid impedance must therefore be 
transformed to the value for optimum driver 
operation (§ 4-8). 

With capacity coupling, either the driver 
plate or amplifier grid must be tapped down on 
the driver tank coil, as shown in Fig. 410 at A 
and 13, unless the grid impedanee is approxi-
mately the right value for the driver plate load, 
when it will be satisfactory to connect both 
elements to the end of the tank. If the grid im-
pedance is lower than the required driver plate 
load, Fig. 410-A is used; if higher, Fig. 410-B. 
In either case, the coupling which gives the 
desired grid current wit ii minimum driver load-
ing should be determined experimentally by 
moving the tap. Should both plate and grid be 
connected to the end of the vircuit it is s, one-
times possible to control the loading, when the 
grid impedance is low, by varying the capacity 
of the coupling condenser, C, but this method 
is not altogether satisfactory since it is simply 
an expedient to prevent driver overloading 
without giving suitable impedance matching. 
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In push-pull circuits the method of adjust-
ment is similar, except that the taps should 
be kept symmetrically located with respect to 
the center of the tank circuit. 

With link coupling, Fig. 411, the object of 
adjustment is the same. The two tanks are 
first tuned to resonance, as indicated by maxi-
mum grid current, and the coupling adjusted 
by means of the links (§ 4-6) to give maximum 
grid current with mini mum driver plate cur-
rent. This usually will suffice to load the driver 
to its rated output, provided the driver plate 
and amplifier grid tank circuits have reasonable 
values of Q. If the Q of one or both of the cir-
cuits is too low, it may not be possible to load 
the driver fully with any adjustment of link 
turns or coupling at either tank. In such a case, 
the Qs of the tank circuits must be increased to 
t he point where adequate coupling is secured. 
If the driver plate tank is designed to have a Q 
of 12, the difficulty almost invariably is in the 
amplifier grid tank. The Q can Is, increased to a 
suitable value either by adjust nient of the L/C 
ratio or by tapping the load across part of the 
coil (§ 

Whatever the type of coupling, a preliminary 
adjustment should be made with the proper 
bias voltage and or grid leak, but with the 
amplifier plate voltage off; then the amplifier 
should be carefully neutralized. After neutrali-
zation the driver-amplifier coupling should be 
readjusted for optimum power transfer, after 
which plate voltage may be applied and the 
amplifier plate circuit adjusted to resonance 
and coupled to its load. Under actual operating 
conditions the grid current decreases below the 
value obtained without plate voltage on the 
amplifier and the effective grid impedance 
rises, hence the final adjustment is to re-check 
the coupling to take care of this shift. 

With recommended bias, the grid current ob-
tained before plate voltage is applied to the am-
plifier should be 25 to 30 per cent higher than 
the value required for operating conditions. 
If this value is not obtained, and the driver 
plate input is up to rated value, the reason may 
be either improper matching of the amplifier 
grid to the driver plate or simply insufficient 
power output from the driver to take care of all 
losses. Driver operating voltages should be 
checked to assure they are up to rated values. 
If batteries are used for bias and are not strictly 
fresh, they should be replaced, since batteries 
which have been in use for some time often 
develop high internal resistance which effec-
tively acts as additional grid-leak resistance. 
If a rectified a.c. bias supply is used, the 
bleeder or voltage-divider resistances should 
be checked to make certain that low grid cur-
rent is not caused by greater grid-circuit re-
sistance than is recommended. In this connec-
tion it is helpful to measure the actual bias 
when grid current is flowing, by means of a 
high-resistance d.e. voltmeter. There is also 
the possibility of loss of filament emission of 
the amplifier tube, either from prolonged serv-

ice or from operating the filament, under or 
over the rated voltage. 

Plate tuning — In preliminary tuning, it is 
desirable to use low plate voltage to avoid 
possible damage to the tube. With excitation 
and plate voltage applied, rotate the plate tank 
condenser until the plate current dips. Then set 
the condenser at the minimum plate-current 
point (resonance). When the resonance point 
has been found, the plate voltage may be 
increased to its normal value. 

With adequate excitation, the off-resonance 
plate current of a triode amplifier may be two 
or more times the normal operating value. 
With screen-grid tubes the off-resonance plate 
current may not be much higher than the nor-
mal operating value, since the plate current is 
principally determined by the screen rather 
than the plate voltage. 

Under reasonably efficient operating comb-
thins the minimum plate current with the 
amplifier unloaded will be a small fraction of 
the rated plate current for the tube (usually a 
fifth or less), since with no load the parallel 
impedance of the tank circuit is high. If the ex-
citation is low the "(lip" will not be very 
marked, but with adequate excitation the 
plate current at resonance wit hout loading will 
be just high enough so that the d.e. plate 
power input supplies all the losses in the tube 
and circuit. As an indication of probable effi-
ciency, the mini mum plate current value 
should not be ta ken too seriously, because 
without load the Q of 
the circuit is high and 
the tank current rela-
tively large. When 
the amplifier is de-
livering liover to a 
load, the circulating 
current drops consid-
erably and the tank 
losses correspondingly 
decrease. High mini-
mum unloaded plate 
current is chiefly en-
countered at 28 Mc. and above, where tank 
losses are higher and the tank L/C ratio is 
usually lower than normal because of irre-
ducible tube capacities. The effect is particu-
larly noticeable with screen-grid tubes, which 
have relatively high output capacity. Because 
of the decrease in tank r.f. current with loading, 
however, the actual efficiency under load is 
reasonably good. 

With the load (antenna or following amplifier 
grid circuit) connected, the coupling between 
plate tank and load should be adjusted to make 
the tube take rated plate current, keeping the 
tank always tuned to resonance. As the output 
coupling is increased the minimum plate cur-
rent also will increase, about as shown in Fig. 
423. Simultaneously the tuning becomes less 
sharp, because of the increase in effective re-
sistance of the tank. If the load circuit simu-
lates a resistance, the resonance setting of the 
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Fig. 423 — 'typical behav-
ior of 11.c. plate current 
vs. tuning capacity in the 
plate circuit of au amplifier. 
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tank condenser will be practically unchanged 
with loading; this is generally the case, since 
the load circuit usually is also tuned to reso-
nance. A reactive load (such as an antenna or 
feeder system not tuned exactly to resonance) 
may cause the tank condenser setting to 
change with loading, since reactance as well as 
resistance is coupled into the tank (§ 2-11). 
Power output — As a check on the opera-

tion of an amplifier, its power output may be 
measured by the use of a load of known re-
sistance, coupled to the amplifier output as 
shown in Fig. 424. At A a thermoammeter, M, 
and a noninductive (ordinary wire-wound re-
sistors are not satisfactory) resistance, R, are 
connected across a coil of a few turns coupled 
to the amplifier tank coil. The higher the re-
sistance of R, the greater the number of turns 
required in the coupling coil. A resistor used 
in this way is generally called a "dummy an-
tenna," since its use permits the transmitter 
to be adjusted without actually radiating 
power. The loading may readily be adjusted 
by varying the coupling between the two coils, 
so that the amplifier draws rated plate current 
when tuned to resonance. The power output is 
then calculated from Ohm's Law: 

P (watts) -= I2R 

where / 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. l'or higher powers, the units may be 
connected in series-parallel. '1'lle meter scale 
required for any expected value of power out-
put may also be determined from Ohm's Law: 

I -=-• 

Incandescent light bulbs can be used to re-
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. 424-B 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. 
424-B is used. 
harmonic suppression — The most im-

portant step in the elimination of harmonic 
radiation (§ 4-8, 2-12) is to use an output tank 
circuit having a Q of 12 or more. Beyond this 
it is desirable to avoid any considerable amount 
of over-excitation 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 radiate( i when distortion is present, 
and consequently the antenna coupling system 
preferably should be selected with harmonic 
transfer in mind (§ 10-6). 
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 are helpful, since the two tank cir-
cuits provide more attenuation than one at the 
harmonic frequencies. However, the advan-
tages of link coupling it) this respect may be 
nullified unless the Q of the grid tank is high 
enough to give g()Oil volt age regulation, which 
minimizes ha run c transfer and thus pre-
vents distortion in the grid circuit. 
The stray capacity between the antenna 

coupling coil and the tank coil may be sufficient 
to couple harmonic energy into the antenna 
system. This coupling may be eliminated by 
the use of electrostatic shielding (Faraday 
shield) between the two coils. Fig. 425 shows 
the construction of such a shield, while Fig. 426 
illustrates the manner in which it is installed. 
The construction shown in Fig. 425 prevents 
current flow in the shield, which would occur 
if the wires formed closed circuits since the 
shield is in the magnetic field of the tank coil. 

Fig. 424 —"Dummy 
antenna' circuits for 

checking post Cr output 

and making operating 

ad jo-tinents tinder load 

mithout apph in g pm% er 

to the actual antenna. 

&nk circuit 
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LIM circuit 

circwt 
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No Connections 
here ) 

Conductors 
joined! ere 

Should this occur, there would be magnetic 
shielding as well as electrostatie; in addition, 
there would be a power loss in the shield. 
Improper operation— Inexstet neutraliza-

tion or stray coupling between plate and grid 
circuits may result in regeneration. This effect 
is most evident with low excitation, when the 
amplifier will show a sudden increase in out put 
when the plate tank circuit is tuned slightly 
to the high-frequency side of resonance. It is 
accompanied by a pronounced increase in 
grid current . 

Self-oscillat in is apt to occur with tubes of 
high power sensitivity, such as the r.f. pentodes 
and t et nodes. In event of either regeneration 
or oscillation, cireuit components should be 
arranged so that those in the plate circuit are 
well isolated front those of the grid circuit. 
Plate and grid lends should be made as short 
as possible and the screen should be by-passed 
as close to the socket terminal :IS possible. A 
cylindrical shield surrounding the lower portion 
of the tube up to the lower edge of the plate is 
so ineti mes reqiii red. 
"Double resonance," or t wo tuning spots on 

the plate-tank cinidenser, one giving minimum 
plate current and the other maximum power 
output, may occur when the tank circuit Q is 
too low (§ 2-10). A similar effect also occurs 
at times wit h screen-grid amplifiers when the 
screen-voltage regulation (§ 8-1) is poor, as 
when the screen is supplied through a dropping 
resistor. The semen voltage decreases with a 
decrease in plate current. been' se t lie screen 
current increases under the same conditions. 
Thus t he min.inum plate-current pieillt causes 
the screen voltage, a nd hence the power output, 
to be less t han 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 (§ 2-4). 
The electrons so emitted are attracted to the 
plate, further increasing the power input and 
heating, so t hat grid entissif in 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. 

Fig.425 — The Faraday elec-
trostatic shield for eliminating 
capacitive transfer of har-
monic energy. It is made of 
parallel conductors, insulated 
from each other except at one 
end where all are joined. Stiff 
wire or small diameter rod 
may loe use.l. - paced about the 
diameter of the wire or rod. 
The shield should be larger 
than the diameter of the coil 

(1. 4-10 Parasitic Oscillations 

Description— If the circuit conditions in 
an oscillator or amplifier are such that self-
oscillation exists at si nu• frequency other than 
that desired, the spurious oseilla'ion is termed 
parasitic. The energy required to maintain a 
parasitie oseillation is wasted insofar as useful 
output is eoncerned, hence an oscillator or 
amplifier having parasitirs will operate at re-
duced efficiency. In addition, its behavior at 
the operating frequency often will be erratic. 
Parasitic oseillations may be either higher or 
lower in frequency tut itt t he operating frequency. 
The parasitic oseillation usually starts the 

instant plate voltage is applied. or, when the 
amplifier is biased beyond cut-off, at the instant 
excitation is applied. In the latter case, the 
oscillation frequently will be self-sustaining 
after the excitation has been removed. At ut her 
times the oscillai h ut may not be self-sustain ing, 
hemming active only in the presence of excita-
ti(in. It may be apparent only by the pnoluc-
tion of abnormal key clicks (§ 6-1) over a wide 
frequency range, cir by the presence of spurious 
side-bands ( § 5-2) with ' phone modulation. 
Low-frequency parasitics— Parasitic os-

cillations at low frequencies (usually 500 kc. or 
less) are of the tuneil-plate tuned-grid type, 
the tuned circuits being formed by r.f. chokes 
and as,,,c•iatud by-pass and muffling condens-
ers, with the regular tank tuning condensers 
having only a minor effect on the oscillation. 
The operating-frequeney tank coil has negligi-
ble inductance for suet' low frequencies and 
may be short-eircuit oil without affecting the 
oscillathins. The oscillations do not occur when 
no r.f, chokes are used, henve whenever possible 
in series-fed circuits such chokes should be 
omitted. With single-ended amplifiers, it is 
usually possible to arrange the circuit so that 
either the grid or plate circuit needs no choke. 
In push-pull stages having ehokes in both plate 
and grid cireuits, it is helpful to mimeo an 
unby-passed grid leak from the. choke to the 
bias supply or ground, thus plaeing the re-
sistanee in lite parasit ie circuit and tending to 
prevent useillat tun. NVItcn the driver plate 
circuit has parallel feed and t he amplifier grid 
circuit series feed (§ 3-7) I his type of oscillation 
cannot orcur if no choke is used in t he series 
grid circuit, since the grid is griamded through 
the tank coil for the parasit iv frequency. 

Parasities near operating frequency— In 
circuits utilizing a tap on the plate tank coil 
to establish a ground for a balanced neutralizing 
circuit, such as Fig. 413-1i, a parasitic oscilla-
tion may be set up if the amplifier grid is 
t am ted down on the grid tor driver plate) tank 
eirettit fur ailjustinent of driver-amplifier cou-
'ding (§ 4-6). In this ease the turns between grid 
and ground and between plate and ground 
form, with the stray and other capacities pres-
ent, a t.p.t.g. circuit ( § 3-7) which oscillates at a 
frequency somewhat higher titan the nominal 
operating frequency. Such an oscillation can 
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be prevented by dispensing with the taps in 
either the plate or grid circuit. Balancing the 
plate circuit by means of a split-stator con-
denser (Fig. 4I3-C) is recommended. 

Very-high-frequency parasitics— Para-
sitics in the v.h.f. region are likely to occur 
with any amplifier having a balanced tank cir-
cuit, particularly when associated with neutral-
izing connections. The parasitic resonant cir-
cuit, formed by the leads connecting the vari-
ous components, may be of either the t.p.t.g. 
or the ultrandion type. 
The frequency of sueh oscillations may be 

determined by connecting a tuned circuit in 
series with the grid lead to the tube. A variable 
condenser (50 or 100 apfd.) may be used, in 
conjunction with three or four self-supporting 
turns of heavy wire wound into a coil an inch or 
so in diameter. With the amplifier oscillating at 
the parasitic frequency, the condenser is slowly 
tuned through its range until oseillations cease. 
If this point is not found on t he first trial, the 
turns of the coil may be spread apart or a turn 
removed and the process repeated. The use of 
such a tuned circuit as a trap is an almost cer-
tain remedy if the frequency can be deter-
mined, and introduces little if any loss at the 
operating frequency. 
An alternative cure, which is feasible when 

the oscillation is of the t.p.t.g. type, is to de-
tune the parasitic circuit in eit her t he plate or 
grid circuit. Since this type of ieseillation occurs 
most frequently wit h push-pull amplifiers, 
it may often be cured by making the grid and 
plate leads to their respective tank circuits of 
considerably different length. Similar consid-
erations apply to neutralizing connections in 
push-pull circuits. The extra wire length may 
be coiled up in the form of a so-called " choke," 
which in this case is simply additional induc-
tance for detuning the parasitic circuit. 

Testing for parasitic oscillations— An 
amplifier always should be tested for parasitic 
oscillations before being considered ready for 
service. The preferable method is first to 
neutralize the amplifier, then apply suflieient 
fixed bias to permit a moderate value of plate 
current to flow without excitation. (The plate 
current should not be large enough to cause 
the power input, to exceed the rated plate dis-
sipation of the tube.) If the amplifier is free 
from self-starting parasities, the plate current 
will remain steady as the tank condensers are 
varied: also, there will be no grit I eu riel  and 
a neon bulb touched either to the plate or 
grid will si tow 110 glow. Extreme rare must be 

.lank coy 
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Fig. 126 — Methods of using Faraday shields. Two 
are required t, 11h a push-pull or balanced tank circuit. 

used not to let the hand come into contact 
with any metal parts of the transmitter when 
using the neon bulb. 

If any of these effects are present, the fre-
quency of the parasitic must first be deter-
mined.. If r.f. chokes are used in both the plate 

ro 
couphey 
and &as 
Ceautt 

(A) 

ro 
toopb.o9 

Unkq 
ej,eu,ts 

(8) 

Fig. 427 — Frequene -multiplying circuits. A is for 
triodes, used either singly or in parallel. The push. 
push doubler is show n at It. k r r type of coupling may 
be used between the grid circuit and the driver. Cu 
should he 0.01 aftl. or larger; C.2., 0.001 Mfd. or larger. 

and grid circuits, one of them slit wit be short-
circuited to determine if t he oscillatit tit is at a 
low frequency: if so, it may be eliminated by 
the methods outlined above. If the test indi-
cates that the parasitic is not a low-frequency 
oscillat ion, the gri d trap described above should 
be tried for the v.h.f. type. The type which 
occurs near the operating frequency will not 
exist unless the plate and grid tank coils are 
both tapped, ht re may he eliminated from 
consideration if t his is not the case in the cir-
cuit used. When such an oscillation is present 
its existence can be detected by moving the 
grid tap to include the ‘vliole tank cirenit, 
whereupon the oscillation will vease. 
Some indication of t he frequency of the para-

sitic can be obtained from the color of the 
glow in the neon bulb. Usually it will be yellow-
ish with low-frequency oscillations and violet 
with v.h.f. oscillations. 

If the amplifier is stable under the condi-
tions described above, excitation should be 
applied and then removed to ascertain if a self-
sustaining oscillation is set up with excitation. 
If the plate current does not return to the 
previous value when the excitation is cut off, 
the sanie tests should be applied to determine 
t he parasitic frequency. 

As a final test, the transmitter should be put 
on the air and a near-by receiver tuned over 
as wide a frequency range as possible, to locate 
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any off-frequency signals associated with the 
radiation. Parasities usually can be recognized 
by their poor stability as contrasted to the nor-
mal harmonies of the signal, which will have 
the same stability as the fundamental signal as 
well as the usual harmonic relationship. Har-
monics should be quite weak compared to the 
output at the fundamental frequency, whereas 
parasitic oscillations may have considerable 
strength. 

(1. 4-11 Frequency Multiplication 

Circuits— A frequency multiplier is an 
amplifier having its plate tank circuit tuned 
to a multiple ( harmonic) of the frequency ap-
plied to its grid. The difference between a 
straight amplifier (§ 4-1) and a frequency mul-
tiplier is in the way in which it is operated, 
rather than in the circuit. However, since the 
grid and plate tank circuits are tuned to differ-
ent frequencies a triode frequency multiplier 
will not self-oscillate, hence does not need neu-
tralization. A typical circuit arrangement is 
shown in Fig. 427,1. For sereen-grid multi-
pliers, the circuit is the sanie as in Fig. 412-A. 
Under usual eonditions the plate efficiency of a 
frequency molt iplier drops off rapidly with an 
increase in the number of ti nies the frequency 
is multiplied. For this reason most multipliers 
are used as frequency doublers, giving second 
harmonic output. 
A special circuit for frequency doubling 

("push-push" chnibler) is shown in Fig. 427-1L 
The grids of the tubes are in push-pull and the 
plates in parallel, t hits the plate tank receives 
two pulses of plate current for each cycle of 
excitation frequency. Tice circuit is similar to 
that of it full-wave rectifier (§ 8-3), where the 
output ripple frequency is twice the applied 
frequency. 

Push-pull amplifiers are suitable for fre-
quency multiplication at odd harmonies, par-
ticularly the third, but they are unsuited to 
even-harmonic Inuit i pl Ica film because the 
even harmonies are largely balanced out in the 
push-pull tank circuit § 3-3). 
Operating conditi #### s and circuit con-

stants— To obtain good efficiency the operat-
ing angle at the harmonic frequency must be 
180 degrees or less, preferably in the vicinity 
of 150-120 degrees (§ 4-8). In a doubler, this 
means that plate current should flow during 
only half this angle of fundamental frequency. 
Consequently the r.f. grid voltage, operating 
bias, and grid driving power must be increased 
considerably beyond the values ibtaining for 
normal Class-( amplification. For comparable 
plate efficiency the bias will ordinarily be four 
to five times the normal Class-C bias, and the 
r.f. grid voltage must be considerably larger 
to drive the tube to the same peak plate cur-
rent. Since the plate and grid current pulses 
under these conditions have the same peak 
amplitudes but only half the time duration as 
in a straight amplifier, the average de. values 
should be one-half those for normal Class-C 

operation. That is, a tube operated in this way 
will have the same plate efficiency as a Class-C 
amplifier but can be operated at only half the 
plate input, so that the output power also is 
halved. The driving power required usually is 
about twice that necessary with straight-
through amplification to obtain the same plate 
efficiency. 

Greater output can be secured by using a 
larger operating angle (lower grid bias) or a 
lower plate load resistance, to increase the plate 
current; but this is accompanied by a decrea.se 
in efficiency. Since operation of the tube as 
described in the preceding paragraph is below 
its maximum plate dissipation rating, the 
decreased efficiency usually can be tolerated in 
the interests of securing more power output. 
In practice, an efficiency of 40 to 50 per cent is 
about average. 
The tank circuit should have reasonably high 

Q ( 12 is satisfactory) to give good output volt-
age regulation (§ 4-9), since a plate-current 
pulse occurs only once for every two cycles of 
the output frequency. A low-Q circuit (high 
L/C ratio) is helpful chiefly when the operating 
angle is greater than 180 degrees at the second 
harmonic. Such a tank circuit will have rela-
tively high impedance to the fundamental-
frequency component of plate current which is 
present with large operating angles, and thus 
will aid in reducing the average d.c. plate cur-
rent. 
The grid impedance of a frequency multiplier 

is considerably higher than that of a straight-
through amplifier, because of the high bias 
voltage. The average impedance can be calcu-
lated as previously described (§ 4-8). The 
L/C ratio of the grid tank circuit may be 
higher, therefore, for a given Q. Often it is ad-
vantageous to use a fairly high ratio, since a 
large r.f. voltage must be developed between 
grid and cathode. However, it must not be 
made too high (Q too low) to permit adequate 
coupling between the grid tank circuit and the 
preceding driver stage. 

It may prove nece-•sary to step up the driver 
output voltage to obi titi sufficient r.f. grid volt-
age for the doubler: this can be done by tap-
ping the driver plate on its tank circuit, when 
rapacity coupling is used, or by similar tapping 
down or the use of a higher CIL ratio in the 
driver plate tank when the stages are link-
coupled (§ 4-6). 
Tubes for frequency multiplication — 

There is no essential difference between tubes 
of various characteristics in their performance 
as frequency doublers. Tubes having high 
amplification factors will require somewhat 
less bias for equivalent operation but the grid 
driving power needed is almost independent of 
the µ, assuming tubes of otherwise similar con-
struction and characteristics. Pentodes and 
tetrodes will, as in normal amplifier operation, 
require less driving power than triodes for 
efficient doubling, although more power will 
be needed than for straight amplification. 
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Fig.. 428 Iligh-Q pe I it'd-constant tank 
circuit as used in v.h.f. tors. The tank, shown in 
cross-section, is made of concentric closed cylinders. 

«[. 4-12 Very-High-Frequency Oscillators 

high -Q circuits IC W. 
To obtain reasonably high effeetive Q when a 
low resistance is connected across the tank 
circuit, it is necessary to use a high C J. rat iu 
and a tank of inherently high Q (§ 2-10). At 
low frequencies the inlu-rent Q of any well-
designed circuit will be high enough so that it 
may be neglected in comparison to the effec-
tive Q when htaded, so tlmt no special pre-
cautions have to be taken with respect to the 
resistance of coils and condensers. At the very-
high frequencies these internal resistances are 
too large to be ignored, however. 

Reduction of the L, (I ratio will not increase 
the effective Q unless the internal resistance of 
the tank can be made very small. This resist-
ance can be reduced by use of large conducting 
surfaces and elimination of radiation. In su -It 
cases special lumped-constant tank circuits 
(§ 2-12) are used. The oscillator shown in Fig. 
428-A uses a " pot"-type tank in the tickler 
circuit (§ 3-7), with the feed-back coil in the 
grid circuit: this inductance is the wire 11 in 
the diagram. Output is taken front the tank 
by means of a hairpin coupling loop. 

Fig. -128-B corresiumals to the shunt-Uul 
Hartley circuit. Such a tank also may be used 
in the ultraudion circuit. A variable muulenser 
may be connected across the tank for tuning, 
although the Q may be reduced if a consider-
able portion of the tank r.f. current flows 
through it. 

Linear Circuits— A quarter-wave or half-
wave line, either of the parallel-eonduetor open 
type or of the ,, taxial type, is equivalent to a 
resonant circuit § 2-12 and can be used as the 
tank circuit (§ 3-7) in an oscillator. 
The resonant line is usually constructed of 

thin-walled copper tubing, rather than wire, 
since this reduces resistance and provides a 
mechanically stable eirodt. particularly at the 
lower frequencie,;. At frequencies abtive 100 
Mc. flat copper strip conductor of equivalent 
cross-section may be used for parallel-line cir-
cuits with comparable efficiency. Frequency 
can be changed by moving a shorting bar or 
condenser to change the effective line length, 

or by reducing its length and loading it to reso-
nance by connecting a low-capacity variable 
condenser across the open end of the line. The 
added capacity makes it necessary to shorten 
the line considerably for a given frequency. 
This, together with the additional loss in the 
condenser, causes a decrease in Q. These effects 
will be less if the condenser is connected down 
on the line. Tapping down also gives greater 
bandspread effect ( § 7-7). 

At, very high frequencies an adequate 
ground connection for the cathode circuit he-
roines a problem because of the inductance of 
the cathode lead. Special tubes are available 
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Fig. 429 — Typical single-tube parallel-line oscillators. 
Constants and applications are discussed in the text. 
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big. 430 Push-pull parallel-line i,seillator eircuite. 

with two or three eat hode leads run-
neeted in parallel, these reduce the effective 
inductance. With ordinary tubes, coils may 
be inserted in the filament circuit to com-
pensate for the effects of the internal induct-
ance. The effective length of the filament cir-
cuit should be one-half wavelength, to bring 
the cathode filament to the same potential as 
the shorted ends of the tank lines. The added 
inductance Hqpiired must, be determined by 
experiment. the coils being adjusted for op-
timtun stability and power output. 
Another method is to use a tuned line in the 

filament cirenit, adjusting its length so that t he 
electrical length of the line plus that of the 

filament is one-half wavelength. A convenient 
arrangement is the use of a coaxial (or trough) 
line with an initial length of about wave-
length. A shorting disc in the form of a mov-
able plunger equipped with an extension han-
dle may be provided for ease of adjustment. 
With filament-type tubes one such line will be 
required for each filament leful. In the ease of 
cathode-type tubes only one line is necessary, 
the cathode and one side of the filament being 
connected to t he ' doer conductor and the other 
filament connection being made by an in-
sulated lead running through a hollow-tubing 
inner conductor. The return lead should be 
Ity-pasyt1 Li here it emerges frtint thy line. 
The antenna or ut lier load may be columned 

through blocking condensers direct, to the line 
.thc correct point being determined experi-
mentally ,. Alternatively, a hair-pin coupling 
link or, in the ease of an oscillator-amplifier 
system, direct inductive coupling to the grid 
lim• of the amplifier may lw used. 

highest-frequieney operation separate 
lines must be used for each elyetrode — grid, 
plate and cathode. This places all of the inter-
elect rode capacities in series, reducing the 
loading effect. Still higher frequencies can be 
reached by using double-lead tubes(Fig. 429-E), 
in whieh ease the leads form an integral part of 
t he line and the interelect rode capacities are 
divided bet ween the t quarter-wave seetions. 

Parallel-line oscillators— Typical parallel-
line oscillator circuits are shown in Fig. 429. In 
A, a Aiorting eundenser , whieli may be either a 
fixed blocking 1,oinlenser or a small variable 
which will pnbviile a limited tuning range) is 
used to bridge the line at the voltage node; 
the frequency can also he changtul by sliding 
the shorting condenser along the line. 
The eirruit at B eliminates the need for a 

blocking condenser at the voltage mph., where 
the ri. cirrent reaches its maximum value. 
An r.f, choke may be inserted bet ween the 
grid and " he associated grid resistor. This 
circuit also c'tut be resonated either by a vari-
able condenser. C, or by a sliding bat: as indi-
cated by the dashed line. 

Fig. 429-(' uses a half-wave open-ended line. 
The grid ; onl plate feed connections are made 
at no‘Ial points on t he line. As indicated on the 
diagram. these olo not occur at the physical 
upliter ut the line because of the loading effect 
of the tube. In practice, the position of the 
taps, as well as the over-all length of the line, 
are adjusted to obtain maximum grid current. 
Csing tlds circuit, a 955 acorn or a 9002 can be 
made to oscillate up to 600 or 700 Mc. 

429-0 is a variation of the above pref-
erable for use with tubes having grid and 
plate terminals at .opposite ends of the en-
velope. The circuit of Fig. 429-E is most useful 
with double-lead tubes. To attain high output 
at the maximum operating frequency, the de-
sirable arrangement is to use two or more 
double-lead tubes, each in a circuit such as 
this, with the lines connected end to end. 
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Push-pull parallel-line oscillators — It is 

often advantageous to use push-pull oscillator 
circuits at the very-high frequencies, not only as 
a means to secure more power output, but also 
for better circuit symmetry. In addition, the 
interelectrode capacities of the push-pull tubes 
are in series across t he point of conneet ion to 

the t a nk• i111.:tix .itt ( •lihence)e 1Z ‘a.(•;Ile:-is eff(Y 1 t 

Fig. 430 shows typical push-pull circuits of 
this type. Figs. 430-A. -B and -C all employ t he 
same circuit — the t.p.t.g. type (§ 3-7). The 
grid line is usually operated as the frequency-
controlling circuit, sinee it is not assoviateil 
with the load and hence its Q van be kept, high. 
The same adjustment considerations apply as 
in the case of single-tube oseillators. Grid taps 
in particular should be tapped down as far as 
possible, to improve the frequency stability. 

In Fig. 430-A, a conventional coil-and-eon-
denser tank is used in the plate circuit where 
the lower Q does not have so great an effect on 
frequency stability. Vor maximum effieiency 
the use of a linear out put circuit is desirable at 
the higher frequencies, however. This is shown 
at B, and at C with to dat ing r.f. chokes in the 
filament circuit. 

Fig. 430-1) shows a push-pull oscillator luw-
ing tuned plate and cathode lines, t he eathode 
circuit hieing tuned with a quarter-wave line 
which controls excitation and, to some extent, 
tuning. The grids are commuted together and 
grounded through the grid leak. /? i: ordinalilY 
no by-pass condt•nser is needed a eta /? i. This 
circuit gives good power output at very- high 
frequencies, but is not espeeially stable unless 
the plates are tapped down en the plate tank 
circuit to avoid too great a reiluet ion in Q. 
Tapping on the cathode line is not feasible for 
mechanical reasons. With ordinary tubes this 
oscillator is capable of higher-frequency opera-
tion than the conventional t.g.t.p. type, and it 
has been found particularly useful on 221 Mc. 
The symmetrival circuit at E is preferable 

above 200 Mc. Coaxial or equivalent lines 
may be used instead if i'.í. chokes in the fila-
ment circuits for WI rahigh-frequeney opera-
lion. With 1 his modification, am (assuining 
the use of double-lead tubes) by the addition 
of quarter-wave sections at vac I end, this 
circuit may be considered equivz lent to the 
center section of a double linear tsrillator Os 
discussed in connection with Fig. 29-E. 
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the neighborhood of 300 Mc, the radietion loss 
2-121 from open lines greatly reduees the Q, 

because t he condttet or spacing unavoidably be-
comes an appreviable fraet ion of a wavelength. 
Consequently, these frequencies and higher 
coaxial lines. in which the field is eonfi•ted inside 
the line Si) that radiation is negligible, are used. 
A further advantage is that the outside of 
the line is " that is, no r.f. potentials 
develop bet ween points on the outer surface. 
While the coaxial line is also advanfitgeous at 
lower frequencies, it is more compficated to 
construct, and adjust, than parallel lines. 

For ease of vonstructifm, the corixial line 
sometimes is modified into a " trough," in 
which the cross-section of t he outer conduetor 
is in the shape of a square U. one side being 
h' ft open fin. tapping and zoljustment of the 
inner conductor. Some radiation takes place 
with t his type of emist ruetbm, although not 
so much as with open lines. 
The conventional coaxial-line oscillator cir-

cuits shown in Fig. 431 illustrate the applica-
tion of two basic circuits -- the Bartley and 
the t.g.t.p. — to both cathode-type and fila-
mentary t ubes. The tube loads the line, as pre-
viously deseribed: henee the actual length is 
always shorter than a quarter wavelength. The 
kngth can be adjusted by a short-circuiting 
sliding plunger. a close-fitting low-resistance 
contact being necessary to avoid losses. The 
i mer conductio• may also have a short tight-

(c) (D) 
Fig. 431 — Single-tube ‘.. 11.f, coaxial-line oscillators. A and hi use llarticy circuits; C and D are t.g.t.p. equivalents. 
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Fig. 433 — Push-pull 
coaxial-line oscillators. 
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fitting extension tube which is slid in or out to 
change the effective conductor length. 
The t.g.t.p. circuits are somewhat easier to 

adjust and load as well as to construct. I it it are 
not as satisfactory from the standpoint of 
frequency stability because of react hut on the 
frequency-controlling grid line by the tuning of 
the output circuit. The grid tap should be as 
far down on the line as will permit reliable 
oscillation under load. Under some conditions 
the addition of a small adjustable feed-bark ca-
pacity between grid and plate tint only permits 
a lower tap location but also increases the 
upper frequency limit obtainable by advancing 
the phase of the grid excitation to compensate 
partially for transit-time lag in the tube. 

In the Hartley circuit at A. an output tap is 
provided on the inner conductor. At B induc-
tive output coupling by means of a half-turn 
"hairpin" is shown; loading can be changed to 
some extent by varying its position. 

432 shows two types of coaxial-line 
oscillator circuits designed particularly for 
operation near the upper frequency limits for 
negative-grid tubes. The circuit at A, with 
quarter-wave grid and plate lines and a half-
wave filament line, is convenient for use with 
single-lead tubes such as the 955 and 316-A. 
With the three lines arranged in the form of a 
triangle, so that their inner conductors attach 
directly to the tube terminals for minimum lead 
length, this oscillator will function satisfac-
torily up to 700-800 Mc. 
The circuit of Fig. -132-B is designed to take 

maximum advantage of the u.h.f. eapabilit ies 
of double-lead and ring-electrode tube types. 
Interelectrode capacities are divided between 
each pair of grid and plate lines, and separate 
parallel-resonant filament lines complete the 
isolation. Frequencies as high as 1500-170Q 
Mc. have been attained with this arrange-
ment. 
The by-pass condensers shown in the two 

circuits of Fig. 432 are made of copper plates 
insulated by sheet núca. Flanges soldered to 

the ends of the outer conductor 
in each line constitute one plate 
of the condenser; a grounded 
metal sheet serves as the other 
pluc ti'. 
Push-pull coaxial-line oscilla-

tors— The push-pull circuits of 
Jig. .133 employ the same basic 
elements as the arrangements pre-
viously described. At A, a half-

wave open-ended line is used 
in the grid circuit, the grids 
of the t lilies being "tapped" 
down on t he line by coupling 
them inductively through a 
stna Il balanced loop running 
insii le the outer conduc-

tor. A conventional parallel line 
is used in the plate circuit, with 
the eathodes balanced to ground 
by means of closed half-wave lines. 

The eatInHle lines may be small-diameter 
copper tubing, fob led t ci conserve space, through 
which rubber-insulated wire is run for the re-
turn circuit. These lines may be shielded from 
the plate line by running them underneath 
the chassis or separated by a shielding parti-
tion. 
A folded half-wave grid line is used at B. The 

copper-tubing inner conductor is bent into the 
shape of a U. The outer conducbir may be 
either a square-section dimble trough of sheet 
copper or two short siitiite ici pipe soldered to 
a rtaitangular box of sheet viewer which forms 
the - eli»ed" end. Where more compact 
construction is required, t he dimensions of the 
grid line may be still further reduced by using 
seetions of folded coaxial line (§ 2-12)• A con-
ventional coil-and-condenser output circuit is 
shown; at the comparatively low frequencies 
where this type of construction would be ad-
vantageous in the interest of compactness, such 
an cut put circuit should be satisfactory. 
The arrangement : it C lets certain modifica-

tions which make it particularly suitable for 
use with higher-powered tubes. The quarter-
wave capacity-loaded comNial line in the grid 
cireuit is of relatively large dimensions and 
consequently has leigli Q. Coupling to the tube 
grids, which made very loose to preserve the 
Q of the line, is by means of twin hairpin loops. 
The indurtance of the shunt choke coils, Lo, is 
adjusted for maximum grid current. 

'fo minimize radiation loss and preserve cir-
cuit symmetry, a coaxial line is used in the 
plate tank circuit. If desired this line may be 
tutted by a balaneed split-stator condenser of 
the t ype which leis the rotor eonnection at the 
center, conne(-ti-il aeross the plate terminals. 

Parallel resonant circuits in the filament 
leads, tuned to resonance at the operating fre-
quency by the variable condensers, C1, isolate 
the filament from ground. The fixed by-pass 
condensers must have low reactance at the 
operating frequency. The filament coils, which 
are in parallel for r.f., are of copper tubing. 



Chapter Ive 

Radiotelephony 
E. 5-1 Modulation 

The carrier — The steady radio-frequency 
power generated by transmitting circuits can-
not alone result in the transmission of an 
intelligible message to a receiving point. The 
continuous wave from the transmitter itself 
serves only as a " carrier" for the message; 
the intelligence is conveyed by nun/Wu/ion 
(a change) of the carrier. In radiotelephony, 
this modulation reproduces electrically the 
sounds it is intended to convey in a form which 
can be correctly interpreted or demodulated at 
the receiving end. 
Sound and alternating currents— Sounds 

are caused by vibrations of air particles. The 
pitch of the sound depends upon the rate of 
vibration; the more rapid the vibration, the 
higher the pitch. Most sounds consist of com-
plex combinations of vibrations of differing 
rates or frequencies; the human voice, for in-
stance, generates frequencies from about 100 
cycles per second to several iii usand per sec-
ond. The problem of transmitting speech by 
radio, t herefore, is one of varying the r. t. carrier 
in a way which corresponds to the air-particle 
vibrations. The first step in doing t his is to 
change the sound vibrations into alternating 
electrical currents of the same frequency 
and relative intensity; the electromechanical 
device which achievis this translation is the 
microphone. These audio-iretptency currents 
then may be amplified and used to vary or 
motlulate the normally steady r. f. output of 
the transmitter. 
Methods of modulation — The carrier may 

be made to vary in accordance with the speech 
current by using the current to ehange the 
phase (§ 2-7), frequency or amplit ude of the 
carrier. Amplitude mod olotion of a constant-
frequency carrier is by far the nio,t t•onunon 
system, and is used exclusively on all frequen-
cies below the very-high-frequency region 
(§ 2-7). Frequency nun/it/Wiwi of a constant-
amplitude carrier, which has special charac-
teristics which make its use desirable under 
certain conditions, is used to a considerabht 
extent on the very-high frequencies. Phase 
modulation, which is closely related to fre-
quency modulation, has had little or no direct 
applieation in practical communicatiim. 

Other specialized varieties of modulation, 
developed for other applications of radio 
transmission, have been proposed for voice 
communication. Thus far none of these has 
achieved practical utilization, however. 

IL 5-2 Amplitude Modulation 

Carrier refit:it-erne:11s — For proper ampli-
tude modulation, the carrier shimlil be com-
pletely free from in herein am put tide variations 
such as might be caused by insufficient filtering 
of a rectilied-a.c. power supply (§ 8-4). It is 
also essential that the carrier frequency be 
entirely unaffected by the application of 
modulation. lf modulating the amplitude of 
the carrier also causes a change in the carrier 
frequency the signal wobbles back and forth 
with the modulation, introducing distortion 
and widening the chatind taken by the signal. 
This causes unnecessary interference to other 
transmissions. In practice, this undesirable 
frequency modulation is prevented by applying 
the modulation to an r.f. amplifier stage which 
is isolated from t he frequency-controlling 
oscillator by a " buffer" amplifier. Amplitude 
modulation of an oscillator almost always is 
accompanied by frequency modulation. Under 
exi-4ing regulations t is permitted, therefore, 
only on frequencies a Jove 112 Mr., because the 

(B) 

I.  
• 

Ill 

• 

Wave -51 ape of 
Modulating Signal 

Y 
—4--
x 

Wave -shape of 
Moduiatmei Sire/ 

Y 

Fig. 501— Graph kid representat'on of A) carrier un-
modulated, ( II) modulated 50%, (C) modulated 100%. 
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problem of interference is less acute in this 
region than on lower frequencies. 
Percentage of mmlulat . — In the ampli-

tude-modulation system the audible output 
at the receiver depends entirely upon the 
amount of variation — binned depth of modu-
lation — in the carrier wave, and not upon the 
strength of the carrier : ii a'. It is desirable 
therefore to obtain the largest permissible 
variations in the carrier wave. This condition 
is reached when the carrier amplitude during 
modulation is at times reduced to zero and at 
other ti nies increased to twice its untnodulated 
value. Such a wave is said to la, fully modu-
lated, or 100 per cent mod Wale el. Any desired 
degree of modulation can be expressed as it per-
centage, using the unmodulated carrier as a 
base. Fig. 501 shows, at A, an unmodulated 
carrier wave; at B, the same wave modulated 
50 per cent, and at C, t he wave %yin' No per 
cent modulation, using a sine-wave (§ 2-7) 
modulating signal. The outline of the modu-
lated r.f. wave is called the modulation envelope. 
The percentage modulation can be found by 

dividing either Y or Z by X and multiplying 
the result by 100. If the modulating signal is 
not symmetrical, the larger of the two ( Y or Z) 
should be used. 
Power in modulated ware — The ampli-

tude values correspond to current or voltage, 
so that the drawings may be taken to represent 
instantaneous values of either. Since power 
varies as the square of either the current or 
voltage (so long as the resistance in the circuit 
is unchanged), at the peak of the modulation 
up-swing the instantaneous power in the wave 
of Fig. 501-C is four times the unmodulated 
carrier power. At the peak of the down-swing 
the power is zero, since the amplitude is zero. 
With a sine-wave modulating signal, the mer-
age power in a 100 per cent modulated wave is 
one and one-half times the unimahilated car-
rier power; that is, the power output of the 
transmitter increases 50 per cent with 100 per 
cent modulation. 

leave -shape of 
Modulating S/naf 

Fig. 502 — An overmodulated r.f. carrier wave. 

Linearity — Up to the limit of 100 per cent 
modulation, the amplitude of the carrier should 
follow faithfully the amplitude variations of 
the modulating. signal. When the modulated 
r.f. amplifier is incapable of meeting this con-
dition, it is said to be non-linear. The amplifier 
may not, for instance, be capable of quadru-
pling its power output at the peak of 100 per 
cent modulation. A non-linear modulated am-
Oilier causes distortion of the modulation 
envelope. 
Modulation characteristic — A graph 

showing the relationship between r.f. ampli-
tude and instantaneous modulating voltage is 
called the modulation characteristic of the 
modulated amplifier. This graph should be a 
straight line ( linear) between the limits of zero 
and twice carrier amplitude. Curvature of the 
line between these limits indicates non-line-
arity in the amplifier. 
Modulai'  capability — The modulation 

capability of the transmitter is the maximum 
percentage of modulation that is possible 
without objectionable distortion from non-
linearity. The maximum capability is, of 
course, 100 per cent. The modulation capabil-
ity should be as high as possible, so that the 
most effective signal can be transmitted for a 
given carrier power. 
Overmodulation — If the carrier is modu-

lated more than 100 per cent, a condition such 
as is shown in Fig. 502 occurs. Not only does 
the peak amplitude exceed twice the carrier 
amplitude, but actually there may be a con-
siderable period during wIdch the Output is 
entirely cut off. The modulated wave is there-
fore distorted (§ 3-3), with the result that har-
monies of the audio modulating frequency 
appear. The carrier should never be modulated 
more than 100 per cent. 
Sidebands — The combining of the audio 

frequency with the r.f. carrier is essentially a 
heterodyne process, and therefore gives rise to 
beat frequencies equal to the sum and differ-
ence of the a.f. and r.f. frequencies involved 
(§ 2-13 Therefore, for each audio frequency 
appearing in the modulating signal, two new 
radio frequencies appear, one equal to the 
carrier frequency plus the audio frequency, 
the other equal to the carrier minus the audio 
frequency. These new frequencies are called 
side frequencies, since they appear on each 
side of the carrier, and the groups of side fre-
quencies representing a band or group of 
modulation frequencies are called sidebands. 
Hence a modulated signal occupies a group 
of radio frequencies, or channel, rather than a 
single frequency as in the case of the unmodu-
lated carrier. The channel width is twice the 
highest modulation frequency. 
To aceommodate the largest number of 

transmitters in a given part of the r.f. spec-
trum it is apparent that the channel width 
should be as small as possible. On the other 
hand it is necessary, for speech transmission of 
reasonably good quality, to use modulating 
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frequencies up to a minimum of about 3000 or 
4000 cycles. This calls for a channel width of 
6 to 8 kilocycles. 
Spur  sidebands — Besides the normal 

sidebands required by speech frequencies, 
unwanted sidebands may be generated by 
the transmitter. These usually lie outside the 
normally required channel, and hence cause 
it to be wider without increasing the useful 
modulation. By increasing the channel width, 
these spurious sidebands cause unnecessary 
interference to other transmitters. The quality 
of transmission also is adversely affected when 
spurious sidebands are generated. 
The chief causes of spurious sidebands are 

harmonic distortion in the audio system, over-
modulation, unnecessary frequency modula-
tion, and lack of linearity in the modulated 
r.f. system. 

Types of amplitude modular — The 
most widely used type of amplitude-modula-
tion system is that in which the modulating 
signal is applied in the plate circuit of a radio-
frequency 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. 

tl 5-3 Plate Modulation 

Transformer coupling — In Fig. 503 is 
shown the most widely used system of plate 
modulation. A balanced (push-pull Class-A, 
Class-AB or ('lass-B) modulator is trans-
former-coupled to the plate circuit of the 
modulated r.f. amplifier. The audio-frequency 
power generated in the modulator plate circuit 
is combined with the d.c. power in the modu-
lated-amplifier plate circuit by transfer through 
the coupling transformer, 7'. For 100 per cent 
modulation the audio-frequency output of t he 
modulator and the turns rat i.. of the coupling 
transformer must be such t bat the voltage at 
the plate of the modulated amplifier varies 
between zero and twice t d.c. operating plate 
voltage, thus causing corresponding variations 
in the amplitude of the r.f. output. 
Modulator power — The average power 

output of the modulated stage must increase 
50 per cent for lot) per rent modulation (§ 5-2), 
so that t he modulator must supply t.) the mod-
ulated r.f. stage audio power equal to 50 per 
cent of t he 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 
modulator must be 50 watts. 
Modulating impedance; linearity— The 

modulating impedance, or load resistance pre-
sented to the modulator by the modulated 
r.f. amplifier, is equal to 

Eb 
—• X 1000 

where Eb is the d.c. plate voltage and I, the 
de. plate current in milliamperes, both meas-
ured without modulation. 

Since 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 modula-
tion to be linear, the amplifier must operate 
under Class-C conditions (§ 3-4). The linearity 
then depends upon having sufficient grid exci-
tation and proper bias, and upon the adjust-
ment of circuit constants to the proper values 

(§ 4-8). 

se .9 

Fig. 503 — Plate modulation of a Class.0 r.f. amplifier. 
The r.f. plate ki -pa-- C. in the amplifier 
stage should haN e high ri•actiiiice at audio frequencies. 
A capacity of 0.002 mfd. or less usually is satisfactory. 

Potier in speech wares — The complex 
waveform of a speech sound translated into 
alternating current does not contain as much 
power, on the average, as there is in a pure 
tone or sine wave of the sanie peak (§ 2-7) 
amplitude. That is, with speech waveforms 
the ratio of peak to average amplitude is 
higher than in the sin' , wave. For this reason, 
the previous statement that the power output 
of the transmitter increases 50 per cent with 
100 per cent modulatiim, while true for tone 
modulation, is not true for speech. On the aver-
age, speech waveforms will contain only about 
half as much piwer 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. However, t he instantaneous power 
out put must quadruple on the peak of 100 per 
cent modulation (§ 5-2) regardless of the mod-
ulating waveform. Therefore, the peak out-
put power capacity of the transmitter must be 
the sanie for any type of modulating signal. 
Adjustment of plate-modulated ampli-

fiers— The general operating conditions for 
Class-C operation have been described (§ 3-4, 
4-8). The grid bias and grid current required 
for plate modulation usually are given in the 
operating data supplied by the tube manu-
facturer; in general, the bias should be such 
as to give an operating angle (§ 4-8) of about 
120 degrees at carrier plate voltage, and the 
excitation should be sufficient to maintain the 
plate efficiency constant when the plate volt-
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age is varied over the range from zero to twice 
the d.c. plate voltage applied to the amplifier. 
For best linearity, the grid bias should be ob-
tained partly from a fixed source of about the 
cut-off value, supplemented by grid-leak bias 
to supply the remainder of the required operat-
ing bias. 
The maximum permissible d.c. plate power 

input for loo 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 resonan(e) until t he Pr( oluet 
of d.c. plate voltage and itlate current is the de-
sired power. The modulating impedance under 
these conditions will be t he proper value for 
the modulator, if the proper output-trans-
former turns ratio (§ 2-9) is used. 

Neutralization, when triodes are used, 
should be as nearly perfect as possible, since 
regeneration may cause non-linearity. The 
am plifier also shouli 1 be free frt on parasitic 
oscillat ions (§ 

Although the certire value (§ 2-7) of power 
input increases wi ti I modulation, as deseri bed 
above, the average plate input to a plate-
modulated amplifier does not change, since 
each increase in plate voltage and plate cur-
rent is balanced by an equivalent decrease in 
voltage and current. Consequently, the ( 1.c. 
plate current to a properly modulated am-
plifier is always constant, with or without 
modulation. 
Serien-grid amplifiers— Screen-grid tu bes 

of the pentode or beam tetrode type can be 
used as Class-C plate-modulated amplifiers 
provided the modulat it tn is applied to bot li t he 
plate and screen grid. The method of feeding 
the screen grid with the necessary d.c. and 
modulation voltage is shown in Fig. 504. The 
dropping resistor, R, should he of the proper 
value to apply normal d.c. voltage to the screen 
under steady carrier c' ' In litions. Its value 
can be calculated by taking the difference be-
tween plate and screen voltages and dividing 
it by the rated screen current. 
The modulating impedance is found by di-

viding the il.c. plate voltage by the sum of 1 he 
plate and screen currents. The plate voltage 

Fig. 504— Plate and :crerti modulation of a Cla:s-C 
r.f. amplifier using a pettiode tube. The plate and screen 
r.f. by-pass condensers. Cu and C2, should have high 
reactance at all audio frequencies (0.002 pfil. or 

multiplied by the sum of the two currents is the 
power-input figure which is used as the basis 
for determining the audio power required from 
the modulator. 
Choke coupling— In Fig. 505 is shown the 

circuit of the choke-coupled system of plate 
modulat ion. The plate power for the modulator 
tube and modulated amplifier is furnished from 
a common source through the modulation 
choke, I, which has high impedanee 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 modulation, the audio voltage applied to 
the r.f. amplifier plate circuit across the choke, 
L, must have a peak value equal to the d.c. 
vtrItage on the modulated amplifier. To obtain 
this without distortion the r.f. amplifier must 
be operated at a the. plate voltage less than the 

•C. 

Fig. 505 — Choke...01'0141 plate  listaIion. 

modulator plate voltage, the extent of the volt-
age difference being determined by the type 
of modulator tube used. The necessary drop in 
voltage is provided by the resistor, Ri, which 
is by-passed for audio frequencies by the by-
pass (minimiser, CI. 

This type of modulation seldom is used 
except in very low-lower portable sets, be-
cause a single-tube Class-A (§ 3-4) modulator 
is required. The output of a Class-A modulator 
is very low compared to that obtainable from a 
pair of tubes of the same size operated Class ht, 
hence (oily a small amount of r.f. power can be 
modulated. 

.lbsorptiort modulation — Absorption or 
•• loss modulation. in its basic form the oldest 
and simplest method of all, recently has been 
revived for wide-band modulation (such as 
television) at ultrahigh frequencies. In the 
system shown in Fig. 506, the modulating 
tubes are connected to the antenna feed line 
through a quarter-wave stub line, located a 
quarter-wavelength from the transmitter tank 
circuit. With no modulation (i.e., no condue-
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Fig. 506 — Transmission-line 
or Mad-impedance modulation. 

Modulation 

tion through the modulating tubes) the stub 
appears as a short circuit avross the line and 
little or no power reaches t he antenna. When 
modulating voltage is applied to the grids of 
the modulator tubes, however, their conduct-
ance serves to increase the effective impedance 
of the quarter-wave shunt, permitting a pro-
portionate amotint of energy to reach t he an-
tenna. At maximum modulation the stub ap-
proaches an open cire ii allowing maximum 
r.f. output to t antenn:I. 

41. 5-4 Grid-Bias Modulation 

Circuit — Fig. 507 is the diagram of a typi-
cal arrangement for grid-bias modulation. 
In this system, the secondary of an audio-
frequency output transformer, the primary 
of which is connected in the plate circuit of 
the modulator tube, is connected in series with 
the grid-bias supply for the modulated ampli-
fier. The audio voltage thus introduced varies 
the grid bias, and thus the power out put of 
the r.f. stage, when suitable operating co 
tions are chosen. The r.f. stage is operated as 
a Class-C amplifier, with the d.c. grid bias 
considerably beyond cut-off. 

Operating principles— lit this system the 
plate voltage is constant, and the increase in 
power output with modulation is obtained by 
making the plate current and plate efficiency 
vary with the modulating signal. For 100 per 
cent modulation, both plate current and effi-
ciency must, at the peak of the modulation up-
swing, be twice their carrier values, so that the 
peak power will be four times the carrier is over. 
Since the peak efficiency in practicable circuits 
is of the order of 70 to 80 per cent, the carrier 
efficiency ordinarily cannot exceed about 35 
to 40 per cent. For a given r.f. tube, the carrier 
output is about one-fourth the power obtain-
able from t he same tube plate-modulated. ( ; rid 
bias, r.f. excitation, plate loading and the audio 
voltage in series with the grid must be adjusted 
to give a linear modulation characteristie. 
Modulator power— Since the increase in 

average carrier power wit h modulation is se-
cured by varying the plate efficiency and 
plate input of the amplifier, the modulator 
need supply only such power losses as may 
be occasioned by connecting it in the grid 
circuit. These are quite small, hence a modu-
lator capable of only a few watts output will 

suffice for transmitters of considerable power. 
Since the load on the modulator varies over 
the a.f, cycle as the rectified grid current of the 
modulated amplifier changes, the modulator 
should have good voltage regulation (§ 5-6). 

Grid-bias source— The change in bias 
voltage with modulation causes the rectified 
grid current of the amplifier also to vary, the 
r.f. excitation being lixed. If the bias source 
has appreciable resistance, the change in 
grid current also 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 sup-
ply is used, the type having regulated output 
(§ 8-9) should be chosen. Grid-leak bias for a 
grid-modulated amplifier is unsatisfactory, and 
its use should not be at 

Driver regulation — The load on the driving 
stage varies with modulation, and a linear 
modulation characterist ic may not beobtained 
if the r.f. voltage from the driver does not stay 
constant with changes in load. Driver regula-
tion (ability to maintain constant output volt-
age 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 (this is somewhat less than 
the power required for ordinary Class-C opera-
tion), and by dissipating the extra power in a 
constant load such as a resistor. The load 
variations are thereby reduced in proportion 
to the total load. 
:tdjustment of grid-bias modulated am-

plifiers— This type of amplifier should be 
adjusted with the aid of an oscilloscope, to 
obtain optimum operating conditions. The 
oscilloscope should be connected as described 
in § 5-10, the wedge pattern being preferable. 
A tone source for modulating the transmitter 
will be convenient. The fixed grid bias should 
be two or three times the cut-off value (§ 3-2). 
The de. input to the amplifier, assuming 33 
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Fig. 507 — Crid-bias modulation of a Class-C ampli-
fier. 'the r.f. grid by-pass condenser, C, should have 
high reactance at audio frequencies (0.002 ufd. or less). 
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per cent carrier efficiency, will be 1 j,.¡ times 
the plate dissipation rating of the tube or tubes 
used in the modulated stage. The plate current 
for this input (in milliamperes, 1000 PIE, 
where P is the power and E the d.c. plate volt-
age) must be determined. Apply r.f. excitation 
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Fig. 508 — 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 0.002 dd. or less. 
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and, without modulation, adjust the plate 
loading to give the required plate current 
(keeping the plate tank circuit tuned to reso-
nance). Next, apply modulation and increase 
the modulating signal until the modulation 
characteristic shows curvature (§ 5-10). This 
probably will occur well below 100 per cent 
modulation, indicating that the plate efficiency 
is too high. Increase the plate loading and re-
duce the excitation to maintain the same plate 
current; then apply modulation and cheek the 
characterist ic again. Continue this process un-
til the characteristic is linear ft-mn the axis to 
twice the carrier amplitude. It is advantageous 
to use the maximum permissible plate voltage 
on the tube, since 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. 
The amplifier can be adjusted without an 

oscilloscope by determining the plate current 
as described above, then setting the bias to the 
cut-off value (or slightly beyond) for the d.c. 
plate voltage used and applying maximum 
excitation. Adjust the plate loading, keeping 
the tank circuit at resonance, until the ampli-
fier draws twice the carrier plate current, and 
note the antenna current. Decrease the exci-
tation until the output and plate current just 
start to drop. Then increase the bias, leaving 
the excitation and plate loading unchanged, 
until the plate current drops to the proper 
carrier value. The antenna current should 
be just half the previous value; if it is larger, 
try somewhat more loading and less excita-
tion; if smaller, less loading and more excita-
tion. Repeat until the antenna current drops 
to half its maximum value when the plate 
current is biased down to the carrier value. 
Under these conditions the amplifier should 
modulate properly, provided the plate supply 
has good voltage regulation (§ 8-1) so that the 

plate voltage is practically the same at both 
values of plate current during the initial testing. 
The d.c. plate current should be substantially 
constant with or without modulation (§ 5-3). 

Suppressor     The circuit ar-
rangement for suppressor-grid modulation of a 
pentode tube is shown in Fig. 508. The operat-
ing principles are the same as for grid-bias 
modulation. However, the r.f. excitation and 
modulating signals are applied to separate 
grids, which gives the system a simpler operat-
ing technique since best adjustment for proper 
excitation requirements and proper modulating 
circuit requirements are more or less independ-
ent. The carrier plate efficiency is approxi-
mately the same as for grid-bias modulation, 
and the modulator power requirements are 
similarly small. With tubes having suitable 
suppressor-grid characteristics, linear modula-
tion up to practically 100 per cent can be 
obtained with negligible distortion. 
The method of adjustment is essentially the 

same as that described in the preceding para-
graph. Apply normal excitation and bias to 
the control grid and, with the suppressor bias 
at zero or the positive value recommended 
for e.w. telegraph operation with the particular 
tube used, adjust the plate loading to obtain 
twice the carrier plate current (on the basis of 
33 per cent carrier efficiency). Then apply suf-
ficient negative bias to the suppressor to bring 
the plate current to the carrier value, leaving 
the loading unchanged. Simultaneously, the 
antenna current also should drop to half its 
maximum value. The amplifier is then ready 
for modulation. Should the plate current not 
follow the antenna current in the same pro-
portion when the suppressor bias is made 
negative, the loading and excitation should be 
readjusted to make them coincide. 

e 5-5 Cathode Modulation 

Circuit — The fundamental circuit for 
cathode or " center-tap" modulation is shown 
in Fig. 509. This type of modulation is a corn-
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Fig. 509 — Cathode module  of a Class-C r.f. am-
plifier. The grid and plate r.f. by-pass condensers, C. 
should be 0.002 tifd. or less (for high a.f. reactance). 
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bination of the plate and grid-bias methods, 
and permits a carrier efficiency midway be-
tween the two. The audio power is introduced 
in the cathode circuit, and both grid bias and 
plate voltage vary during modulation. 
The cathode circuit of the modulated stage 

must be independent of other stages in the 
transmitter; that is, when filament-type tubes 
are modulated they must lie supplied from a 
separate filament transformer. The filament 
by-pass condensers should not he larger than 
about 0.002 pfd., to avoid by-passi hg the audio-
frequency modulation. 
Operating principles — Because part of the 

modulation is by the grid- bias method, the 
plate efficiency of the modulated amplifier 
must vary during modulation. The carrier 
efficiency therefore must be lower than the 
efficiency at the modulation peak. The re-
quired reduction in carrier efficiency depends 
upon the proportion of grid modulation to 
plate modulation; the higher the percent age of 
plate modulation. the higher the permissible 
carrier efficiency, and vice versa. The audio 
power required from the modulat or also varies 
with the percentage of plate modulation, being 
greater as this percentage is increased. 
The way in which the varions quantifies 

vary is illustrated by the curves of Fig. 510. 
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-
latitin as a base. As the percentage of plate 
modulation is decreased, it is assumed that 
the grid-bias modulation is increased to make 
the over-all percentage of modulation reach 
100 per cent. The limiting vondition, 100 per 
cent plate modulation and no grid- bias modu-
lation, is at the right ( A); pure grid-bias 
modulation is represented by the left-hand 
ordinate ( 1% and C). 

As an example, assume that 40 per cent plate 
modulation is to be used. Then the modulated 
r.f. amplifier must be adjusted for a carrier 
plate efficiency of 56 per cent, the permissible 
plate input will lw n5 per cent of the ratings 
of the same tube wit h pure plate modulation, 
the power output will be IS per cent of the 
rated output of tlie tube with plate modulation, 
and t lie audio power required fr,iin the moulu-
lator will be 20 per cent of the d.c. input to the 
modulated amplifier. 
Modulating impedance — The modulat-

ing impedance of a eathode-modulated am-
plifier is approximately equal to 

in— 

where in is the percentage of plate modulation 
expressed its a decimal, E6 is the plate voltage 
and h the plate current of the modulated r.f. 
amplifier. This figure for the modulating impe-
dance is used in the same way as the corre-
sponding figure for pure plate modulation, in 
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determining the proper modulator operating 
conditions (§ 5-6). 

Conditions for linearity— R.f. excitation 
requirements for the cathode-modulated am-
plifier are midway between those for plate 
modulation and grid-bias modulation. More 
excitation is required as the percentage of 
plate modulai ion is increased. Grid bias should 
be considerably beyond eut-off; fixed bias 
from a supply having good voltage regulation 
(§ 8-9) is preferred, especially when the per-
centage of plate modulation is sut all and the 
amplifier is operating more nearly like a grid-
bias modulated stage. At the higher percent-
ages 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 shoidd be by-passed for audio 
frequencies. The percentage of grid modulation 
may be regulated by choice of a suitable tap 
on the modulation transformer secondary. 
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Fig. 510 — Cathode  lul,  pi dormant c curves, 
in ternis of percentage of plate modulation plotted 
a gainst percentage of ( lass-C tclepl y tube ratings. 

bi — 1).c. plate input watts in ternis of percentage of 
plate. Inlation ratine. 

— :arrier output uatts in per cent of plate- bila-
tino rating (based on plate efficiency of 77.5%). 

— Audio mener in per cent of d.c. watts input. 
— Plate efliciency of the amplifier in percentage. 

Adjustneent of cathode-modulated am-
plifiers— In most respects, the adjustment 
procedure is similar to that for grid-bias mod-
ulation (§ 5-4). The critical adjustments are 
those of antenna loading, grid bias, and excita-
tion. The proportion of grid-bias to plate mod-
ulation will determine the operating conditions. 
Adjustments should be made with the aid of 

an oscilloscope (§ 5-10). With proper antenna 
loading and excitation, the normal wedge-
shaped pattern will be obtained at 100 per cent 
m‘slulation. As in the case of grid-bias modu-
latiin. too-light antenna loading will cause 
flattening of the upward-peaks of modulation 
(indicating downward modulation), as also 
will too-high excitation (§ 5-10). The cathode 
current will be practically constant with or 
without modulation when the proper operating 
conditions have been established (§ 5-3). 
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tj 5-6 Class-B Modulators 

Modulator tithes— In the case of plate 
modulation, the relatively large audio power 
needed (§ 5-3) practically dictates the use of a 
Class-B (§ 3-4) modulator, since the power 
can be obtained most economically with this 
type of amplifier. A typical circuit is given in 
Fig. 511. A pair of tubes must be chosen which 
is capable of delivering sine-wave audio power 
equal to half the d.c. input to the modulated 
Class-C amplifier. It is sometimes convenient 
to use tubes which will operate at the same 
plate voltage as that applied to the Class-C 
stage, since one power supply of adequate 
current capacity may then suffice for both 
stages. Available components do not always 
permit this, luiwever, :old better over-all 
performanee and prowemy may result from 
the use of separate plwer supplieS. 

*DRIVER CLASS-S MODULATOR 

Fig. 511 — Class- II audio modulaior and di is ir circuit. 

Matching to bead — In giving ( lass-B 
ratings on power tubes, manufaeturers specify 
the plate-to-plate load impedance § 3-3) 
into which the tubes must operate to &liver 
the rated audio power output. This load im-
pedance seldom is the saute as the modulating 
impedance (§ 5-3) of the Class-C r.f. stage, 
so that a match must be brought about by 
adjusting the turns ratio of the coupling trans-
former. The required turns ratio, primary to 
secondary, is 

Z„, 

where Z,,, is the Class-C modulating impedance 
and Z,, is the plate-to-l)late load impedance 
specified for the Class-B tubes. 

Commercial Class-B output transformers 
usually are rated to work between specified 
primary and secondary impedances and are 
designed for specific Class- B tubes. In such a 
case, the turns ratio can be found by substi-
tuting the given impedances in the formula 
above. Many transformers are provided with 
primary and secondary taps, so that various 
turns ratios can be obtained to meet the re-
quirements of various tube combinations. 

Deicing power — Class-B amplifiers are 
driven into the grid-current region, so that 
power is consumed in the grid circuit (§ 3-3). 
The preceding stage Wirer) must be capable 
of supplying this power at the required peak 
audio-frequency grid-to-grid voltage. Both of 
these quantities are given in the manufactur-

er's tube ratings. The grids of the Class-B 
tubes reprisant a variable load resistance over 
the audio-frequency cycle, since the grid cur-
rent does not increase directly with the grid 
voltage. To prevent distortion, therefore, it is 
necessary to have a driving source which has 
good regulation— that is, which will maintain 
the waveform of the signal without distortion 
even though the load varies. This can be 
brought about by using a driver capable of 
delivering two or three times the actual power 
consumed by the Class-li grids, and by using 
an input coupling transformer having :I turns 
ratio giving the largest step-down in the volt-
age between the driver plate or plates and the 
Class- I1 grids that will permit obtaining the 
specified grid-to-grid a.f. voltage. 

Driver coupling— A ( lass-A or Class- Ali 
(§ 3-4) driver is used to excite a Class- 11 
stage. Tubes for the driver preferably should 
be triodes having low plate resistance, since 
these will have the best regulation. flaying 
chosen a tube or tumbes capable of ample 
power output from tube data sheets, the peak 
output voltage will be, approximately, 

E„ = 1.4 

where l' is the power output mid I? the load 
resistance. The input transformer ratio, pri-
mary to secondary, will he 

E„ 

where Eo is as given above and E„ is the peak 
grit-to-grid voltage required by the modulator 
tubes. 

Commercial transformers normally are de-
signed for specific driver-modulator combina-
tions, and usually are adjustml to give as good 
driver regulatfiin as the rim lit b in s will permit. 

Grid bias— Modern Class-li audio tumbes 
are intended bur operation without fixed bias. 
This lessens tin' variable grid-circuit loading 
effect and eliminates the need for a grid-bias 
supply. 
When a grid-bias supply is required, it must 

have low internal resistance so that the flow 
of grid current with excitation of the Class-B 
tubes does not cause a continual shift in the 
actual grid bias and thus cause distortion. 
Batteries or a regulated bias supply (§ S-9) 
should be used. 

Plaie supply— The plate supply for a 
Class-B modulator should be sufficiently well 
filtered (§ 8-3) to prevent hum modulation of 
the r.f. stage (§ 5-2). An additional require-
ment is that the output condenser of the sup-
ply should have low reactance (§ 2-8) at 100 
cYcles or less compared to the load into which 
each tube is working, which is one-fount li the 
plate-to-plate load resistance. A 4-mad. output 
condenser with a 1000-volt supply, or a 2-pfd. 
condenser with a 2000-volt supply, usually 
will be satisfactory. With other plate voltages, 
condenser values should be in inverse propor-
tion to the plate voltage. 
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Orerexcitation— When a Class-B amplifier 

is overdriven in an attempt to secure more 
than the rated power, distortion in the output 
waveshape increases rapidly. The high-fre-
quency harmonics which result from the distor-
tion (§ 3-3) modulate the transmitter, produe. 
ing spurious sidebands (§ 5-2) which readily 
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 over-
modulated, as in the ease where the modulator 
is ineapable of delivering the power required 
to modulate the transmitter fully, or when 
the Class-( amplifier is not adjusted to give 
the proper modulating impedance (§ 5-3). 
The tubes used in the Class-B modulator 

should be capable of somewhat more than the 
power output moninally required ( 50 per cent 
of the d.c, input to the mandated amplifier) to 
take care of losses in the output transformer. 
These usually run from 10 per cent to 20 per 
cent of the tube out In addition, the 
Class-C amplifier should be adjusted to give 
the proper modulating impedance and the cor-
rect output transformer turns ratio should be 
used. Such high- frequency itarmonie‘ as may 
be generated in these circumstanees can be re-
duced by connecting condensers across the 
primary and secondary of the out put trans-
former (about 0.002 afd. in the average ease), 
to form, with the transformer leakage induct-
ance (§ 2-9) a low-pass filter (§ 2-11) which 
cuts off just above the maximum audio fre-
quency required for speeeli transmission (about 
4000 cycles). The condenser voltage ratings 
should 19e aglequate for the peak a. f. voltages 
appearing across them. 
Operati 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 re-
quired to present the rated load to the modu-
lator. With no load to absorb the power, the 
primary impedance of the transformer rises to 
a high value and excessive audio voltages are 
developed across it — frequently high enough 
to break diiwn the transformer insulation. 
If the nioilulator is to be tested sepa rat (• ly 
from the transmitter, a load resistance of the 
same value as the modulating impedance, 
and capable of dissipating the full power out-
put of the modulator, should be connected 
across the transformer secondary. 

C, 5-7 Low-Level Modulators 

Seiee  ' of tubes— Moduli' , rs for grid-
bias and suppressor modulation can be small 
audio power tubes, since the audio power re-
quired usually is small. A triode such as the 
2A3 is preferable because of its low plate re-
sistance, but pentodes will work sat isfactorily. 
Matching to load— Since the ordinary 

Class-A receiving power tube will develop 
about 200 to 250 peak volts in its plate circuit, 
which is ample for most low-level modulator 

applications, a 1:1 coupling transformer is 
generally used. If more voltage is required, 
a step-up ratio must be provided in the trans-
former. It is usual practice to load the primary 
of the output-coupling transformer with a re-
sistance equal to or slightly higher than the 
rated load resistance for the tube, to stabilize 
the voltage output and thus improve the reg-
ulation. This is indicated in Fig. 507. 

e 5-8 Microphones 

Sensitirity -- The leva of a microphone is 
its electrical output for a given speech inten-
sity input. Level varies greatly with micro-
phones of different basie types, and also varies 
between different models of the same type. 
The output is also greatly dependent on the 
character of the individual voice (that is, the 
audio frequencies present in the voice) and the 
distance of the speaker's lips from the micro-
phone, decreasing approximately as the square 
of the distance. Hence, only approximate 
values based on averages of "normal" speak-
ing voices can be attempted. The values given 
in the following paragraphs are based on close 
talking; that is, with the microphone less than 
an inch from the speaker's lips. 
Frequency response — The frequency re-

sponse or fidelity of a microphone is its relative 
ability to convert sounds of different frequen-
cies into alternating current. With fixed sound 
intensity at the microphone, the electrical out-
put may vary considerably as the sound fre-
quency is varied. For understandable speech 
transmission only a limited frequency range is 
necessary, and natural-sounding speech can be 
obtained if the output of the microphone does 
not vary more than a few decibels (§ 3-3) 
at any frequency within a range of about 200 
cycles to 4000 cycles. When the variation 
expressed in terms of decibels is small between 
two frequency limits, the microphone is said 
to be flat between those limits. 
Carbon micropi s — Fig. 512-A and 

B show connections for single- and double-
button carbon microphones, with a rheostat 
included in each circuit for adjusting the but-
ton current to the correct value as specified 
with each microphone. The single-button mi-
crophone consists of a metal diaphragm placed 
against an insulating cup containing loosely 
packed carbon granules (microphone button). 
Current from a battery flows through the gran-
ules, the diaphragm being one connection and 
the metal back-plate the other. The primary 
of a transformer is connected in series with the 
battery and microphone. As the diaphragm vi-
brates its pressure on the granules alternately 
increases and decreases, eausing a correspond-
ing increase and decrease of current flow through 
the circuit, since the pressure changes the 
resistance of the mass of granules. The result-
ing change in the current flowing through the 
transformer primary causes an alternating 
voltage, of corresponding frequency and in-
tensity, to be set up in the transformer sec-
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ondary (§ 2-9). The double-button type is 
similar, but with two buttons 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 bet ween 3 and 10 volts across 
100,000 ohms or so can be assumed available 
at the grid of the first tube. The usual button 
current is 50 to 100 ma. 
The level of good-quality double-button mi-

crophones is considerably less, ranging from 
0.02 volt to 0.07 volt across 2ffff idims. With 
this type of microphone and the usual push-
pull input transformer, a peak voltage of 0.•I ti 
0.5 across 100,0ffo ohms or so can be assit ii 
available at the first speech-amplifier grid. The 
button current with this type of microphone 
ranges from 5 to 50 ma, P01' but tim. 
Crystal  • •rop1 »s The input circuit 

for a piezoelectric or crystal type if micro-
phone is shown in hg. 512-F. (1,,wiit in 
this type consists of a pair of Rochelle salts 
crystals cemented tintpt her, with plated (der-
Unties. In the wore sensitive types, the crystal 
is mechanically cimpled to a diaphragm. Sound 
waves actuating the diaphragm cause the 
crystal to vibrate mechanically and, by piezo-
electric act itnii (§ 2-10), to generate a cl wre-
sponding alternating voltage bet weer] the elec-
trodes, which are eonnected to t grid eireuit 
of a vacuum-tube amplifier, as shown. The 
crystal type requires no separate source of 
current or voltage. 

Although the level of crystal micriphones 
varies with different models, an output of 
0.01 to 0.03 volt is represent:dive for com-
munication types. The level is affected by the 
length of the cable cf inflecting t he microphone 
to the first amplifier stage; t he above figure is 
for lengths of ti or 7 feet. TI e' frequency char-
acteristic is unaffected by the cable, luit the 
load resistance (amplifier grid resistor) does 
affect it, the lower frequencies being atten-
uated as the shunt resistance Iii' out's less. A 

6ain Control 
0.5 Nee 
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grid-resistor value of 1 megolim or more should 
be used for reasonably flat response, 5 meg-
ohms being a customary figure. 
C !miser micropl •-•; The condenser 

microphone of Fig. 512-C consists of a two-
plate capacity, 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 iiimnected in series with a resistor 
and a d.r, voltage source. W t he diaphragm 
vibrates, the change in capacity causes a small 
charging current to flow through the circuit. 
The resulting audio voltage which appears 
ztri ss the resistor is fed to the grid of the tube 
t brough t he coupling condenser. 
The output of condenser mierophones varies 

with different models, the high-quality type 
bein g about one-hundrialt h to one-fiftieth as 
sensitive as the double- button carbon micro-
phone. The first speech-a mph fier stage must be 
built into the microphone, since the capacity 
of a connect ijig cable would impair both output 
and frequency range. 

1"elority and dym • • microphones — In 
a velocity or ribbon" microphone, the ele-
ment acted upon by the sound waves is a thin 
corrugated metallic ribbon suspended between 
the poles of a magnet. When vibrating, the 
ribbon curls the lines of fi wee between the 
poles, first in one direction and then the other, 
thus generating an alternating voltage. The 
movement of t he ribbon is proportional to the 
vehicity of the sounil-energized air particles. 
Velocity mii•roplmnes are built in two types, 
high impedance and low impedance, the former 
being used in most applirations. A high-im-
iii nee i c•rophone can he in reedy connected 
to the grid of an amplifier tube, shunted by 
resistanee of 0.5 to 5 miigolons ( Fig. 512-E). 
Low-impedance microphimes are used when a 
Iiing connecting rabic ( 75 feet or more) must 
be employed. ln such a case t output of tlw 
microphone is coupled to the first amplifier 
stagi• t hrough :1 suitable step-up transformer, 
as shown in Fig. 512-1). 

Ogiv -C 

(C) 

Fig. 512 — Speed' input circuits of f ve 1.011111101111), used types of microphones. A, singled tattoo carbon; B, 
double-button carbon; C, condenser; I), low -impedance velocity; E, high-impedance vel wity; le, crystal. 
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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 across the coupling transformer secondary. 
The dynamic microphone somewhat re-

sembles a dynamic loud speaker in principle. 
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 diaphragm to vibrate, thus moving the 
coil back and forth between the magnet poles 
and generating an alternating voltage the 
frequency of which is proportional to the 
frequency of the impinging sound and the am-
plitude 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 unusually 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. 

41. 5-9 The Speech Amplifier 

Deseript —The function of the speech 
amplifier is to build up the weak microphone 
voltage to a value sufficient to excite the modu-
lator to the required output.. It may have from 
one to several stages. The last stage nearly 
always must deliver a certain amount of audio 
power, especially when it is used to excite a 
Class-B modulator. Speech amplifiers for 
grid-bias modulation usually end in a power 
stage which also functions as the modulator. 
The speech amplifier frequently is built as a 

unit separate from the modulator, and in such 
a case may be provided with a step-down 
transformer designed to work into a low im-
pedance, such as 200 or 500 ohms (tube-to-
line transformer). When this is done, a step-up 
input transformer intended to work between 
the same impedance and the modulator grids 
(line-to-grid transformer) is pn,vided in the 
modulator circuit. The line which cAninects the 
two transformers may be made of any con-
venient length. 
General design eonsiderat• s — The last 

stage of the speech amplifier must be selected 
on the basis of the power output required 
from it; for instance, the power necessary to 
drive a Class-B modulator (§ 5-t». It may be 
either single-ended or push-pull (§ 3-3 ), tile 
latter generally being preferable because of 
the higher power output and lower harmonic 
distortion. Push-pull amplifiers may be either 
Class A, Class ABI or Class AB2 (§ 3-4), as the 
power requirements dictate. If a Class-A or 
ABI amplifier is used, the preceding stages 
all may be voltage amplifiers, but when a Class-
AB2 amplifier is used the stage immediately 
preceding it must be capable of furnishing the 
power consumed by its grids at full output. 
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The requirements in this ease are much the 
same as those which must, be met by a driver 
for a Class-B stage (§ 5-6), but the actual 
power needed is considerably smaller and 
usually can be supplied by one or two small 
receiving triodes. All lower-level speech am-
plifier stages invariably are worked purely as 
voltage amplifiers. 
The minimum amplification which must be 

provided ahead of the' last stage is equal to 
the peak audio-frequency grid voltage re-
quired by the last stage for full output (peak 
grid-to-grid voltage in the case of a push-pull 
stage), divided by the output voltage of the 
microphone or secondary of the microphone 
transformer if one is used (§ 5-8). The peak 
al. grid voltage required by the output tube 
or tubes is equal to the d.c. grid bias in the 
case of a single-tube Class-A amplifier, and 
approximately twice the grid bias for a push-
pull Class-A stage. Tile requisite information 
for Class-ABI and Ali2 amplifiers can be ob-
tained front the manufacturer's data on the 
type considered. If the gain is not obtainable 
in one stage, several stages must be used in 
cascade. When the output stage is operated 
Class AB2, due allowance must be made for 
the fact that the next-to-the-last stage must 
deliver power as well as voltage. In such cases, 
suitable driver combinations usually are recom-
mended by manufacturers of tubes and inter-
stage transformers. The coupling transformer 
must be designed especially for the purpose. 
The total gain provided by a multi-stage 

amplifier is equal to the product of the indi-
vidual stage gains. For example, when three 
stages are used, the first having a gain of 100, 
the second 20 and the third 15, the total gain 
is 100 X 20 X 15, or 30,000. It is good prac-
tice to provide two or three times the mini-
mum required gain in designing the speech 
amplifier. This will insure having ample gain 
available to cope with varying conditions. 
When the gain must be fairly high, as when 

a crystal microphone is used, the speech am-
plifier frequently has four stages, including 
the power output stage. The first generally is 
a pentode, because of the high gain attainable 
with this type of tube. The second and third 
stages usually are triodes, the third frequently 
having two tubes in push-pull when it drives a 
Class-AB2 output stage. Two pentode stages 
seldom are used consecutively, because of the 
difficulty of getting stable operation when the 
gain per stage is very high. With carbon micro-
phones less amplification is needed and hence 
the pentode first stage usually is omitted, one 
or two triode stages being ample to obtain full 
output from the power stage. 

Stage gain and collage output— In volt-
age amplifiers, the stage gain is the ratio of 
a.c. output voltage to a.c. voltage applied 
to the grid. It will vary with the applied audio 
frequency, but for speech the variation should 
be small over the range of 100-4000 cycles. 
This condition is easily met in practice. 
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The output voltage is the maximum value 
which can be taken from the plate circuit 
without distortion. It is usually expressed in 
terms of the peak value of the a.c. wave (§ 2-7 
since this value is independent of the wave-
form. The peak output voltage usually is of 
interest only when the stage drives a power 
amplifier, since only in this case is the stage 
called upon to work near its maximum capa-
bilities. Low-level stages very seldom are 
worked near their full capacity, hence harmonic 
distortion is negligible and the voltage gain 
of the stage is the primary consideration. 

Fattorakg 
stage 

Following 
stage 

+8 

(B) 
Fig. 513 — Resist mire-coupled voltage amplifier cir-
cuits. A, pentode; B, triotle. Designations are as fidlosss: 
Ci — Cathode by-pass condenser. 
C2 — Plate by-pass  kisser. 
Cs — Output coupling condenser (blocking e ¡coser). 
C4 — Screen by-pass condenser. 
Et — Cathode resistor. 
112 — Grid resistor. 
113 — I'late resistor. 
114 — Next-stage grid resistor. 
Ra — Plate decoupling resistor. 
116 — Screen resistor. 
Values for suitable tubes are given in Chapter Fourteen. 

Resistance coupling — Resistance coupling 
generally is used in voltage amplifier stages. 
It is relatively inexpensive, good frequency 
response can be secured, 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-12 triodes, since 
with transformers a sufficiently high load im-
pedance (§3-3) cannot be obtained without 
considerable frequency distortion. Typical cir-
cuits are given in Fig. 513 and design data in 

3-6. 
Transformer coupling — Transformer cou-

pling between stages ordinarily is used only 
when power is to be transferred (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. 

Representative circuits for coupling single-
ended to push-pull stages are shown in Fig. 514. 
That at A uses a combination of resistance and 
transformer coupling, and may be used for 
exciting the grids of a Class-A or Ant follow-
ing stage. The resistance coupling is used to 
keep the il.c. plat i• current from flowing through 
the transformer primary, thereby preventing a 
reduction in primary inductance below its no-
current value (§ S-4). This improves the low-
frequency response. With low-µ triodes (6C5, 
6.15, etc.), the gain is equal to that with resist-
ance coupling 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 g of the tube multiplied by the transformer 
ratio. This circuit also is suitable for trans-
ferring power (within the capabilities of the 
tube) as in the case of a following Class-AB2 
stage used as a driver for a Class-B modulator. 

Gain cons rol — The over-all gain of the am-
plifier may be changed to suit the output level 
of the microphone, which will vary with voice 
intensity and distance of the speaker from the 
microphone, by varying the proportion of a.c. 
voltage :told icti to t lif• grid of oni• of the stages. 
The gain-control potenticoneter should be 

near the input end of t he amplifier, so that 
there will be no danger of overloading the 
stages ahead of the gain control. With carbon 
m icrophones the gam control may be placed 
directly across the mierophone transformer 
secondary, but with other types the gain con-
trol usually will affect t he frequency response 
of the microphone when connected directly 
across it. The control tIn•refore usually is 
placed in the grid circuit of the second stage. 

(A) 

+. 

Fig. 514 — Transformer-coupled amplifier circuits for 
driving a push-pull amplifier. A is for rcsistance-trans-
former coupling; II, for transformer coupling. Designa-
tions correspond to those in Fig. 513. In A, values can 
be taken from Table I. In B, the cathode resistor is 
calculated from the rated plate current and grid bias 
as given for the particular type of tube used (§ 3-6). 
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Fig. 515 — Pbase-inverter circuit for resistance-cou-
pled push- poll output. With a doubt-triode tube 
(such as the (t \ 7) the folbming values are tv 

111, 114, ItS — 0.5 megolun. 112, — 0.1 megolim. 
116— 11500 oluus. Ci. C2 — 0.1 phi. 
R4 Should he tapped as described in the text. The 
voltage gain of a stage using these constants is 22. 

Phase inrersion — Push-pull output may 
be secured with resistance coupling by using 
an extra tube. as shown in Vig. 515. There 
is a phase shift of 180 degrees through any 
normally operating resist anco-cou pled stage 
(§ 3-3), anti the extra tube is used purely to 
provide this phase shift without a di lit ional gain. 
The outputs of the two tubes are then added 
to provide push-pull excitation for t itt following 
amplifier. The tap on Ri is adjust ed to make 
I-1 anti Y2 give equal voltage outputs so that. 
balativeti excitation is a pi died to the grids of 
the following stage. The cathode resistor. /Ir., 
commonly is left un-bypasseil since t his tends 
to help balance the circuit. Ft ir convenience, 
double-triode tubes fret p wilily arc used as 
phase inverters. 
Output limiting— It is desirable to modu-

late as heavily as pussibh• wit bout overmodu-
lining, yet it is difficult to spea k into the micro-
phone at a constant intiwsity. To tnaintain 
reasonably constant output front the modula-
tor in spite of variations in speech intensity, 
it is possible to use automatic gain control 
which follows the average (not instant aneous) 
variations in speech amplitude. This is accom-
plished by rectifying and filtering (§ 8-3) 
some of the audio output and applying the 
rectified anti filtered (I.e. to a control electrode 
in an early stage in the amplifier. 

4,46 

PI Rs / Sono. 
'sod • 

Fig. 516— Speech amplifier output-limiting circuit, 
CI, Ca, Ca, C4 0.1 -51d. RI, R2, 11a — 0.25 megolon. 
114- 25,000-ohm pot. Ha — 0.1 megolun. — See text. 

A practical circuit for this purpose is shown 
in Fig. 516. 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 amplifier for the rectifier cir-
cuit alone may have its grid connected in 
parallel with that of the last voltage amplifier. 
Resistor R4 in series with R5 across the plate 
supply provides variable bias on the rectifier 
plates, so that the limiting action can be de-
layed until a desired microphone input level is 
reached. R., R3, C2, C3, and C4 form the filter 
(§ 2-11), and the output of the rectifier is con-
nected to the suppressor grid of the 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 
st age should be used. A half-wave rectifier may 
bis used instead of the full-wave circuit shown, 
although satisfactory filtering will be more 
ditheult to achieve. 
Noise— It is important that the noise level 

in a speech amplifier be low compared to the 
level of the desired signal. Noise in the speech 
amplifier is caused chiefly by hum, which may 
be t resu It of i nsu tficient power-supply filter-
iinr or may lie introduced into the grid circuit 
of a tube by magnetic or electrostatic means 
from heater wiring. The plate voltage for the 
am pli fier should be free from ripple (§ 8-4), 
partieidarly the voltage applied to the low-
level stages. A t wo-setition condenser-input 
filter (§ 8-5) usually is satisfactory. The de-
coupling circuits mentioned in the preceding 
paragraphs also are helpful in reducing plate-
supply hum. 
Hum from heater wiring may be reduced 

by keeping the wiring well away from un-
grounded components or wiring, particularly in 
the vicinity of the grid of the first tube. Com-
plete shielding of the microphone jack is 
advisable, and when tubes with grid caps in-
stead of the single-ended types are used the 
caps and the exposed wiring to them should 
be shielded. Heater wiring preferably should 
run in the corners of a metal chassis, to reduce 
the magnetic field. A ground should be made 
either on one side of the heater circuit or to 
the center-tap of the heater winding. The 
shells of metal tubes should be grounded; 
glass tubes require separate shields, especially 
when used in low-level stages. Heater connec-
tions to the tube sockets should be kept as far 
as possible from the plate and grid prongs, 
and the heater wiring to the sockets should be 
kept close to the chassis. A connection to a 
good ground (such as a cold water pipe) also 
is advisable. The speech amplifier always 
should be construeted on a metal chassis, with 
all ground connections made directly to the 
metal chassis. 
When the power supply is mounted on the 

same chassis with the speech amplifier, the 
power transformer and filter chokes should be 
well separated from audio transformers in the 
amplifier proper to reduce magnetic coupling, 
which would cause hum and raise the residual 
noise level. 

' I 
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5-10 Checking 'Phone Transmitter 
Operation 

Modulation percentage— The most reliable 
method of determining percentage of modula-
tion is by means of the cathode-ray oscillo-
scope (§ 3-9). The oscilloscope gives a direct 
picture of the modulated output of the trans-
mitter, and by its use the waveform errors 
inherent in other types of measurements are 
eliminated. 
Two types of oscilloscope patterns may be 

obtained, known as the " wave envelope" and 
"trapezoid." The former shows the shape of 
the modulation envelope ( § 5-2) directly, while 
the latter in effect plots the modulation char-
acteristic (§ 5-2) of the modulated stage on 
the cathode-ray tube screen. To obtain the 
wave-envelope pattern, the (,seilloseope must 
have a horizontal sweep circuit,. Ttl, t p,•zoid-
al pattern requires only the oseilloseope, the 
sweep circuit being supplied by the transmitter 
itself. Fig. 517 shows methods of connecting 
the oscilloscope to the transmitter for both 
types of patterns. The /)scilloseope et mneet il (flS 
for the wave-envelope pattern, Fig. 517-A, 
are usually simpler than those for the trape-
zoidal figure. The vertical-detleetion plates are 
coupled to the amplifier t tn k coil or an antenna 
coil by means of a pick-up end of a few turns 
connected to the oscillosepe through a 
twisted-pair line. The position of the pick-up 
coil is varied until a carrier pattern, Fig. 
518-B, of suitable height. is obtained. The 
sweep voltage should be adjusted to make the 
width of the pattern somewhat more than 
half the diameter of the screen. It is frequently 
helpful in eliminating r.f. harmonics from the 
pattern to connect a resonant circuit, tuned 
to the operating frequency, between the ver-
tical deflection plates, using link coupling 
between this and I he transmit ter tank circuit. 

Ant. ciretza 

final took Pen* loop 
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(B) 

Do<9 

ose. 

Alternattte in,out cannecttorm 

Fig. 517— Methods of connecting an oseilloseope to 
the mod ula lei I r.f. amplifier for cheek in g modulation. 

With the application of voice modulation, 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 (§ 5-2). This is illustrated by Fig. 518-1), 
where the point, X represents the sweep line 
(reference line) alone, YZ is the carrier height, 
and PQ is the maximum height of the mmlu-
lat ell wave. If the height is greater than the 
distance l'Q, as illustrated in E, the wave is 
overmodulated in the upward directicin. Over-
modulatif in in the downward direction is 
indirateil by a gap in the pattern at the refer-
enee 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 t he modulation is symmetrieal, 
however, any modulation percentage can be 
measured directly from the screen by measur-
ing the maximum lu•ight with modulat ion and 
the height of the carrier alone; calling these 
two heights hi. and h2 respectively, the modula-
tion percentage is 

— 
  X 100 

h2 

Connections for the trapezoidal pattern 
are shown in Fig. 517-B. The vertical plates 
are similarly coupled to the transmitter tank 
circuit. through a pick-up loop; the tuned in-
put circuit to the oscilloscope may also be 
used. The horizontal plates are coupled to the 
output of the modulator through a voltage 
divider (§ 2-6), Ri112, the resistance of /(2, 
being variable to permit adjustment of the 
audio voltage to a suitable value to give a 
satisfactory horizontal sweep on the screen. 
R2 may be a 0.25-inegolon vfiltune cont,nd 
resistor. The value of RI will depend upon t Ile 
audio output voltage of the modulator. This 
voltage is equal to N/PR, where /' is the audio 
power output of the modulator and le is the 
modulating impedance of the modulated r.f. 
amplifier. In the case of grid-bias modulation 
wit It IL 1:1 output transformer, it will be satis-
factory to assume that. the a.c. output. voltage 
of tlie modulator is equal to 0.7E for a single 
tube or 1.4E for a push-pull stage, where E 
is the d.e. 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 Ri and R2 in series 

should be 0.25 megolim 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, e, should be 0.1 pfd 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. 
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The trapezoidal patterns are shown ill Fig. 
518 at F to .1, each alongside the corresponding 
wave-envelope pattern. With no signal, only 
the cathotle-ray spot it on the screen. 
When the unrhodulated carrier is applied, a 
vertical line appears; the length of the line 
should be adjusted, by men ns of the pith- ti j) 
coil youpling, to a convenient value. When the 
carrier is modulated, the Wet ige-slia j ied pattern 
appears; the higher the modulation percentage, 
the wider and more pointed the wedge be-
comes. At 100 per cent modulation it just 
makes a point on the axis, X, at one end, and 
the height, /'Q, at the it her end is equal to 
twice t lit carrier height., l'Z. Overmodulation 
in the upward direction is indicated by in-
creased height over l'Q, and in the clinvnward 
direction by an extension along the axis X 
at the pointed end. Tlie inttttutatiuit percent age 
may be found by measuring the mini ulattul 
and unmodulatef h carrier heights, in the same 
way as with the wave-envelope pattern. 
Non-symmetrical waveforms — In voice 

waveforms the average 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. Since overmodulation in the down-
ward direction muses more out-of-channel in-
terference than overmodulation upward be-
cause of tile steeper wavefront (§ 6-1), it is 
advisable to " phase" the modulation so that 
the side of the voice waveform having the 
larger excursions causes the instantaneous car-
rier power to increase and the smaller excur-
sions to cause a power decrease. This reduces 
the likelihood of overmodulation on the 
"down" peak. The direction of the larger 
excursions can rea, lily be found by careful 
observation of the usuilloseope pattern. The 
phase ean be reversed by reversing the connec-
tions of one winding of any transformer in the 
speech amplifier or nicidulator. 
Modulai*  'luring While it is de-

sirable to modulate as fully as possible, 100 per 
cent modulation should not be exceeded, par-
ticularly in the downward direction, because 
harmonic distortion will be introduced and the 
channel width increased (§ 5-2), thus causing 
unnecessary interferenee to other stations. 
The oscilloscope may be used to provide a 
continuous check On the modulation, but sim-
pler indicators may be used for the purpose, 
once calibrated. A convenient indicator, when 
a Class- I3 modulator (§ 5-6) is used, is the 
plate milliammeter in the ('lass-TI stage, since 
plate current fluctuates with the voice inten-
sit V. rsing the oscilloscope, determine the 
gain-control setting and voice intensity which 
gives 100 per cent mgidttlation QII voice peaks, 
and simultaneously observe the maximum 
Class- I3 pia te-milliammeter reading on the 
Peaks, When this maximum reading is ob-
tained, it will suffice in regular operation to 
adjust the gain so that it, is not exceeded. 
A sensitive rectifier-type voltmeter (copper-

oxif le type) alsct can be used for modulation 
monitoring. It slit mid 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 which represents 100 per cent 
modulation. 
The plate milliammeter of the modulated 

r.f, stage may also be used as an indicator of 
overmodulation. Since the average plate cur-
rent is constant (§ 5-3, 5-4, 5-5) when the 
amplifier is linear, the reading will be the 
sanie with or without modulation. When 
the amplifier is overmodulated, especially in 
the downward direction, the operation is no 
longer linear and the average plate current 
will change. A flicker of the pointer may there-
fore be taken as an indication of overmodula-
tion or non-linearity. However, it is possible 
that the average plate current will remain 
constant with considerable overmodulation 
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under some operating conditions, so that an 
indicator of this type is not wholly reliable 
unless it has been checked previously against 
an oscilloscope. 

Linearity — The linearity (§ 5-2) of a modu-
lated amplifier may readily be checked with 
the oscilloscope. The trapezoidal pattern is 
more easily interpreted than the wave enve-
lope pattern, and less auxiliary equipment is 
required. The connections are the same as for 
measuring modulation percentage ( Fig. 517). 
If the amplifier is perfectly 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. Non-
linearity will be shown by curvature of the 
sides. Curvature near the point, extending the 
point farther along the axis than would occur 
with straight sides, indicates that the (( It put 
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 reniai ning on the screen 
(Fig. 518-F). If a small vert ' cal line remains, 
the amplifier should be re- neutralized; if I his 
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 g id-bias and 
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Fig. 519 — 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 non-linear modulation from I Meal causes. 

cathode-modulated systems, the bias, excita-
tion and plate loading are not correctly pro-
portioned when such curvature occurs, usually 
because the amplifier has been adjusted to 
have too-high carrier eflieiency without modu-
lation (§ 5-4, 5-5). 

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) which 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 envelopé, so that the wave enve-
lope is less useful than the trapezoid for check-
ing linearity of the modulated amplifier. 

Fig. 519 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 pat serifs — The drawings of Figs. 
518 and 519 show what is normally to be ex-
pected in the way of pattern shapes when the 
oscilloscope is used to check modulation. If 
the actual patterns differ considerably from 
those shown, it is probable that the pattern 
is faulty rather than the transmitter. It is 
important that only if. from the modulated 
stage be coupled to the oscilloscope, and then 
only to the vertical pla I us. 'lie effect of stray 
r.f. from other stages in the transmitter has 
been mentioned in the preceding paragraph. 
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 
gad.) 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 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 modu-
lated stage. Such patterns are caused by a 
phase difference between the sweep voltage 
and the ini)dulating voltage. The connections 
should always he as shown in Fig. 517-B. 

Plute-eurretit shift — As mentioned above, 
the d.e. plate current of a modulated amplifier 
will be the saine with and without modulAtion 
so long as the amplifier operation is perfectly 
linear and other conditions remain unchanged. 
This also assumes that the modulator is work-
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ing within its capabilities. Because there is 
usually some curvature of the modulation 
characteristic with grid-bias modulation there 
is normally a slight upward change in plate 
current of a stage so modulated, but this occurs 
only at high modulation percentages and is 
barely detectable under the usual conditions 
of voice modulation. 
With plate modulation, a downward shift 

in plate current may indicate one or more 
of the following: 

1) Insufficient excitation to the modulated 
r.f. amplifier. 

2) Insufficient grid bias on the modulategl 
stag. 

3) Wrong load resistamp for the Class-C r.f. 
amplifier. 

4) Insufficient output capacity in the filter 
of the mo(lulated-a mph her 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) Overmod(lation (excessive audio power, 
audio gain too great). 

2) Incomplete neutralization of the modu-
lated am pli fier. 

3) Parasitic oscillation in the modulated 
amplifier. 

When a common plat e 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 (§ S-1) 
with the varying additional load of the modu-
lator on the supply. The same effect 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. Eit her eondition may be 
detected by measuring the plate voltage ap-
plied to the modulated stage; in addition, poor 
line regt at I ii also may be detected by observ-
ing 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 capacity in 
plate-supply filter to modulated amplifier; am-
plifier plate circuit not loaded heavily enough; 
plate-circuit efficiency too high under carrier 
conditions. 
Upward kirk: 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. 519-B; the pattern with an upward kick 
will look like Fig. 519-A, with the shaded 

portion extending farther to the right and 
above the carrier, for the " wedge" pattern. 
Noise and hum. on carrier— These may be 

detected by listening to the signal on a receiver 
sufficiently removed 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 
(§ 8-4). With a hum-free carrier, hum intro-
duced 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 observe the increase in 
hum level. If the hum disappears with the gain 
control at minimum, the hum is being intro-
duced in the stage or stages preceding the gain 
control. The microphone also may pick up 
hum, a condition which can be checked by 
removing tile microphone from the circuit 
but leaving the first speech-amplifier grid cir-
cuit 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 appears as modulation on the carrier 
in the same way as the normal modulation. 
While the percentage usually is rather small, 
if the carrier shows modulation with no speech 
input hum is the likely cause. The various 
parts of the transmitter may be checked 
through as described above. 
Spurious sidebands — A superheterodyne 

receiver having a crystal filter (§ 7-8, 7-11) 
is needed for checking spurious sidebands 
outside the normal communication channel 
(§ 5-2). The r.f. input to the receiver must 
be kept low enough, by removing the antenna 
or by adequate separation from the transmit-
ter, to avoid overloading and consequent spuri-
ous receiver responses (§ 7-8). With the crystal 
filter in its sharpest position and the beat oscil-
lator turned on, tune through the region out-
side 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 intermittent beat notes 
coinciding with voice peaks, or, in bad cases 
of distortion or overmodulation, as " clicks" 
or crackles well away from the carrier fre-
quency. Sidebands more than 4 kilocycles from 
the carrier should be of negligible strength in 
a properly modulated ' phone transmitter. The. 
causes are overmodulation or non-linear oper-
ation (§ 5-3). 

R.f. in speech amplifier — A small amount 
of r.f. current in tile speech amplifier — par-
ticularly in the first stage, which is most sus-
ceptible to such r.f. pick-up — will cause over-
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loading and distortion in the low-level stages. 
Frequently also there is a regenerative effect 
which causes an audio-frequency oscillation 
or " howl" to be set up in the audio system. 
In such cases the gain control cannot be ad-
vanced 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 speeela amplifier are 
necessary to prevent r.f. pick-up, and a ground 
connection separate from that to which the 
transmitter is connected is advisable. Un-
symmetrical or capacity roui ding to the an-
tenna (single-wire feed, feeders tapped on 
final tank circuit, etc.) may be responsible in 
that these systems sometimes cause the trans-
mitter chassis to take an r.f. potential above 
ground. Induelive coupling to a two-wire 
transmission line is advisable. This antenna 
effect can be cheeked by disconnecting the 
antenna and dissipating t he power in a dummy 
antenna (§ 4-9), 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. 

41 5-11 Frequency Modulation 

Principles In frequency modulation the 
carrier amplitude is roust:ant and the output 
frequency of the transmitter is made to vary 
about the carrier or mean frequeney at a rate 
corresponding to the audio frequencies of the 
speech currents. The extent to which the fre-
quency changes in one direction from the un-
modulated or furrier frequeney is called the 
frequency devialion. It corresponds to the 
change of carrier amplitude in the amplitude-
modulation system (§ 5-2). Deviation is usu-
ally expressed in kilocycles, and is equal to 
the difference between the carrier frequency 
and tit or the highest or lowest frequency 
re:Lulled by the carrier in its excursions with 
modulation. There is no modulation percent-
age. in the usual sense: with suitable circuit 
design the deviation may be niade as large 
as desired without encountering any effect. 
equivalent 1 o ovmunimlulat it in iii t he amplitude-
modulated system. 
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Fig. 520 — Triangular ›peetruni -11,ing the noise 
response in an fan. reeei‘er comp:1,d Ns jilt amplitude 
modathition. Deviatinn rati, i I and 5 are shomn. 

Deviation ratio — The ratio of the maxi-
mum frequency deviation to the audio fre-
quency of the modulation is called the devia-
tion ratio. it also is called t he mot lulat ion index. 
Unless otherwise specified, it is taken as the 
ratio of the maximum frequency deviation to 
the highest audio frequency to be transniitted. 
Adrantages offan.— The chief advantage 

of frequency modulation over amplitude mod-
ulation is noise reduction at the receiver. All 
electrical noises in the radio spectrum, includ-
ing ti 'se originating in the receiver, are r.f. 
oscillations which vary in amplitude, this 
variation causing the noise response in ampli-
tude- modulation receivers. If the receiver 
does not respetad to amplitude variations but 
only to frequency changes, noise can affect it 
only by causing a phase shift which appears as 
frequency modulation on Use signal. The effect 
of such frequency miidulatifin by the noise 
can be tunde small by making the frequency 
change (deviation) in the signal large. 
A second advantage is that the power re-

quired for modulation is inconsequential, since 
there is no power variation in the modulated 
output of the transmitter. 

Triangular spectrum,— The way in which 
noise is reduced by a large deviation ratio is 
illustrated by Fig. 520. In tlais figure the noise 
is assumed to be evenly distributed over the 
channel used, an assumption which is almost 
always true. It is also assumed that audio 
frequencies above 4000 cycles ( I ht.) are not 
necessary to voice communication, and that the 
audio system in the receiver has no response 
above this frequency. Then, if an amplitude 
modulation receiver is used and its selectivity 
is sue!' that there is no attenuation of side-
bands (§ 5-2) below 10)10 cycles, the noise 
components of all frequencies wit hin the chan-
nel will prgeduee equal response when they 
beat with a carrier ventered in the channel. 
The response under these conditions is shown 
by the line DC. 

In the f.m, receiver the output amplitude is 
proportional to the frequency deviation, and 
noise components in the channel can be con-
sidered to frequeney-modulat e the steady 
carrier with ;a deviation proportional to the 
difference between the actual frequency of the 
component and the frequency of the carrier, 
and also to give an audio-frequency beat of 
the same frequency differenre. This leads to a 
rising response characteristie. such as the line 
OC, where the noise amplitude is prfiportional 
to the audio beat frequeney. The average noise 
power output is proportional to the square 
root cf t he sum of the squares of all the ampli-
tude values (§ 2-7), so that the noise power 
with frequeney modula tion having a deviation 
ratio of I is only one-t hint flint with amplit tuile 
modulation, oian improvement of 1.75 tilt. 

If the deviation ratio is increased to 5, the 
noise response is represented by the line OF. 
Since only frequencies up to 4000 cycles are 
reproduced in the output, however, the audible 
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noise is confined to the triangle OAR. These 
relations hold only when the carrier is strong 
compared to the noise. For reception of sta-
tions with weak signal strength, the signal-to-
noise ratio is better with a deviation ratio tif I. 
Linearity— A transmitter in which fre-

quency deviation is directly proportional to 
the amplitude of the modulating signal is said 
to be linear. It is essential also that the carrier 
amplitude remain constant under modulation, 
which in turn requires that the transmitter 
tuned cirruits, as well as the antenna. have 
broad enough response to handle without dis-
crimination the cut ire range of ; Indio frequen-
cies transmitted. This requirement is easily 
met under ordinary conditions. 

Sideburn's — In frequency modulation there 
is a series of sidebands on either side of the 
carrier frequency for each audio-frequency 
component in the modulation. In addition to 
the usual sum and difference frequencies 
(§ 5-2) there are also beats at harmonics of 
the fundamental modulating frequency, even 
though the latter may be a pure tone. This oc-
curs berause of the necessit y for maintaining 
the priper phase relationships lietween the 
carrier and sidebands to keep t lii pttwer output 
constant. I 1 en ce, a frequency- modulated signal 
inherently occupies a wider channel than an 
amplitu de- modulated signal. Bemuse of the 
necessity for conserving space in the usual 
communication spectrum, the use of tin. by 
amateurs is confined to the very-high frequen-
cies in t he region above 28 Mc. 
The number of sidebands for a single modu-

lating frequency increases with t he frequency 
deviation. When the deviation ratio is of the 
order of 5 the sidebands beyond the maximum 
frequency deviatigni are usually negligilile, 
so that the channel required is approximately 
twice the frequency deviation. 

dE. 5-12 Methods of Frequency 
Modulation 

liequireuiVIIIN arid methods— At present 
there are no fixed standards of frequency devia-
tion in amateur work. Since a deviation ratio 
of 5 is considered high enough in any case, the 
maximum deviation necessary is 15 to 20 kc. 
for an upper audio-frequency limit of 3000 or 
4000 cycles (§ 5-2), or a channel width of 30 
to 40 ke. The permissible deviation is deter-
mined by the receiver (§ 7-18), since deviation 
beyond the limits of the receiver pass-band 
causes distortion. If the transmitter is designed 
to be linear (§ 5-11) with a deviation of about 
15 kc., it i•all be used at a lower deviation ratio 
simply by reducing the gain in the speech 
amplifier. Thereby it can be made to conform 
to the requirenwn t of the recel ' ir in use. 
The several possible methods of frequeney 

modulation include mechanical modulation (for 
instance, varying condenser plate spacing in 
accordance with volee vibrations), initial 
phase-shift modulation which later is trans-
formed into frequency modulation, and direct 

frequency modulation of an oscillator by elec-
tronic means. The latter, in the form of the re-
actanre-lube modulator, is the simplest system. 
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Fig.521— Reactance  litho.rcirenit using a 6L7 

C — Tank eapaei t . :1 — 3-10 »phi. C2 — 250 add. 
C3— 8-51d. elect rol (a.f. hy-pass) in parallel with 

0.01-afd. pamnr r.f. 
— 0.01 ,. fil. I. — Itsuitlat nu. tank inductance. 

Ri — 50.000 ohm-. 11 2. lt5 — 0.5 megohni. 
R3 — 30,000 ohm›. le4 — 300 ohms. 

The reactance madulator — The reactance 
modulator consists of a vacuum tube con-
nected to the r.f. tank circuit of an oscillator 
in sueli a way as to act as a variable inductance 
or capacity, of a value dependent upon the 
instantaneous a.f. voltage applied to its grid. 
Fig. 521 is a representative circuit. The control 
grid circuit of the 61.7 tube is connected across 
the small capacity. CI, which is in series with 
the resistor, across the oscillator tank cir-
cuit. Any type of oscillator circuit (§ 3-7) may 
be used. RI is large compared to the reactance 
(§ 2-8) of CI, so the r.f. current through RIC' 
will be practically in phase (§ 2-7) with the r.f. 
voltage appearing at the terminals of the 
tank circuit. However, the voltage across CI 
will lag the current by 90 degrees (§ 2-8). 
The r.f. current in the plat e circuit of the 61.7 
will be in phase with the grid voltage (§ 3-3), 
and vonsequently is 90 degrees belt hid the cur-
rent through Ci, or 90 degrees behind the r.f. 
tank voltage. This lagging current is drawn 
through the oscillator tank, giving the same 
effect as though an inductance were connected 
across the tank fin an inductance the current 
lags the voltage by 90 degrees — § 2-8). The 
fre(piency increases in prigiortion to the lag-
ging plate current of the modulator, as deter-
mined by the a.f. voltage applied to the No. 3 
grid of the 61.7; hence the oscillator frequency 
varies with the audio signal voltage. 

If, on the other hand, CI and R1 are reversed 
and the reactance of C1 is made large compared 
to the resistance of R1 the r.f. current in the 
61.7 plate circuit will lead the oscillator tank 
r.f. voltage, making the reactance capacitive 
rather than induetive. 

Other circuit arrangements to produce the 
sanie effect may be emplityetl. It is convenient 
to use a tube (slich as the ( i1,7) in which the r.f. 
and a.f. voltages can be applied to separate 
control grids; however, faith voltages may be 
applied to the same grid priivided precautions 
are taken to prevent r.f. from flowing in the 
external audio circuit, and vice versa (§ 2-13). 
The modulated oseillator usually is operated 

on a relatively low frequency, so that a high 



136 THE RADIO AMATEUR'S HANDBOOK 

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 
7 Mc. and the output frequency is to be 112 
Me., an oscillator frequency deviation of 1000 
cycles will be raised to 16,000 cycles at the 
output frequency. 

Design considerations — The sensitivity of 
the modulator (frequency change per unit 
change in grid voltage) increases when C1 
is made smaller, for a fixed value of /?t, and 
also increases with an increase in L r ratio 
in the oscillator tank circuit. Since tin carrier 
stability of the oscillator depends on t lie L/C 
ratio (§ 3-7), it is desirable to use t he highest 
tank eat acity which will permit the desired 
deviation to be secured while keeping within 
the limits of linear iiperation. When 1 lie cireuit 
of Fig. 521 is used in connect ion wit ii a 7- Me. 
oscillator, a linear deviali(in of 2000 cycles 
above and below t he i.arrier frequenev can 
be secured when the oscillator tank capacity 
is approximately 200 pel. A peak a.f. input 
of two volts is required for lull deviation. At. 
56 Mc. the maximum deviation would be 
8 X 2000, or 16 lie. 

Since a change in any of the voltages on t he 
modulator tube will cause a change in r.f. 
plate current, and consequently- a frequency 
change, it is advisable to use a regulated plate 
power supply for both modulator and oscilla-
tor. At the low voltages used 1250 volts), the 
required stabilization can be secured by means 
of gaseous regulator tubes (§ S-8). 
Speech amplification —'1'he speech ampli-

fier preceding the modulator follows ordinary 
design (§ 5-9), except that 110 power is required 
from it and the a.f. voltage taken by the modu-
lator grid usually is small — not. ut' re than 
10 or 15 volts, even with large modulator tubes. 
Because of these modest requirements, only a 
few speech-amplifier stages are needed; a two-
stage amplifier consisting of a pent g ide followed 
by a triode, both resista nee-coupli41, will suf-
fice for crystal microphones (§ 5-8 I. 

!if. amplifier stages — The frequency mul-
tiplier and output stages following t he modu-
lated oscillator may be designed and adjusted 
in accordance with ordinary principles. No 
special excitation requirements are imposed, 
since the amplitude of the output is constant. 
Enough frequency multiplication must be 
used to give the desired maximum deviation 
at the final frequency; this depends upon the 
maximum linear deviation available from the 
modulator-oscillator. All stages in the trans-
mitter should be tuned to resonance, and care-
ful neutralization (§ 4-7) of any straight ampli-
fier stages is necessary to prevent r.f. phase 
shifts which might cause distortion. 
Checking operation— The two quantities 

to be checked in the f.m. transmitter are linear-
ity and frequency deviation. With a modulator 

of the type shown in Fig. 521, both the r.f. 
and al. voltages are small enough to make the 
operation Class A (§ 3-4), so that the plate 
current of the modulator is constant so long 
as operation is over the linear portions of the 
No. 1 and No. 3 grid characteristics. Hence, 
non-linearity will be indicated by a change in 
plate current as the a.f. modulating voltage 
is increased. The distortion will be within ac-
ceptable limits, with the tube and constants 
given in Fig. 521, when the plate current does 
not eliange more than 5 per rent with signal. 
Non-linearity is accompanied by a shift in 

the carrier frequency, so it also can be checked 
by means of a selective receiver such as one 
with a erystal filter (§ 7-11). A bate sourre is 
convenient for the test. Set Ow receiver for 
high selectivity, switeh on the } Hut oscillator, 
and tune to the oscillator carrier frequenev. 
(The check does not need to be made at tile 
output frequency and the oscillator frequency 
usually is more convenient since it will fall 
within the tuning range of a communivations 
reeeiver.) here:Ise I la. modulating signal until 
a definite shift in carrier frequency is ob.:erved; 
this indicates the point at whieh min-linearity 
starts. The modulating signal sheuld be kept 
below the level at carrier shift is ob-
served, for minimum distortion. 
A selective receiver also can be used to check 

frequency deviation, again at the oscillator 
frequency. A source of tone of known fre-
quency is required, preferably a continuously 
variable calibrated am lin oscillator or signal 
generator. Tune in the carrier as described 
above, using t he beat oseillator and high selec-
tivity, and adjust the modulating signal to the 
maximum level at whieh linear operation is 
secured. Starting with the hi west frequency 
avail:title, slowly raise t he tone frequency while 
listening closely to the carrier beat note. As the 
time frequetni: is raised the beat mite first will 
decrease in intensity, then (list,',pear enti rely 
at a definite frequency, and finally come back 
and inerease in intensity as the tone frequency 
is raised still more. The frequeney at. whieh the 
beat note disappears, multiplied by 2.1, is the 
frequency devint ion at that level of mtidulating 
signal; for example., if the beat mite disappears 
with an 500-cycle tone. 1 he deviation is 2.4 X 
800, or 1920 cycles. deviation at the out-
put frequency is the oscillator deviatimi multi-
plieil by the number of times the frequency is 
multiplied; in this example, if the oscillator is 
on 7 Mc. and the output on 56 Mc., the final 
deviation is 1920 X 8, or 15.36 kc. 
The output of the transmitter can be 

checked for amplitude modulation by observ-
ing the antenna current. It should not change 
from the unnmdulated carrier value when the 
transmitter is modulated. Where there is no 
antenna ammeter in the transmitter, a flash-
light lamp and loop can be coupled to the final 
tank coil to serve as a current indicator. 1f the 
carrier amplitude is constant, the lamp bril-
liance will not change with modulation. 



ehapter Six 

Keying 
E. 6-1 Keying Principles and 

Characteristics 

Requirements — The keying of a trans-
mitter can be considered satisfactory if the 
method employed reduces the power output 
to zero when the key is open, or " up," and 
permits full power to reach the antenna when 
the key is closed, or " down." Furthermore, the 
keying system should accomplish this without 
producing keying transients or " clicks," which 
cause interference with other amateur statiinis 
and with local brinidcast reception, and the 
keying process should not affect the frequency 
of the emitted wave. 
Back-wave— From various causes, some en-

ergy may get through to the antenna during 
keying spaces. The effect then is as though the 
dots and dashes were only louder portions of 
a continuous carrier; in some cases, in fact, 
the back-ware, or signal heard during the key-
ing spaces, may seem to be almost as loud as 
the keyed signal. Under these conditions the 
keying is hard to read. A pronounced back-
wave often results when the amplifier stage 
feeding the antenna is keyed; it may be present 
because of incomplete neutralization (§ 4-7) 
of the final stage, allowing sonic energy to get 
to the antenna through t he grit ca parity 
of the tube, or because of magnetic coupling 
between antenna coupling coils and one of the 
low-pi ewer stages. 
A back-wave also may be railiated if the key-

ing system does not reduce the input to the 
keyed stage to zero during keying spares. This 
trouble will not occur in keying systems which 
cut off the plate voltage %%lien the key is open, 
but may be present in grid-blocking systems 
(§ 6-3) if the blocking voltage is not great 
enough and in power-supply jirimar y keying 
systems (§6-3) if only the final-stage power-
supply primary is keyed. 
Keying waveform and sideburn's— A 

keyed c.w. signal can be considered equivalent 
to a modula cd signal (§ 5-1), except that, in-

(A) 

(B) 
Fig. 601— Extremes of possible keying waveshapes 
A, rectangular characters; If, sine-wave characters. 

stead of being modulated by sinusoidal waves 
and their harmonics, it is modulated by a rec-
tangular wave, as in Fig. 601-A. lf it were modu-
lated by a sinusoidal wave of single frequency, 
as in Fig. 601-13, the only sidebands would be 
those equal to the carrier frequency plus and 
minus the modulation frequency (§ 5-2). 
A keying speed of 50 words per minute, send-
ing sinusoidal dots, would give sidebands only 
20 cycles either side of the carrier. However, 
when harmonics are present in the modulation 
the sidebands will extend out on both sides of 
the signal as far as tile frequency of the highest 
harmonie. The rectangular wave form con-
tains an infinite number of harmonies of the 
keying frequency, so a carrier modulated by 
truly rectangular its would have sidebands 
covering the entire speetrum. Actually, the 
high-order harmonics are eliminated because 
of the selectivity of the tuned circuits (§ 2-10) 
in the transmitter, but there still is enough 
energy in the lower harmonics to extend the 
sidebands considerably. Considered from an-
other viewpoint, whenever a pulse of current 
has a steep front (or back) high frequencies 
are certain to be present. If the pulse can be 
slowed down, or caused to lag, through a suit-
able filter circuit, the highest-order harmonics 
are filtered out. 
Key clicks— lierause the high-order har-

monics exist only during the brief interval 
when the keying character is started or ended 
(when the amplitude of the keying wave is 
building up ir hying down t, their effects outside 
the normal eommunication channel are ob-
served as pulses of very short duration. These 
pulses are called key clicks. 

Tests have shown that practically all opera-
tors prefer to copy a signal which 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. The sanie tests indicate that 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 lias 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 inter-
ference), but if it is too " soft" the dots and 
dashes will tend to run together. It is relatively 
simple to adjust the keying of a transmitter 
so that for all normal hand speeds (15 to 40 
w.p.m.) the readability will be satisfactory 
while the keying still will not cause interfer-
ence to reception of other signals near the 
frequency of the transmitter. 

137 
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Break-in keying— In code transmission, 
there are definite intervals, between dots and 
dashes and between words, when no power is 
being radiated by the transmitter. It is possi-
ble, therefore, to allow the receiver to operate 
continuously and thus be capable of reeeiving 
incoming signals during the keying intervals. 

Fig. 602 A, sliows 
plate IS ing: It, screen 
grid k. ir.t 
circuits are shown 
in both eases, but 
the same keying 
methods can be used 
with a iniehliereirenits. 

This practice facilitates communication, be-
cause the receiving operator can signal the 
transmitting operator, by holding down the 
key of his transmitter, whenever he has failed 
to copy part, of the message. an,1 thus obtain a 
repetition of the part that, is missing witInint 
waiting until the end of the message. This is 
called break-in opera t 
Frequency stability— Keying, should have 

no effect upon the out put frequency of a prop-
erly designed and adjusted transmitter. How-
ever, in many insbillves keying will cause a 
"ehirp," or small frequemy change, at the 
instant of cl ,,sing or opening the key, which 
makes the signal difficult to read. Multistage 
transmitters keyed in a stage subsequent to 
the oscillator usually : ire free from this condi-
titin, unless the keying causes line-voltage 
changes which in turn affect the frequency of 
the oscillator. When the oscillator is kept(' 
for break-in operation, simeial care must be 
taken to insure that the signal does not have 
keying chirps. 
Selecting the stage lo key— it is advan-

tageous from an operating standpoint to 
design the c.w. transmitter for break-in opera-
tion. In iirdinary cases this dictates that the 
oscillator be keyed, since it continuously 
running oscillator will create interference in the 
receiver and thus prevent break-in operation 
on or near the transmitter frequency. On the 
other hand, it is easier to avoid a chirpy signal 
by keying a buffer or amplifier stage. In either 
case, the tubes following the keyed stage must 
he provided with sufficient fixed bias to limit 
the plate currents to safe values when the key 
is up and the tubes are not being excited (§ 8-9). 
Complete cut-off redimes the possibility of a 
back-wave if a stage other than the oscillator 
is keyed, but the keying waveform is not as well 
preserved and some clicks can be introduced 
even though the keyed stage itself produces 

no clicks. It ie a good general rule to bias the 
tubes so that they draw a key-up plate current 
equal to about 5 per cent of the normal key-
down value. 
Keyed power— The power broken by the 

key is an important considerati,m, both from 
the standpoint of safety for the operator and 
that of arcing at the key contacts. Keying the 
oscillator or a low-power stage is favorable in 
both respects. The use of a key i mg relay is 
highly recommended when a high-power cir-
cuit is .,:eyeti. 

6-2 Keying Circuits 

Plate-circuit keying— Any stage of the 
transmitter can be keyed by opening and elits-
ing the plate power cireuit. Two methods are 
shown in Fig. 602. In A the key is in series 
with the negative lead from the plate power 
supply to the keyed stage. It could also be 
placed in the positive lead, although this is 
to be avoided whenever possible because the 
key is necessarily at the plate voltage above 
ground. and there is danger of shock unless a 
keying relay is used. 

Fig. 602-B shows the key in the screen-
supply lead of an electron-coupled oscillator. 
This can be considered to be a variation of 
plate keying. 

Bot lit he plate and sereen-grid keyingeirenits, 
A and It of Fig. 602, respond Nvell to the use of 
key-elick filters, and are partivularly suitable 
for use with crystal and self-vontrolled oscilla-
tors whieli are operated at low plate voltage 
and power input. 
Power-supply keying— t variation of 

plate keying, in which titi' keying is introdured 
in the power-supply system itself, rather than in 
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Fig. 603 — l'ower.supply kel in g. Grid-control reetiliers 
are 'Neil in A. Transfririncr l• is a small multiple-second-
ary unit of the type used in recei‘ er power supplies, 
and i. used Ill conj •tion with the foll-w ave recti-
fier tube to develop bias voltage for the grid.. if the high-
voltage rectifiers. limits the load on the bias supply 
when the keying relay is closed; 50,000 duns is a suitable 
value. Cu may be(1.1 dd. or larger. L and I:constitute the 
smoothing filter for the high-voltage 'rt'e In rl both cir-
cuits. 111 shows direct keying of the transformer primary. 
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the connections between the power supply and 
transmitter, is illustrated by the diagrams in 
Fig. 603. 

Fig. 603-A shows the use of grid-controlled 
rectifier tubes (§ 3-5) in the power supply. 
Keying is accomplished by applying suitable 
bias to the grids to cut off plate current flow 
when the key is open, and by removing the bias 
when the key is closed. Since in practice this 
eireuit is usisl only with high-powered high-
voltage supplies, a well-insulated keying relay 
is a necessity. 

Direct keying of the primary of the plate 
power transformer for the keyed stage or stages 
is shown in Fig. 603-1f. This and the method at 
A inherently have a keying lag because of the 
time constant (§ 2-6) of the smoothing filter. 
If enough filter is provided to reduce ripple to 
a low percentage (§ 8-4) the lag (§ 6-1) is too 
great to permit crisp keying at speeds above 
about 25 words per minute, although this 
type of keying is very effeetive in eliminat-
ing key ( licks. A singlu-spet ion plate-supply 
filter (§ 8-6) is about the most elalnirate type 
that can be used if a reasonably good keying 
characteristic is to be achieved. 

Fig. 604 — Bloeked-grid ke ing. Ri, the current-limit-
ing resistor, should have a value of al  50.000 ohms. 
Ci may ha, e a raparit of 0.1 to 1 pfd., depending 
upon the kev ing eltaracterist ie de-ired. R2 a 1-1, depends 
on the performance rharacteri-t ie able- being 
of the order of 5000 to 10,000 ' dims in most eases. 

Blocked-grid keying— Keying may be ac-
complished by applying sufficient negative 
bias voltage to a control or suppressor grid to 
cut off plate current flow when t he key is open, 
and by removing this blocking bias when the 
key is closed. The blocking bias voltage must 
he sufficient to overcome the r.f. grid volt-
age, in the case where the bias is applied 
to the control grid, and hence must be con-
siderably higher than the nominal cut-off 
value for the tube at the operating d.c. plate 
voltage. The fundamental circuits are shown 
in Fig. 604. 

In both circuits the key is connected in 
series with a resistor, which limits the cur-
rent drain on the blocking-bias source when the 
key is closed. R2Ci is a resistance-capacity filter 
(§ 2-11) for controlling the lag on make and 
break of the key circuit. The lag increases as 
the time constant (§ 2-6) of this circuit is made 
larger. Since grid current flows through R2 
when the key is closed in Fig. 604-A, additional 
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operating bias is developed, hence somewhat 
less bias is needed from the regular bias supply. 
The operating and blocking biases can be ob-
tained from the same supplv. if desired, by 

eaten 

Fig. 605—C.40.r-tap and cathode keyin g. The en-
sers, C. are r.f. lt% - tea,- e,,ntlensers. Their rapacity is not 
critical, valuestd0.001 to 0.01 aril. ordinarily being used. 

utilizing suitable taps on a voltage divider 
(§ 8-10). For circuits in whieh no fixed bias is 
used can be the regular grid leak (§ 3-6) for 
the stage. 

With blocked-grid keying a relatively small 
direct current is broken as compared to other 
systems. Thus any sparking at the key is re-
duced. The keying charaeteristic (lag) readily 
can be controlled by a suitable choice of values 
for CI and I. 
Cathode keying— Opening the d.e. circuits 

of both plate and grid simultaneously is called 
entlinde keying. It is usually called center-tap 
keying with a turc-etly heated filament-type 
tube, since in this ease the key is tilaced in the 
filament-tr;Insfornier center- tap h-ad. Typical 
circuits for this type of keying are shown in 
Fig. 605. 
Cathode keying results in less sparking at 

the key contacts, for the sanie plate power, 
as compared with keying in the plate-supply 
lead. when used with an oseillator it does not 
respond as readily to key-il it k filtering (§ 6-3) 
as does plate keying, but there is little differ-
ence in this respect between the two systems 
when an amplifier is keyed. 

4I 6-3 Key-Click Reduction 

R.f. filters— A spark at the key contacts, 
even though minute, will cause a damped 
oscillation to be set up in the keying circuit 
whieh may modulate the transmitter output 
or may simply be ra.liated by the wiring in the 
keying circuit. 1111(.11(4141(p from the latter 
source is usually confined to the immediate 
vicinity of the transmitter, and is similar in 
nature. and effects to the click which is fre-
quently heard in a, receiver when an electric 
light is turned on or off. It ea it be minimized by 
isolating the key frion the wirin a n g hy mes of a 
low-pass filter (..§ 2-11), which usually consists 
of an r.f. choke in each key lead, played as close 
as possible to the key, and by-passed on the key-
ing-line side by a condenser, as shown in Fig. 
606. Suitable values must be determined by 
experiment. Choke values may range from 
2.5 to 80 millihenrys, and condenser capacities 
from 0.001 to 0.1 pfd. 

This type of r.f. filter is required in nearly 
every keying installation, in addition to the 
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lag circuits which are discussed in the next 
paragraph. 
Lag circuits — A filter used to give a desired 

shape to the keying character, to eliminate 
unnecessary sidebands and consequent inter-
ference, is called a lag circuit. In one form, 
suitable for the circuits of Figs. 602 and 605, it 
consists of a condenser across the key terminals 
and an inductance in series with one of the 
leads. This is shown in Fig. 607. The optimum 
values of capacity and inductance must be 
found by experiment, but are not especially 
critical. If a high-voltage low-current circuit 
is being keyed a small condenser and large 
inductance will be necessary, while if a low-
voltage high-current circuit is keyed the ca-
pacity required will be high and the inductance 

ete Yel Fig. — 11.f. filter used for 
eliminating the efferts of eparking 
at key e. ir  Suitable %Am.,: 
for best ru-talt.: wit h indis ithtai 
tram- roil tir- Ire iletermiutql 

°' lis 1,1.1•111111•111. alises for /: H: 
range from 2.3 to 80 millihruries 

efeY and for C from 0.001 to 0.1 pfd. 

small. For example, a 300-v, 6-nia. circuit 
Will require about 30 henrys and 0.05 fd., 
while a 300-volt 50-nia. circuit needs albout 
1 henry and 0.5 afd. For any given circuit 
and fixed values of current and voltage, in-
creasing the inductance will reduce the clicks 
on " make" and increasing the capacity will 
reduce the clicks on " break." 

Blocked-grid keying is adjusted by changing 
the values of resistors and condensers in the 
circuit. In Fig. 601, the click on " make" is 
reduced by increasing the capacity of and 
the click on break is reduced by increasing Ci 
and/or R2. The values requited for individual 
installations will vary wit it the amount of 
blocking voltage and the grid current. The 
constants given in Fig. Lt1 1. \ v..1 serve as a first 
approximation. 
Tube keying — A tube keyer is a convenient 

adjunct to the transmitter, because it allows 
the keying characteristic to be adjusted easily 
without necessitating condenser and induct-
ance values which may not lw readily availa-
ble. It uses the plate resistance of a tube (or 
tubes in parallel to replace the key in a plate 
or cathode circuit, the keyer tube (or tubes) 
being keyed by the blocked-grid method 
(§ 6-2). A typical circuit is shown in Fig. 608. 
Type 45 tubes are suitable because of their 
low plate resistance and consequent small 
voltage drop between plate and cathode. 
When a tube keyer is used to replace the key 
in a plate or cathode circuit, the power output 
of the stage will be somewhat reduced because 
of the voltage drop across the keyer tube, 
but this can be compensated for by a slight 
increase in the supply voltage. The use of a 
tube keyer makes the key itself entirely safe to 
handle, since the high resistance in series with 
the key and blocking voltage prevents possible 
danger of shock through contact with high-
voltage circuits. 

AÇC 

El 6-4 Checking Transmitter Keying 

— Transmitter keying can be checked 
by listening to the signal on a superhetero-
dyne receiver. The antenna should be discon-
nected, so that the receiver does not overload, 
and, if necessary, the r.f. gain may be reduced 
as well. Listening with the beat oscillator and 
a.v.e. off, the keying should be adjusted so 
that a slight click is heard as the key is closed 
but practically none can be heard when the key 
is released. Wititi the keying constants have 
been adjusted to meet this condition, the 
clicks will be about optimum for all normal 
amateur work. If flic tIitks are too pronounced, 
they will cause interference with other ama-
teur transmissions, and possibly to nearby 
broadcast receivers. 
Chirps — Reying chirps (instability) may 

be checked by tuning in the signal or one of 
its haroninics on the highest frequency range 
of the receiver and listening with the b.f.o. 
on and the a.v.e. off. The gain should be suffi-
cient to give moderate signal strength, but 
it should be low enough to preclude the pcissi-
bility of overloading. Adjust the tuning to 
give a low-frequency beat note and key the 
transmitter. Any chirp introduced by the 
keying adjustment will he readily apparent. 
Listening to a harmonic. will magnify the effect 
of any instability by the ()viler of the har-
monic. : L1111 dill,: Maki` il titrai i titi' .15)10. 
Osei I hi tor keyin — Tile 1:(•.\. in g of an ampli-

fier is rehltively strnightforward ninl requires 
110 special treatnient, but a few addit halal pre-

To Keyed Cjrcue 
Fig. - Lag cirenit n,,,1 for 
shaping t kr, rira ritztractrr to 
el' ate 1111111•1•1,,I -hdritands. 
Artual s : Mt,- for ans t2istm t•trruit 
 •tt I ri,l.'bl-routed it, v‘orriment, 
aml mas mop. fr  I to :10 henries 
for L and from 11.05 to 0.5 µ M. for 
C, depending on the keyed current. 
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and r.f biter 

cautions will be found necessary with oscillator 
keying. Any oscillator, either self-excited or 
crystal, will key well if it will oscillate at low 
plate voltages (of the order of one or two volts) 
and if its eleinge in freimeney wit It plate-volt-
age change is negligil le. A crystal oscillator 
will oscillate at lim plate voltages if a regenera-
tive type of circuit sue,' as the Tri-tat or grid-
plate (§ 4-5) is used and if an r.f. choke is con-
nected in series with the grid leak, to reduce 
loading on the crystal. Crystal oscillators of 
this type generally are free from chirp unless 
there is a relatively large air-gap bet ween the 
crystal and top plate of the crystal holder, as is 
the case with a variable-frequency crystal set 
at the high-frequency end of its range. 

Self-controlled oscillators can be made to 
meet the same requirements by using a high 
CIL ratio in the tank circuit, low plate and 
screen currents, and judicious feed-back ad-
justment (§ 3-7). A self-controlled oscillator 
intended to be keyed should be designed for 
good keying rather than maximum output. 
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Stages following keying — When a keying 
filter is being adjusted, the stages following 
the keyed tube should be made inoperative by 
removing the plate voltage. This facilitates 
monitoring the keying without the introduc-
tion of additional effects. The following stages 
should then be added, one at a time, checking 
the keying after each addition. An increase 

in click intensity (for the same carrier strength) 
indicates that the clicks are being added in 
the stages following the one being keyed. 
The fixed bias on such stages should be suffi-
cient 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, either 
of which can adversely affect the keying char-
acteristic, usually will evidence itself. 
Monitoring of keying — Most operators 

find a keying monitor helpful in developing 
and maintaining a good " fist," espeehilly if a 
"bug" or semi-automatic key is used. While 
several types have been devised, the most 
popular consists of an audio tor the out-
put of which is eg)upled to the reeeiver 
speaker or headphones, and which is keyed 
simultaneously with the transmitter. Fig. 609 
shows the circuit diagram of a simple keying-
monitor oscillator. The idate voltage, as well 
as the heater voltage, is supplied by a 6.3-volt 
filament transformer. One section of the 
6F8G dual triode is used as the rectifier to sup-
ply d.c. for the plate of the second section, 
which is used as the oscillatcni. A change in the 
value of R1 vill alter the output tone. The out-
put terminal labeled Gad should be cm nit 
directly to the receiver chassis, while PI should 
be connected to the " hot" side of the head-
phones. Shunting of the ' phones by the oscil-
lator may cause some loss of volume in re-
ceived signals. unless the coupling capacity. (r3, 

is made sufficiently small. However, the capac-

Fig. 608 — Vac ttttt u-tithe keyer circuit. 'I. le voltage 
drop acro,s tbc tithes will be approximately tg) volts with 
the two Ty pl. IT, tubes show n, when the key ed current 
is 100 milliamperes. \l ore tubes can he (tonne led in par-
allel to reduce the drop. Suggest,' values are as follows: 

Ci — 2-afil. MO.% tat paper. 
C2 — 0.003.µ(11. mica. 
C3— 0.005-pfel.  • .a. 
Ri — 0.25 megohm, 2 watt. 
R2— 50,000 ohms, 10 watt. 
Ra, Rs — 5 megohms. j/t2' watt. 
R5 — 0.5 megohm, ,1/2. watt. 
SWI, SW2 — 1-eireuit 3-pt'sition rotary switch. 
Ti — Power transformer, 325 volts each side of center-

tap, with 5-volt and 2.5-volt filament w hidings. 

A wider range of lag adjustment can be obtained by 
using additional resistors and condettser. Suggested 
values of capacity, in addition to C2 and CI. are (1.111)1 
and 0.002 dd. Resistors in addition to ll could lue 2.2.1 
and 5 megohms. More switch positions will be required. 
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3 
Fig. 609 — Circuit diagram of a keying monitor of the 
audile-oseillator type, with self-contained power supply. 

Cu — 25-aftl. 25-volt electrolytic. 
Ca — 230- Al.  • .a. 
Ca — Approximately 0.01 dd. (see text). 
lit — 0.15 megohm, j/2" watt. 
112— Approximately 0.1 megohm, 1 watt (see text). 

-- 6.3-volt 1-anwerc filament transformer. 
— Small audio tran,former, interstage type. 

ity should be anule large enough to provide 
good transfer of the oseillator signal. 

If the transmitter oscillator is keyed for 
break-in, the keying terminals of the oscillator 
may be connected in parallel with those of the 
transmitter. With cathode keying, terminals 1 
and 2 will be connected across the key, with 
terminal 2 going to the ground side of the key. 
Wit ii blocked-grid keying, terminals 2 and 3 
go to the key and a resistance of 0.1 megohm 
or so is inserted in series with terminal 3. 

Electronic keys— Several electronic circuits 
have been ( Iiivised for producing automatic 
dots and diishes. A typical example is shown in 
Fig. 610. The values provide for a maximum 
speed of 60 w.p.m. with a 300-volt supply. 
and R2 silt / 11111 be of the same type and ganged 
to form t I speed control. To adjust for proper 
operiition, ground the right cathode and adjust 

unt il the left plate current is zero. Do the 
same thing wit ii the sections reversed, biasing 
the right section to cut-off temporarily. Adjust 
R5 until the plate voltages are equal. Return 
the circuit to normal and check the average 
plate voltages with the key on the " dot" side. 
If they are unequal, adjust a fixed resistor con-
nected in series with l? A or R2 until they are 
equal. On dashes, the plate voltage of the right 
section should drop one-third and that of the 
left section should increase by one-third. Ad-
just the size of C3 until this condition is met. 
(See QS7' for March, 10-14.) 

Fig. 610— A multivibrator-type electronic key. 
Cz — 0.005 -mfd. 

mica. 
Ca 0.01 -5 1.1. 400. 

volt leaner. 
Cs — 0.01 — plu., ap-

proximately. 
RI, liz — 2-megtditti 

variable (see 
text). 

113, Rs — 50,000 ohms, 
!.,(; watt. 

R5 — 3000 ohms (or 
resistance 
equal to re-
sistance of 
Ry). 

RO — 0.25 niegohin, 
;,:! watt. 

117 — 75,000 ohms, y2 
watt. 

R y — Sensitive relay 
(Eby). 



ehapter Seven 

Receiver Principles and Design 
7-1 Elements of Receiving Systems 

Basic require:neat s — Thu purp,se of a 
radio receiving system is to alistrart energy 
ham passing radio waves aml convert it into 
a form which conveys the intelligence con-
tained in the transmitted signal. The receiver 
also must be abh• to select a desired signal and 
eliminate those not wanted. The litio la mental 
processes invidved are those of amplification 
and detection. 
Detection — The high frequenries used for 

radio signaling are well is' titi the audio-
frequency range (§ 2-7), atol t herefore cannot 
be used to actuate a loudspeaker directly. Nei-
ther can they be used to operate other devices, 
such as relays, by means of which a message 
might be transmitted. The process of convert-
ing a modulated radio-frequency wave to a 
usable low frequency, called 'I'tection or de-
modulation, is essentially that of rectification 
(§ 3-1). The modulated carrier (§ 5-1) is there-
by converted to a unidirectional current, the 
amplitude of which will vary at the same rate 
as the modulation. These l,)\v-frequiincy varia-
tions are readily amplified, a ml cati he applied 
to the headphones, loudspeaker or other form 
of electromechanical device. 

C,otle signals— The dots and dashes of code 
(c.w.) transmissions are rectified as described, 
but in themselves can primitive no audible tone 
in the headphones or hiudspeaker because they 
are of constant atoplitude. For aural reception 
it is necessary to introduce a second radio fre-
quency, differing from the signal frequency by 
a suitable audio frequency, into the detector 
circuit to produce an audible beat (§ 2-13). 
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 de-
tector itself is made to oscillate and produce 
the second frequency, it is known as an auto-
dyne detector. 
Amplification— To build up weak signals 

to usable output level, modern receivers em-
ploy considerable amplification — often of the 
order of hundreds of thousands of times. Am-
plifiers are used at the frequency of the incom-
ing signal (r.f. amplifiers), after detection (a.f. 
amplifiers), and, in superheterodyne receivers, 
at one or more intermediate radio frequencies 
(i.f. amplifiers). RI. and If. amplifiers practi-
cally always employ tuned circuits. 

Types of receivers— Receivers may vary 
in complexity from a simple detector with no 
amplilieation to multi-tube arrangements hav-
ing amplitieation at several different, radio 
freipteneies as well as at auili» frequency. A 
regenerative detector (§ 7-4) with or without 
audio-frequency amplifivation (§ 7-5) is known 
as a regenerative receiver; if the detect ir is pre-
ceded by one or more tuned t'. f. amplifier 
stages (§ 7-6). the combination is known as 

l.r.f. ( tolled radio frequency) receiver. The 
superheterodyne receiver (§ 7-8) 1, nitic t. f. am-
plification at a fixed intermediate frequency 
as well as at the frequency of the signal itself, 
the latter being eonvertec I by the heterodyne 
proeess to the intermediate frequency. 
At very-high frequencies the superregenera-

five detector (§ 7-1), usually with audio ampli-
fication, is used in the superregenerative re-
ceiver or superregeracrolor, priividing large am-
plifieation of weak signals with simple circuit 
arrangements. 

7-2 Receiver Characteristics 

Sensitivity — Sensitivity is defined as the 
strength of the signal ( usually expressed in 
microvolts) whirh must be applied to the input 
terminals of the receiver to produce a specified 
auilio-freipiency power output at the loud-
spea ker nr headphones (§ 7-5). It is a measure 
()I' the amplifivation or gain of the receiver. 
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KILOCYCLES FROM RESONANCE 

Fig. 701 — Selectivity ettrve of a modern superhet-
erodyne receiver. Relative response is plotted against 
deviations above and below the resonance frequency. 
The scale at the left is itt terms of voltage ratios; 
the corresponding decibel steps are shown at the right. 
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Signal-to-noise ratio— Every receiver gen-
erates some noise of a hiss-like character, and 
signals weaker than the noise cannot be sepa-
rated from it no matter how much amplifica-
tion is used. This relation between noise and a 
weak signal is expressed by the term signal-to-
noise ratio. It can be defined in various ways, 
one simple way being to give it as the ratio of 
signal power output to noise output front the 
receiver at a specified value of modulated car-
rier voltage applied to the input terminals. 

The ! Liss-like tutise mentioned abiive is in-
herent in the circuits and tubes of the receiver, 
and its amplitude depends upon t he selectivity 
of the receiver. The greater the selectivity t he 
smaller the noise, other things being equal 
(§ 7-6). In addithai to inherent receiver noise, 
atmospheric electricity ( natural " static") and 
electrical devices in the vicinity of the receiver 
also cause noise which adversely affects the 
signal-to-iiitise ratio. 
Selectivity— Selectivity is the ability of a 

receiver to discriminate against signals of fre-
quencies differing from that of the desired sig-
nal. Tice over-all selectivity \ vill depend upon 
the selectivity of the individual tuned circuits 
and the number of such circuits. 
The seleetivity cif a receiver is shown graph-

jean' liv Irriwiuig a curve which gives the ratio 
of signal st rengtli required at various frequen-
cies off resonance to the signal strength at 
resonanee, t o give construit out put . A rusww ace 
curve of this type (taken on a typical com-
munications-type superheterodyne receiver) is 
shown in Fig. 701. The bawl- width is the width 
of the rescumnee curve ( in eyries or kilocy-
cles) of a receiver at a specified ratio; in Fig. 
701, the band-widths are indicated for ratios 
of response of 2 and 10 (" 2 times down" and 
"10 times (lown"). 

Selectivity for signals within a few kiloeycles 
of the desired-signal frequency is called mlja-
Curd-chute/6c/ selectivity, to distinguish it front 
the discrimination against signals considerably 
removed from the desired frequency. 
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 frequency. Pri Ina rit, it means the ability 
to stay tuned to a given signal. However, a 
receiver which at some settings of its controls 
has a tendenev to break into oscillation, or 
"howl," also is; said to be unstable. 
The stability of a receiver is affected prin-

cipally by temperat ore va riat ions, supply-volt-
age changes, and constructional features of a 
mechanical nature. 
Fidelity— Fidelity is the relative ability of 

the receiver to reproduce in its output the 
modulation ( keying, ' phone, etc.) carried by 
the incoming signal. For exact reproduction 
the band-width must be great einurgh to ae-
commodate the highest modulation frequency 
transmitted, and the relative amplitudes of the 
various frequency components within tlte band 
must not be changed in the output. 
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(A) 

(8) 

(C) 

A.endr.t 

Fig. 702—Sinlpli MA and ¡war ical diode detector 
circuit,. A, the elementary half-wave diode detector; 
B. a practical circuit, with r.f. filtering and audio output 
coupling; (:, as t' diode detector, with output cou-
plin g indieated. The circuit. /.2C1, is tuned to the signal 
fre.prein• piral v;ilurs for C2 and lit in A and It are 
250 mpftl. awl 2:;0,00o ' duos, respecthely ; in II, (:2 and 
Ca are 1110 m ad. eau- Ii: 1:1, 511,000 ohms; and 112, 250,000 
ohms. C4 is 0.1 aft'. and lia may be 0.5 to 1 megohm. 

Ill 7-3 Detectors 

CharacieriNt ics — The important charac-
teristics id a detector are its sensitivity, fidelity 
or linearity. resistance or impedance, and sig-
nal- handling capability. 

Detector sunsifirity is the ratio of audio-
freqiumey output to radio-frequency input. 
Li ir il is a measure of the ability of the 
detector to reproduce, as an audio frequency, 
the exact form of the modulation on the in-
coming signal. The resistance or impedance of 
the detector is important in circuit design, 
since a relatively low resistance means that 
power is eonsumed in the detector. The signal-
laindliag capability means the ability of the 
detector to accept signals of a specified ampli-
tude without overlieufing. 
Diode detectors — The simplest detector is 

the diode rectifier. Cireuits for both half-wave 
and full-wave (§ s-;;) diodes are given in Fig. 
702. The simplified half-wave circuit at 702-A 
includes the r.f. tuned circuit, L2C1, a coupling 
coil, LI, front which the r.f. energy is fed to 
L2.C1. and the diode. D. with its load resist-
ance, Iii, and by-pass condenser, C2. The flow 
of rectified r.f. current through k I causes a d.c. 
voltage to develop across its terminals, and 
this voltage varies with the modulation on the 
signal. The — and -1- signs show the polarity 
of the voltage. The variation in a mplitude of 
the r.f. signal with modulatitni ea LISPS el e 
sponding variations in the value of the d.c. 
voltage across RI. The load resistor. RI, usually 
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through '  
coupling 0 (0) 
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Fig. 703 — Diagrams showing the detection prI/eVSS. 

has a rather high value of resistance, so that a 
fairly large voltage will develop from a small 
rectified-current flow. 
The progress of the signal through the de-

tector or rectifier is shown in Fig. 703. A typi-
cid modulated signal as it eNi,ls in t he tuned 
circuit is shown at A. When aphid to the 
rectifier tube. current flows from plat o to cath-
ode only during this part of the r.f. cycle when 
the plate is positive with respect to the tat it-
(Ide, so that the output of the rectifier consists 
of half-cycles of r.f. still modulated as H the 
original signal. These current " pulses" flow 
in the load circuit comprised of k1 and C2, t li 
resistance of RI and the capacity of C2 being so 
proportioned that C2 charges to the peak value 
of the rectified voltage on each pulse awl re-
tains enough charge between pulses so that t il 

voltage across lei is smoothed out, as shown in 
C. C2 titUS acts as a filter for the radio-fre-

quency component of the output of the reel fier, leaving leaving a (I.e. component which varies in 

the same way as the modulation on the original 
signal. When this varying d.c. voltage is ap-
plie(l to a following amplifier through a cou-
pling condenser (C, in Fig. 702-B), only the 
variations in voltage are transferred, so that 
the final output signal is a.c., as shown in I). 

In the circuit at 702-B, /?1 and C2 have been 
divided for the purpose of providing a more 
effective filter for r.f. It is i iiiit nut 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 a udio-
frequency variations can be transferred to 
another circuit through a coupling condenser, 
C4 in Fig. 702, to a load resistor, R3, ‘v 
usually is a " potentiometer" (§ 8-10) so that 
the volume can be adjusted to a desired level. 
The full-wave diode circuit at 702-C differs in 

operation from the half-wave eircuitonly in that 
both halves of the r.f. cycle are iitilized. 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 poten-
tial as the cathode, or " ground" for r.f. 
The reactance of C2 must be small compared 

to the resistance of RI at the radio frequency 
being rectified, but at audio frequencies must 
be relatively large compared to RI (§ 2-8, 2-13). 
This condition is satisfied by the values shown. 
If t lie capacity of C2 is tOtt large, response at the 
higher audio frequencies will be lowered. 
Compared with other detectors, the sensitiv-

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 (§ 2-10). The linearity is good, however, 
and the signal-handling capability is high. 
Grid-leak detectors — The grid-leak de-

tector is a combination diode rectifier and 
audio-frequency amplifier. In the circuit of 
Fig. 701-A, the grid corresponds to the diode 
plate and the rectifying action is exactly the 
same as just described. The voltage from 
rectified-current flow through the grid leak, RI, 
biases the grid negatively with respect to cath-
ode, and the audio-frequenry variations in 
voltage across RI are amplified through the 
tube just as in a normal a.f. amplifier. In the 
plate circuit, H2 is the plate load resistance 
(§ 3-3) and C3 is a by-pass condenser to elim-

" 3 Output 
R, 

Input 

R F 
Input 

(6) "6 RI) 
Fig.. 704 — i.1 - leak detector circuits, A, triode; It, pen-
tode. A tetrode may be used in the circuit of il by 
neglecting the suppressor-griil  •ction. Transformer 
coupling ini. i,, 111.,iituted for resistance coupling in 
A, or a high-indlielance choke may replace the plate 
resistor in It. LIC1 a circuit t  to the signal fre-
quency. The grid leak, lit, may be e,ninerted 
trolls grid to ratio bile instead of acro, t Ile cri,1 conilense.r 
as shown. The operation with either connection will be 
the sanie. Representative values for components are: 

Component  Circuit  1 Circuit It  
C2 100 to 250 pafil. 100 to 250 µdd. 
C3 0.001 to 0.0142 µfil. 250 to 500 µµfil. 
Ci 0.1 mid. 0.1 µfil. 
C5 0.5 dd. or larger. 
Itj I ii. 2 inegolons. 1 tie 5 inegoline.. 
lt2 50,000 ohms. 115000 to 250,000 ohms. 
11.5 50,000 01111111. 
It4 20,000 ohms. 

Audio transformer. 
500-henry choke. 

'Ile plate voltage in A should be about 50 volts for 
best sensitivity. In It, the screen voltage should be 
about 30 volts and the plate voltage from 100 to 250. 
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mate 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 
704-B. The operation is equivalent to that 
of the triode circuit. The screen by-pass con-
denser, C5, should have low reactance (§ 2-8, 
2-13) for both radio and audio frequencies. R3 
and R4 constitute a voltage divider (§ 8-10) 
from 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 resistance of RI; 
the same applies to C3 with respect to R2. 

Because of the high plate resistance of the 
screen-grid tube (§ 3-5), transformer coupling 
from the plate circuit of a screen-grid detector 
is not satisfactory. An impedance (L in Fig. 
704-B) 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, in, 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. 

Plate detectors— The plate detector is 
arranged so that rectification of the r.f. signal 
takes place in the plate circuit of the tube, 
as contrasted to the grid rectification just de-
scribed. 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 fol-
lows 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. 705. C3 is the plate by-pass condenser, 
R1 is the cathode resistor which provides the 
operating grid bias (§ 3-6), and C2 is a by-pass 
for both radio and audio frequencies across RI 
(§ 2-13). R2 is the plate load resistance (§ 3-3), 
across which a voltage appears as a result of 
the rectifying action described above. C4 is the 
output coupling 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-off point (§ 3-2, 3-3). Im-

(A) 

C. „Leg 
'Widget. 

At 

111 

41 

Fig. 705— Circuits for plate detection. A, triode; B, 
pentode. The input circuit, LICI, is tuned to the signal 
frequency. Typical values for the other constants are: 

Component Circuit A Circuit 13 

C2 0.5 µM. or larger. 
C3 0.001 10 0.002 pfd. 
C4 0.1 gM. 
Cfi 
lit 25,000 to 150,000 ohms. 
R2 50,000 30 100.000 ohm,. 
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R3 

0.5 µfd. or larger. 
250 to 500 µoft!. 
0.1 µfd. 
0.5 µfil. or larger. 
10,000 to 20,000 oloos. 
100,000 to 250,000 ohms. 
50,000 ohms. 
20,000 ohms. 

Plate voltages front 100 to 250 volts may be used. 
Effective screen voltage in 13 should be about 30 volts. 

pedance coupling may be used in place of the 
resistance coupling shown in Fig. 705. The 
same order of inductance is required as with the 
screen-grid 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 shown, 
is good. Up to the overload point the detector 
takes no power from the tuned circuit, and 
so does not affect its Q and selectivity (§ 2-10). 

Infinite-impedance detector— The circuit 
of Fig. 706 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 to 
which it is connected. The circuit resembles 
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 cathode resistor 
is by-passed for r.f. (C1) but not for audio 
(§ 2-13), while the plate circuit is by-passed 
to ground for both audio and radio frequencies. 
R2 forms, with C3, an RC filter (§ 2-11) to iso-
late the plate from the " B" supply at a.f. 
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 
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increased plate current. Because of this and 
the fact that the initial drop across Ri is large, 
the grid cannot be driven positive with respect 
to the cathode by the signal, hence no grid 
current can be drawn. 

R.£1npul 

-8 ou*Tkt 
•0 

Fig. 706— The inlinite-ini wdanee linea deteetor. 
'flic input circuit, 1,2C1, is I 41 to the signal fre-
quency.. Typical values for the other col stunts are: 

C2-250 add. Hi — 0.15 meaohm. 
— 0.5 aril. H2 — 25,0011 dims. 
—0.1 mfd. lia 0.25-m. colon volume control, 

A tube having a medium amplifi.ation factor (about 
20) should be use, I. Plate vietta, -hould be 250 volts. 

41 7-4 Regenerative Detectors 

Circuits— By providing controllable r.f. 
feed-back or regeneration § :3-3) 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 hence increases the selectivity 
(§ 2-10) by virtue of the fact that the maxi-
muni 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 t tose previ,oisly described for 
this type of det(ictor, and the same considera-
tions apply. Tim amount of regeneration must 
be controllable, t weal tse maximum regenerative 
amplifieation is secured at the critical point 
where the circuit is just about to oscillate 
(§ 3-7) and the critiral point in turn depends 
upon circuit vonditions, which may vary with 
the frequency to which the detector is tuned. 

Fig. 707 shows the circuits of regenerative 
detectors of va ri' ills types. The circuit of A 
is for a triode tuhe, *Yith a variable by-pass 
condenser, ('3, in the plate circuit to control 
regeneration. When the capacit y Is small the 
tube does not regenerate, hut as it increases 
toward maxinium its rea eta glee § 2-S) becomes 
stnaller until a erit ical value is reacl*ed where 
there is sufficient fee( l-1 tack Iii valise oscillation. 
If L2 alai L3 are wound end-to-end in the same 
direction, the plate (• onnection is to the out-
side of the plate or ' tickler" coil, L3, when the 
grid connection is to the outside of L2. 

Tlie circuit of 13 is for a screen-grid tube, re-
generation being cold rolled 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 (§ 2-1 1). The feed-

back is adjusted by varying the number of 
turns on L3 or the coupling (§ 2-1 1) between L2 
and L3, until the tube just goes into oscillation 
at a screen voltage of approximately 30 volts. 

Circuit C is identical with B in principle of 
operation, except that the oscillating circuit is 
of the Hartley type (§ 3-7). 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. 
Adjustment for smooth regeneration — 

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 ii titi  give the same 
value of regeneration regardless of frequency 
and the loading on the circuit. In pract ive, the 
effects of loading, particularly the loading that 
occurs when the detector circuit is coupled to 
an antenna, are difficult to overcome. Like-
wise, the regeneration is 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 ( iver the whole 
tuning range (it the plate ( and screen, if a 
pentode) volt age which gives maximum sen-
sitivity. Should t tube break into oscillation 
suddenly as the regeneration control is ad-
vanced, making a click, the operation often van 
be made smoother by changing the grid-
leak resistance to a leigfier or lower N,alue. The 
wrong grid leak plus toii-high plate and screen 
voltage are the most frequent valises 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) affeet the frequency of the oscilla-
tions generated, and thereby the beat fre-
quency when c.w. signals (ire being received. 
The tighter the antenna coupling is made, the 
greater will be the feed-Intel; required or the 
higher will be the voltage necessary to make 
the detector oscillate. The antenna coupling 
should he the maximum that will allow the 
detector to go into oscillation smoothly with 
the correct voltages on the tube. If capacity 
coupling (§ 2-11) to tins grid end of the coil is 
used, only a very small amount of capacity 
will lie needed to eouple to the antenna. 
Increasing the capacity increnses the coupling. 
At frequencies titi- alltl`11118, SyStg'111 is 

resonant the absorpti( of of energy ir ' iii the 
oscillating detect( if circuit will be greater, with 
the consequence that more regeneration is 
needed. In extreme rases it may not be possible 
to make the detector oscillate with normal 
voltages, causing so-called " dead spots." The 
remedy for this is to log usen  the antenna cou-
pling to the point which permits normal c)scilla-
tion and smooth regeneration control. 
Body capacity— A regenerative detector 

occasionally shows a tendency to ehange fue-
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quency 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 detector is coupled directly 
to it. 1f 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 
which is present only when the antenna is 
connected is caused by resonance effects in 
the antenna, which tend to cause a portion of a 
standing wave (§ 2-12) of r.f. voltage to 
appear on the ground lead and thus 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 vari(4I electrically ( by adding a small 
coil or variable condenser in the antenna lead) 
until the effect is minimized. Loosening the 
coupling to the : intenna circuit also will help. 
Hum — t he power-supply frequency 

may be present in a regenerative detector, es-
pecially when it is used in an oscillating condi-
tion for c.w. reception, even though the plate 
supply itself is free front ripple (§ 8-4). The 
hum may result from the use of a.c. on the tube 
heater, but effects of this type normally are 
troublesome only when the circuit of Fig. 707-0 
is used, and then only at 11 Mc. and higher fre-
quencies. 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 (§ 2-7) in the 
power-supply system. The hum is caused by a 
species of grid modulation (§ 5-4). 
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 hunt. It is 
prone to occur with a reef i f ied a.c. plate supply 
(§ 8-1) when a standing wave effect of the 
type described in the preceding paragraph 
occurs, and is associated with the non-linear-
ity of the rectifier tube in the plate supply. 
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 eure it. 
Tuning — For c.w. reception, the regenera-

tion control is advanced until the detector 
breaks into a " hiss," which indicates that the 
detector is oscillating. Further advancing the 
regeneration 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. 
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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 t hat 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 t lirough a signal the tone first 
will be heard as u very high pitch, then will go 
down through " zer,, I ' eat ' (the region where the 
frequencies of t he incoming signal and the os-
cillating detector are so nearly alike that the 
difference or heat is less than the lowest audible 
tone) and rise again on the other side, finally 
disappearing at a very high pitch. This behaviiir 
is shown in Fig. 70s. It will be found that a 
low-pitched beat- note canto it be obtained from 
a sin tug signal because the detector " pulls in" 
or " blocks"; that is, the signal lends to control 
the detector in such a way t hat t he latter os-
cillates at the signal frequency, despite the 
fact that the circuit may ni it lie fitned exactly 
to resonance. This phenomenon, commonly 
observed when an oscillator is coupled to a 
source of a.c. voltage of approximately the 

R.F Input 

RFC 

•le 

L, 

PF/nput 
a 

= 
¡moo' 
A f Output 

R3 

-a •re 

Fig. 707 — Triode ami 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 mufti. in all circuits; the grid leak, Ru,. 
may range in value front I to 5 mcgoluns. The tickler coil, 
1.4., ordinarily will have from 10 to 25 per cent of the 
number of turns on L2; in C, the cathode tap is about 10 
per cent of the number of turns on L2 above g ttttt ittl. 
Regeneration control c tenser C3 in A should have a 
maximum capacity of 100 gpfd. or more; by-pass con-
densers Cs in B and C are likewise 100 itgfd. Cs is ordi-
narily I dd. or more; R2, a 50,000.olun potentiometer; 
R3, 50,000 to 100,000 ohms. Li in It (1,3 in C) is a 500-
henry inductance, c4 is 0.1 µfil. 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 
hest sensitivity. Pentode circuits require about 30 volts 
on the screen; plate voltage may be 100 to 250 volts. 

R3 

(A) 

(B) 
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2°'""cydes tector is capable of an inherent sensitivity ap-
proaching 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-
crates best on t he very-high frequencies. Typi-
cal superregenerative circuits for the very-
high frequencies : ire shown in Fig. 709. 
The bath! regenerative &tumor circuit is 

the ultraudion oscillator (§ 3 7). ln Fig. 709-A 
he quench frequency is obtained from it sep-

' I " 
45 

I Ir I I • 

SO SS 

DIAL SETTING 

Fig. 708 — As the tttning dial of a receiver is turned 
past a r.w. signal, the litat-Inde varies from a high tone 
down through —zero heat - no audible frequ,•ncv differ-
ence) and hack up to a high tone, as slum n at 11 and 
C. The curve is a graphical representation of the action. 
The beat exists past IMO or 10.000 is eles hut usually is 
not heard because of the I tat ions of the audio system. 

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-
vaneing the regeneration control until the 
beat-note occurs again. If the regenerative 
detector is preceded by an r.f. amplifier stage, 
the blocking can lw eliminated by reducing the 
gain of the r.f. stage. If the detector is coupled 
to an antenna, the blocking condition can be 
eliminated by advancing the regeneration 
control or loosening t be antenna coupling. 
The point just after tite receiver 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 receiver 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. 
Stsperregeneration— The limit to which 

ordinary regenerative amplification can be 
carried is the point at which oscillat ions com-
mence, since at that point further amplification 
ceases. The superregencrativc detector over-
comes this limitation by introdueing 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 detector's operating point 
(§ 3-3). As a consequence of the introduction of 
this quench or interruption frequency, the de-
tector can oscillate only when the varying 
operating point is in a region suitable for the 
production of oscillations. Because the os-
cillations are constantly being interrupted, the 
regeneration can be greatly increased, and the 
amplified signal will build up to tremendous 
proportions. A one-tube superregenerative de-

arate oscillator and introdueed hito the plate 
cirruit of the detector. The quench oscillator, 
operating at a low radio frequeney, alternately 
allows oseillations to build up in the regener-
a ice circuit and t hen causes them to die out. 
ln the absence of a signal, the thermal agita-
tion noise in the input circuit produces the 
voltage tut t t ii utes tla• build-up process. 
However, when an incoming si goal provides 
the initiating pulse, it has the effect of advanc-
ing the starting ime of the oscillations. This 
causes the area within the envelope to increase, 
as indicated in Fig. 710-C. 

If regeneration in an ordinary regenerative 
eireuit is carried sufficiently far, the circuit will 
break into a low-frequency oscillation simul-
taneously with that at the operating radio fre-
quency. This low-frequency oscillation lias 
much the same quenching effect as that front a 
separate oscillator, hence a einmit 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 h-a k 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. 

Fig. 709 — (A) Superregenerative detector circuit using 
a separate quench oscillator. (II) Self-quenched super-
regenerative detector circuit. LaCt is tuned to the signal 
frequency. Typical values for other components are: 

C2 — 50 ppfd. R4 — 51000 ohms. 

C3 — 500 pad. Ti — Audio transformer, 
C4 — 0.1 afd. plate-to-grid type. 
CS — 0.001-0.005 dd. RFC — RI. choke, value de-
nt — 2-10 megohms. pending upon frequen-
R2 — 50,000 ohms. cy. Small low-capacity 
113 — 50,000-ohm poten- chokes are required for 

tiometer. v.h.f. operation. 
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Fig. 710 — 11.1. oscillation envelopes in a self-quemlied 
superregcneratis e detector. ithout signal (A at left) 
oscillations are completely quencher! after each period, 

•  in random phase dem riding on m mary 
noise voltages. At right, when the irritiating pulses are 
supplied hy a receis ed signal the starting t. • of the 
oscillations is ad varrecrl causing the build-up period to 
begin before damping is complete. This advance is pro-
portional to the carrier am pl t uric ss lun modulated ( 10. 
Since the building-up perirrd varies in accordam•e with 
modulation (C). when thr,r• sr ave trains are rectified the 
avera ge rectified current is Kr rportional to the amplitude 
of the signal. Amplitude  halation is therefore re-
produced as an audio sr ave in the output circuit (D). 

The greater the difference between the 
quenching and signal frequencies the greater 
the amplification, bevause the signal then has 
a longer per" id in which to buihi up during the 
nonquenching led f-eycle when the resistance 
of the circuit is negative. Titis ratio should not 
exceed a certain limit, however, for during t he 
quenched or imnrt•generative intervals the in-
put selectivit y is mercly that of the Q of l he 
tuned eircuit alone. The optimum quench fre-
quency is in the neighborhood of 150 ke. for 
the 60-Mc, band anti '250 kc. for 112 Me. 
The superregenerative detector has rela-

tively little selectivity as compared to a regular 
regenerative detector, but discriminates against 
noise such as ignition interference. It also has 
marked a.v.c. action, strong signals being 
amplified much less than weak signals. 
Adjustment of superregeneratire detec-

tors— 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 the point where 
the hiss first becomes marked. When a signal is 
tuned in, the hiss will disappear to a degree 
which 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 which 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. 

*8 

(C) 

7-5 Audio-Frequency Amplifiers 
General— The ordinary detector does not 

produce very much audio-frequency power 
output — usually not enough to give satisfac-
tory sound volume, even in headphone recep-
tion. Consequently, audio-frequency amplifiers 
are used after the detector to increase the 
power level. One amplifier usually is sufficient 
for headphones, but two stages generally are 
used where the receiver is to operate a loud-
speaker. A few milliwatts of a.f. power is suf-
ficient for headphones, but a loudspeaker re-
quires a watt or more for good room volume. 

In all except battery-operated receivers, the 
negative grid bias of audio amplifiers usually is 
secured from the voltage drop in a cathode re-
sistor (§ 3-6). The cathode resistor must be by-
passed by a condenser having low reactance at 
the lowest audio frequency to be amplified, 
compared to the resistance of the cathode re-
sistor ( 10 per cent or less) (§ 2-S, 2-13). In 
battery-operated receivers, a separate grid-
bias battery generally is used. 
Headset and voltage amplifiers— The 

circuits shown in Fig. 711 are typical of those 
used for voltage amplification and for provid-
ing sufficient power for operation of head-
phones (§ 3-3). Triodes usually are preferred 
to pentodes because they are better suited to 
working into an audio transformer or headset, 
the input impedances of which 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 (§ 5-9). Its value ordinarily is from 0.25 
to 1 megohm. C2 is the input coupling con-
denser, already discussed under detectors; it 
is, in fact, identical to C4 in Figs. 704 and 705, 
if the amplifier is coupled to a detector. 
Power amplifiers— A popular type of 

power amplifier is the single pentode, operated 
Class A or AB; the circuit diagram is given in 
Fig. 711-A. Tite grid resistor, R1, may be a 
potentiometer for volume control, as shown at 

..1% • e 
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Fig. 711— Audio amplifier circuits used for voltage 
amplification and to provide power for headphone out-
put. The tubes are operated as Class-A amplifiers ($ 34). 
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R1 in Fig. 711. The output transformer, 7', 
should have a turns ratio (§ 2-9) suitable for 
the loudspeaker used; many of the small loud-
speakers now available are furnished complete 
with output transformer. 
When greater volume is needed, a pair of 

pentodes or tetrodes may be connected in 
push-pull (§ 3-3), as shown in Fig. 712-B. 
Transformer coupling to the voltage-amplifier 
stage is the simplest metlual of obtaining push-
pull input for the amplifier grids. The inter-
stage transformer, 7'1, has a center-tapped 
secondary with a seer mil:try-to-primary turns 
ratio of about 2 to 1. An output transformer, 
72, ‘vith a center-tapped primary must be used. 
No by-pass condenser is needed across the 
cathode resistor, R, since the a.f. current does 
not flow through the resistor as it does in 
single-tube circuits (§ 3-3). 
Tone COII irol — A tone control is a 

device for changing the frequency response 
(§ 3-3) of an audio amplifier; usually it is 
simply a met hot I for reg hieing high-frequency 
response. This is helpful in reducing hissing and 
crackling noises without disturbing the intel-
ligibility of the signal. 114 and C.1, in Fig. 
711-D, together form an effective tone control 
of this type. The maximum effect is secured 
when the resistance of ll4 is entirely out of the 
circuit, leaving C4 connected directly between 
grid and ground. 114 should be large compared 
to the reactance of C4 (§ 2-8) so that when its 
resist:unce is all in circuit the effect of C4 on the 
frequency response is negligible. 
Headphones a nd loudspeakers— Two types 

of headphones are in general use, the magnetic 
and crelid types. They are shown in cross-
section in Fig. 713. 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. ( headphones having one 
coil are known as the " single-pole" type, 
while those having two coils, as shown in 
Fig. 713, are called " double-pole.") A thin 
circular diaphragm of iron is placed close to 

(A) 

Input 

(B) 

Fig. 712— Power-output audio amplifier circuits. Ei-
ther Class A or AB amplification (134) may he used. 
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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. alter-
nately aids and opposes the steady field of the 
permanent magnet, so that the diaphragm 
alternately is drawn nearer to and allowed to 
spring farther away from the magnet. Its 
motion sets the air into corresponding vibra-
tion. Although the ( I.e. resistance of the coils 
may be of the order of 2000 ohms, the a.c. 
impedance of a magnet lc type headset will be 
of the order of 20,000 g dims at 1000 cycles. 

In the crystal healirl 101W, two pieZi belectric 
crystals (§ 2-10) of Rochelle salts are cemented 
together in such a way that, the pair tends 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 t u t he 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 redue-
tion of response (for constant applied voltage) 
at frequencies both above and below this 
region. The crystal type has a " flatter" fre-
quency-response curve, and is particularly 
good at reproducing thgs higher audio fre-
quencies. The peaked response curve of the 
magnetic type is advantageous in code recep-
tion, since it tends to reduce interference from 
signals having beat tones lying outsigle the 
region of maximum response, while the crystal 
type is better for the reception of voice and 
music. Magnetic headsets can be used in eir-
emits in which d.e. is flowing, such as the plate 
circuit of a vacuum tube, providing the current 
is not too large to he carried safely by the wire 
in the coils; the limit is a few milliamperes. 
Crystal headsets must be used only on a.e. 
(since a steady d.c. voltage will damage the 
crystal unit), and consequently must, be coupled 
to the turbe through a device, such as a con-
denser, which isolates the d.e. voltage but 
permits the passage of an alternating current. 
The most common type of loudspeaker is the 

dynamic type, shown in cross-section in Fig. 
713. 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. 
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Fig. 713 — Headphone and loudspeaker construction. 

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 (§ 2-5), 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. 713 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. 

7-6 Radio-Frequency Amplifiers 

Circuits — Although there may be varia-
tions in detail, practically all r.f. amplifiers 
conform to the basic circuit shown in Fig. 714. 
A screen-grid tube, usually a pentode, is used, 
since a triode will oscillate when its grid and 
plate circuits are tuned to the same frequency 
(§ 3-5). The amplifier operates Class A, without 
grid current (§ 3-4). The tuned grid circuit, 
Lei, is coupled through L2 to the antenna (or, 
in some cases, to a preceding stage). R1 and C2 
are the cathode bias resistor and by-pass con-
denser, C3 is the screen by-pass condenser, and 
/12 is the screen dropping resistor. L3 is the 
primary of the output transformer (§ 2-11), 
tightly coupled to L4, which, with C5, consti-
tutes the tuned circuit feeding the detector or 
following amplifier. The input and output cir-
cuits, Le] and L4C5, are both tuned to the 
signal frequency. 
Shielding — The screen-grid construction of 

the amplifier tube prevents feed-back (§ 3-3) 
from plate to grid inside the tube, but in addi-

tion it is necessary to prevent transfer of en-
ergy from the plate circuit to the grid circuit 
external to the tube. This is accomplished by 
enclosing the coils in grounded shielding con-
tainers and by keeping the plate and grid leads 
well separated. With " single-ended" tubes, 
care in laying out the wiring to obtain the 
maximum possible physical separation between 
plate and grid leads is necessary to prevent 
capacity coupling. 
The shield around a coil will reduce the in-

ductance and Q of the coil (§ 2-11) to an extent 
which depends upon the shielding material 
and the distance it is placed from the coil. 
Adjustments therefore must be made with the 
shield in place. 
By-passing — In addition to shielding, good 

by-passing (§ 2-13) is imperative. This is not 
simply a matter of choosing the proper type 
and capacity of by-pass condenser. Short 
separate leads from C3 and C4 to cathode or 
ground are a prime necessity. At the higher 
radio frequencies even an inch of wire will 
have enough inductance to provide feed-back 
coupling, and hence cause oscillation, if the wire 
happens to be common to both the plate and 
grid circuits. 
Gain control — The gain of an r.f. amplifier 

usually is varied by varying the grid bias. This 
method works best with variable-i£ type tubes 
(§ 3-5), hence this type usually is found in r.f. 
amplifiers. In Fig. 714, R3 and R4 comprise the 
gain-control circuit. R3 is the control resistor 
(§ 3-6) and R4 a dropping resistor of such value 
as to make the voltage across the outside 
terminals of R3 about 50 volts (§ 8-10). The 
gain is maximum with the variable arm on R3 
all the way to the left (grounded), and minimum 
at the right. 113 could simply be placed in 
series with R1, omitting 114 entirely, but the 
range of control with this connection is limited 
because it depends on the cathode current alone. 

In a multi-tube receiver the gain of several 
stages may be varied simultaneously, a single 
control sufficing for all. The lower ends of the 
several cathode resistors (R1) are then con-
nected together and to the movable contact 
on R3 in Fig. 714. 

Circuit values — The value of the cathode 
resistor, RI, should be calculated for the 
minimum recommended bias for the tube used. 
The capacities of C2, C3 and C4 must be such 
that the reactance is low at radio frequencies; 
this condition is easily met by using 0.01-pfd. 
condensers at communication frequencies, or 
0.001 to 0.002 mica units at very-high fre-

to 
Fig. 714— Basic circuit of a tuned radio-frequency 
amplifier. Component values are discussed in the tezt. 



152 THE RADIO AMATEUR'S HANDBOOK 

quencies up to 112 M C. R2 is found by taking 
the difference between the recommended plate 
and screen voltages, then substituting this and 
the rated screen current in Ohm's Law (§ 2-6). 
R3 must be selected on the basis of the number 
of tubes to be controlled; a resistor must be 
chosen which is capable of carrying, tit, its low-
resistance end, the sum of all the tube currents 
plus the bleeder current. A resistor of suitable 
current-carrying capacity being found, the 
bleeder current necessary to produce a drop 
through it of about 50 volts can be calculated 
by Ohm's Law. The same formula will give 
R4, using the plate voltage less :30 volts for E 
and the bleeder current previously found for I. 
The constants of the tuned circuits will de-

pend upon the frequency range, or band, to be 
covered. A fairly high LIC ratio ( § 2-10) 
should be used on each band; this is limited, 
however, by the irreducible minimum capaci-
ties. To an allowance of 10 to 20 mead. for tube 
and stray capacities should be added the 
minimum capacity of the tuning condenser. 

If the input circuit of the amplifier is con-
nected to an antenna, the coupling coil, L2, 
should be adjusted to provide critical coupling 
(§ 2-11) between the antenna and grid circuit. 
This will give maximum energy transfer. The 
turns ratio of L1/L2 will depend upon the fre-
quency, the type of tube used, the Q of the 
tuned circuit and the constants of the antenna 
system, and in general is best determined ex-
perimentally. The selectivity will increase as 
the coupling is reduced below this " optimum" 
value, a consideration which it is well to keep 
in mind if selectivity is of more importance 
than maximum gain. 
The output-circuit coupling deliends upon 

the plate resistance (§ 3-2) of the tube, the 
input resistance of the succeeding stage, and 
the Q of the tuned circuit, L1C5. 1,3 usually is 
coupled as closely as possible to L4 (avoiding 
the necessity for an additional tuning ( on-
denser across L3) and the energy transfer is 
maximum when L3 has ?,(3 to 1.; as many turns 
as L4, with ordinary receiving pentodes. 
Tube and circuit noise — In any conductor 

electrons will be moving in random directions 
simultaneously awl, as a result, small irregular 
voltages are developed across the conductor 
terminals. The voltage is larger the greater the 
resistance of the conductor and the higher its 
temperature. This is known as the thermul-
agitation effect, and it produces a hiss-like 
noise voltage distributed uniformly throughout 
the radio-frequency spectrum. The thermal-
agitation noise voltage appearing across the 
terminals of a tuned circuit will be the same as 
in a resistor of a value equal to the parallel 
impedance (§ 2-10) of the tuned circuit, even 
though the actual circuit resistance is low. 
Hence, the higher the Q of the circuit, the 
greater the thermal agitation noise. 

Another component of hiss noise is devel-
oped in the tube because the rain of electrons 
on the plate is not entirely uniform. Small ir-

regularities caused by gas in the tube also 
contribute to the effect. Tube noise varies with 
the type of tube; in general, the higher the 
cathode current and the lower the mutual con-
ductance of the tube, the more internal noise 
it will generate. 
To obtain the best signal-to-noise ratio, the 

signal must be made as large as possible at the 
grid of the tube, which meansihat the antenna 
coupling must be adjusted to that end and 
also that the Q of the grid tuned circuit must 
be high. A tube with low inherent noise obvi-
ously should be chosen. In an amplifier having 
good signal-to-noise ratio, the thermal-agita-
tion noise will be greater than the tube noise. 
This can easily be checked by disconnecting 
the antenna so that no outside noise is being 
introduced into the receiver, then grounding 
the grid through a 0.01-mfd. condenser and ob-
serving whether there is a decrease in noise. If 
there is no change the tube noise is greatly 
predominant, indicating a poor signal-to-
noise ratio in the stage. The test is valid only 
if there is no regeneration in the amplifier. 
The signal-to-noise ratio will decrease as the 
frequency is raised, because it becomes in-
creasingly difficult to obtain a tuned circuit of 
high effective Q (§ 7-7). 
The first stage of the receiver is the impor-

tant one from the standpoint of signal-to-noise 
ratio. Noise generated in the second and sub-
sequent stages, while comparable in magnitude 
to that generated in the first, is masked by the 
amplified noise and signal from the first stage. 
After the second stage, further contributions 
by tubes and circuits to the total noise are in-
consequential in any normal receiver. 
Tube input resistance — At high radio fre-

quencies the tube may consume power from the 
tuned grid circuit, even though the grid is not 
driven positive by the signal. Above 7 Me. all 
tubes " load" the tuned circuit to sonie extent, 
the amount of loading varying with the type of 
tube. This effect comes about because of the 
transit time necessary for electrons to travel 
from the cathode to the grid becomes com-
parable to the time of one r.f. cycle, and be-
cause of the degenerative effect (§ :3-3) of the 
cathode lead inductance. It becomes mort pro-
nounced as the frequency is increased. Certain 
types of tubes may have an input resistance of 
only a few thousand ohms at 28 Mc. and as 
little as a few hundred ohms at very-high 
frequencies. The input resistance of the same 
tubes at 7 Me. and lower frequencies may be 
so high as to be considered infinite. 

This input-loading effect is in addition to 
the normal decrease in the Q of the tuned cir-
cuit alone, because of increased losses in the coil 
and condenser at the higher frequencies. Thus 
the selectivity and gain of the circuit both are 
affected adversely by increasing frequency. 
Comparison of tubes — At 7 Mc. and lower 

frequencies, the signal-to-noise ratio, gain, and 
selectivity of an r.f.-amplifier stage are suffi-
ciently high with any of the standard receiving 
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tubes. At 14 Mc. and higher, however, this is 
no longer true, and the choice of a tube must 
be based on several conflicting considerations. 
Gain is highest with high mutual-conduct-

ance pentodes, the 6A117 and ii1( Y7 being ex-
amples of this type. These tubes also develop 
less noise than any of the others. The input-
loading effect is greatest with them, however, 
so that selectivity is decreased and the tuned-
circuit gain is lowered. 

Pentodes, such as the 6K7, 6.17 and corre-
sponding types in glass, have lesser input-
loading effects at high frequencies, moderate 
gain, and relatively high inherent noise. 
"Acorn" and equivalent miniature pentodes 

are excellent from the input-loading standpoint; 
gain is about the same as with standard types, 
and the inherent noise is somewhat lower. 
Where selectivity is paramount the acorns 

are best, the standard pentodes second, and t he 
6A137-6AC7 types worst.. On signal-to-noise 
ratio the latter tubes are first, acorns are second 
and standard pentodes third. TI,( same order 
of precedence lit Ads for over-all gain. 

At 56 Mc. the standard types are usable, 
but acorns are capable of better performance 
because of lesser loading. The 95•I and 956 and 
the corresponding types, 9001 and 9003. are 
examples of types satisfactory for r.f. amplifi-
cation at 100 Me. and higher. 

11. 7-7 Tuning and Band-Changing 
Methods 

Band-changing— The resonant circuits 
which are tuned to the frequency of the 
incoming signal constitute a special probli•in 
in the design of amateur receivers, since the 
amateur frequency assignments consist of 
groups or bands of frequencies at widely 
spaced intervals. The same LC combination 
cannot be used for, say, 14 Me. to 3.5 Mc., 
because of the impracticable maximum-mini-
mum capacity ratio required, and also because 
the tuning would be excessively critical with 
such a large frequency range. It is necessary, 
therefore, to provide a means for changing the 
circuit el m..stants for various frequency ',antis. 
As a matter of convenience the same tuning 
condenser usually is retained, but new coils 
are inserted in the circuit for each band. 

There are two favorite methods of changing 
inductances. One is to use a switch having an 
appropriate number of contact s, w lije i con-
nects the desired coil and disconnects the 
others. The second is to use coils wound on 
forms with contacts ( 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 de-
sirable to adjust the tuning range so that prac-
tically the whole dial scale is occupied by the 
band in use. This is called bandsprcoding. 
Because of the varying widths of the bands, 
special tuning methods must be devised to give 
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the correct maximum-
minimum capacity ratio 
on each band. Several of (A) 
these methods are shown 
in Fig. 715. 

In A, a small band-
spread condenser, CI (15 
to 25 pgfd. maximum 
capacity), is used in par-
allel with a condenser, 
C2, which is usually large 
enough ( 140 to 175 ppftl.) 
to cover a 2-to-1 fre-
quency range. The set-
ting of C2 will determine 
the minimum capacity 
of the circuit, and the 
maximum capacity for 
bandspread tuning will 
be the maximum capac-
ity of C1 plus the setting 
of C2. The inductance of the coil can be ad-
justed so that the maximum-minimum ratio 
will give adequate bandspread. In practicable 
circuits it is almost impossible, because of the 
non-harmonic relation of the various bands, to 
get full bandspread on all bands with the same 
pair of condensers, especially when the coils 
are wound to give continuous frequency cov-
erage on C2, which is variously called the hand-
selling or main-Inning 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, C1, 
may have a maximum capacity of 100 pgfd. 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 gpfd. This method is capable of close 
adjustment to pract any desired degree of 
bandspread. Either and C3 must be adjusted 
for each band or separate pre-adjusted con-
densers must be suif clied in. 
The circuit at C also gives complete spread 

on each band. CI, the bandspread condenser, 
may have any convenient value of capacity; 
50 pgfd. 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 pre-set, 
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 to-
gether mechanically and operated by a single 
control. However, this operating convenience 
involves more complicated construction, both 

(c) 

Fig. 715— Essentials 
of the three basic band. 
spread turtling systems. 
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electrically and mechanically. It becomes nec-
essary to make the various circuits track — 
that is, tune to the same frequency at each 
setting of the tuning control. 
True tracking can be obtaine(lonly when the 

inductance, tuning condensers, and circuit 
minimum and maximum capacities are iden-
tical in all " ganged" stages. A small trimmer 
or padding condenser may be connected across 
the coil, so that, variations in minimum ca-
pacity can be compensated. The fundamental 
circuit is shown in Fig. 716, where CI is the 
trimmer and C2 the tuning condenser. The use 
of the trimmer neeessarily increases the mini-
mum circuit capacity, but it is a necessity for 
satisfactory trarking. Midget condensers hay-
ing maximum calnicities of 15 to 30 aafd. are 
commonly used. 
The same methods are applied to band-

spread circuits which must be tracked. The 
circuits are identieal with those of Fig. 715. 
If both general-coverage and bandspread tun-
ing are to be available, an additional trimmer 
condenser must be conne*•ted across the coil in 
each circuit shown. If only amateur-band tun-
ing is desired, lauwever, then C3 in Fig. 715-B, 
and C2 in Fig. 7I5-C serve as trimmers. 

71fi — Slims iti g the use 
of a trimmer ci ice-cr. to 
set tin  • • I in nil 

pacit s in order to obtain true 
tracking fur gang-tuning. 

The (4;1 indtict mice can be adjusted by 
starting with a larger number of turns than 
necessary and removing a turn or fractigui of 
a turn at a tinte until the circuits track satis-
factorily. An alternative method, pnivided the 
inductance is reasonably else to the correct 
value initially, is to make the coil so that t he 
last turn is variai de with respect to the whole 
coil, or to use a single short-eircuited turn the 
position of which can lie varied with respect to 
the coil. The apiulication of these methods is 
shown in Fig. 717. 

V.h.f. circuits — Interelectrode capacities 
are practically constant for a given tube regard-
less of the operating frequency, and the same 
is approximately true of stray circuit capaci-
ties. Hence, at very-high frequencies these ca-
pacities become an increasingly larger part of 
the usable tuning capacity, and reasonably high 
LIC ratios (§ 2-10) are more difficult to secure 
as the frequency is raised. Because of this irre-
ducible minimum capacity, standard types of 
tubes cannot be tuned to frequencies higher 
than about 200 Mc., even when the inductance 
in the circuit is simply that of a straight wire 
between the tube elements. 
Along with these capacity effects, the input 

loading (§ 7-6) increases rapidly at very-high 
frequencies, so that ordinary tuned circuits 
have very low effective Qs when connected to 
the grid circuit of a tube. The effect is still 
further aggravated by the fact that losses in 
the tuned circuit itself are higher, causing a 

(A) (B) 
Fig. 717 — l‘letlintis of adjusting the inductance for 
ganging. The half turn in A can lie  •ed so that its 
magnetic field either aid. or Imposes the field of the coil. 
The shorted loop in It is not connected to the roil. hut 
operates by induction. It %. ill have no efft,t thc coil 
inductance when the plane of the loop is pat and to the 
axis of the coil, and will give nutxit ttttttt reduction of the 
coil inductance when perpendicular to the coil axis. 

still further reduction in Q. For these reasons, 
the frequency limit at which an r.f. amplifier 
will give any gain is in the vicinity of 60 Mc. 
with standard tubes. At higher frequencies 
there will lie a loss, instead of amplification. 
This condition can be mitigated somewhat by 
taking steps to improve the effective Q of the 
circuit, either by tapping the grid down on the 
coil, as shown in Fig. 718-A, or by using a 
lower LIC ratio (§ 2-10). The Q of flue tuned 
circuit alone can be greatly improved by using 
a linear circuit (§ 2-12), which when properly 
constructed will give Qs muell higher than 
those attainable at lower frequencies with 
conventional coils and condensers. The con-
centric type of line, Fig. 718-11, is best both 
from the standpoint if Q and of adapta 
to nonsymmetrical circuits such as are used 
in receivers. Since the capacity and resistance 
loading effects of the tube are st ill present, the 
Q of such a circuit will be destniyed if the grid-
catin ide circuit of the tube is connected di-
rectly across it. Hence. tapping down on the 
line, as shown, is necessary. 

Very-high-frequency amplifiers employ tubes 
of the acorn or miniat tire type, which have the 
least loading effect as well as It in t eraq't rode 
capacities. The smaller loading effect means 
higher input resistance, and, for a given It 
Q of the tuned circuit, a higher voltage is de-
veloped between the grid and cathode. Thus 
the amplification of the stage is higher and 
the noise level lower. 
A concentric circuit may lue tuned by vary-

ing the length of the inner conductor (usually 
by using close-fitting tubes, one sliding inside 
the other) or by connecting an ordinary tuning 
condenser across the line. Tapping the con-
denser down, as shown in Fig. 718-B, gives 
a bandspread effect, which is advantageous. 
It also helps to keep the Q of the circuit higher 
than it would be with the condenser con-
nected directly across the open end of the line, 
since at very-high frequencies most condensers 
have losses which cannot be neglected. 

Ordinary bakelite-based receiving-type tubes 
will function quite satisfactorily as oscillators 
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and superregenerative detec-
tors at frequencies where r.f. 
amplification is impossible with 
standard tubes (as in the 112-
Mc. band), since tube losses 
are compensated for by energy 
taken from the power supply. 
Ordinary coil and condenser 
circuits are practicable with 
such tubes at 112 Me. At higher 
frequencies, however, the spe-
cial v.h.f. tubes are essential. 

\17 

CON /EWER 
R F FREQUENCY 

AMPLIFIER   

HF 

F 
AMPLIFIER 

155 

SECOND 
DETECTOR 

BEAT 
OSCILLATOR 

AUDIO 
AMPLIFIER 

Fig. 719 — Block diagram of the basic elements of the superheterodyne 

IZ 7-8 The Superheterodyne 

Principles — In the superheterodyne, or 
superbe!, receiver the frequency of the incom-
ing signal is changed to a new radio frequency, 
the inbrmediate frequency (i.f.), then ampli-
fied, and finally detected. The frequency is 
changed by means of the heterodyne process 
(§ 7-l), the output of an adjustable local oscil-
lator (the h.f. oscillator) being combined with 
the incoming signal in a mixer or converter stage 
(first detector) to produce a beat frequency 
equal to t he intermediate frequency. 

Fig. 719 gives the essentials of the super-
heterodyne in block forgo. C.w. signals aro 
made audible by heterodyning the signal at 
the second detector by the beat-frequency oscil-
lator (bf.o.) or beat oscillator, set to differ from 
the i.f, by a suitable audio frequency. 

As a numerical example, assume that an in-
termediate frequency of 455 ke. is chosen and 
that the incoming signal is on 7000 kc. Then 
the 11.f. oscillator frequency may be set to 7455 
ke., in order that the beat frequency (7455 
minus 7000) will be 455 ke. The uf, oscillator 
also could lie set to 6545 ke., t will give the 
same frequency difference. TO produce an 
audible c.w. signal of, say, 1000 cycles at the 
second detector, the beat oscillator would be 
set to either 454 ke. or 456 kc. 
Characteristics— The frequency-conver-

sion process permits r.f. amplification at a 
relatively low frequency. Thus high selectivity 
can be obtained, and this selectivity is con-
stant regardless of the signal frequeney. Higher 
gain also is possible at the lower frequency. 
The separate oscillators can be designed for 

(A) 

ancentric 
Line 

R.F 
Input 

&Short-circuited .7 

Fig. 718 — Circuits of improved Q for very-high fre-
quencies. A, reducing tube load i rig by tapping dins n on 
the resonant circuit: B, of a concentricline circuit, 
with the tube s' 'lady tam deem n. The line should he 
a quarter-wave long, electrically; because of the addi-
t' I shunt capacity represented by the tube, the 
piensical length will be somewhat less than given by the 
formula (1 10-5). In general, this reduction in length will 
be greater the higher the grid tap on the inner conductor. 
The comeling turn should be parallel to the axis of the 
line and must be insulated from the outer conductor. 

stability, and, since the h.f. oscillator is work-
ing at a frequency considerably removed from 
the signal frequency, its stability is practically 
unaffected by the invoming signal. 
Images — Eaeli li.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 7.155 kc. to 
respond to a 7000-ke. signal, for example, it 
will respond also to a signal on 71110 kc., which 
likewise gives a 455-ke. beat. The undesired 
signal of the two is called the image. 
The radio-frequeney circuits of the receiver 

(those used before the frequency is converted 
to the i.f.) normally are tuned to the desired 
signal, so that t he selectivity of the circuits re-
duces the response t o the image signal. If the 
desired signal and image ha ve equal strengths 
at the input terminals of fite receiver, the ratio 
of the receiver voltage ( nit put ir , on the desired 
signal to that from the image is called the 
signal-to-image ratio, or image 
The image ratio depends 111)1)11 the selectivity 

of the r.f. tuned circuits preceding the mixer 
tube. Also, the higher the intermediate fre-
quency, the higher the image rat in, si nee raising 
the i.f. increases the frequency separation be-
tween the signal and the image and places the 
lat ter farther away from the peak of the reso-
nance curve (§ 2-10) of the signal-frequency 
input circuits. 
Other spurious responses— in addition to 

images, other signals to which the receiver is 
not ostensibly tuned may be heard. I larmonics 
of the high-frequency oscillator may beat with 
signals far removed from the desired frequency 
to produce output at the intermediate fre-
quency; such spurious responses can be re-
duced by adequate selectivity before the mixer 
stage, and by using sufficient shielding to pre-
vent signal pick-up by any means other than 
the antenna. When a strong signal is received, 
the harmonics (§ 2-7) 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 " birdies" 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 frequency. The cure is 
proper circuit isolation and shielding. 
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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 difficult to se-
cure an adequate image ratio when the inter-
mediate 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 ke.) intermediate frequency, 
and then — sometimes after further amplifica-
tion — reconverted te a lower i.f. where higher 
adjacent-channel selectivity can be obtained. 
Such a receiver is called a double superheterodyne. 

411, 7-9 Frequency Converters 

Characteristics— The first detector or 
mixer resembles an ordinary detector. A cir-
cuit tuned to the intermediate frequency is 
placed in the plate circuit of the mixer, so that 
the highest possible i.f. voltage will be devel-
oped. 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 condi-
tion easily met if they do not approach the 
intermediate frequency. 

(C) 
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Fig. 720 — Mixer or converter circuits. A, grid injec-
tion with a pentode plate detector; B and C. separate 
injection circuits for converter tubes. Circuit values are: 
Component Circuit A Circuit II Circuit C 

CI, C2, C3 — 0.01-0.1 µM. 0.01-0.1 µM. 0.01- 0.1 µM. 
CS — Approx. 1 µdd. 50-100 µµM. 50-100 µpfd. 
R1 — 10,000 ohms. 300 ohms. 500 ohms. 
112— 0.1 megolmr. 50,000 ,.time. 15,000 ohms. 
Rs— 50,000 ohms. 50,000 ohms. 50,000 ohms. 
Plate voltage should be 250 in all circuits. If a 6AB7 
or 6AC7 tube is used in Circuit A, RI should be 500 ohms. 

The conversion efficiency of the mixer is 
the ratio of i.f. output voltage from the plate 
circuit to r.f. signal voltage applied to the grid. 
High conversion efficiency is desirable. The 
mixer tube noise also should be low if a good 
signal-to-noise ratio is wanted, particularly 
if the mixer is the first tube in the receiver. 
The mixer should not require too much r.f. 

power from the h.f, oscillator, since it may be 
difficult to supply the power and yet maintain 
good oscillator stability (§ 3-7). Also, the con-
versi(m etlicieni•y should not depend too criti-
cally on the ocillat or voltage (that is, a small 
change in oscillat or output should not change 
the gain ). since it is difficult to maintain con-
stant 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 tlie whole receiver depends critically upon 
the stability of Ow h.f. oscillator. Pulling de-
creases with separation of t lie signal and Inf. 
oscillator frequeneies, being less with high i.f.s. 
Circuits— Typical frequency-conversion cir-

cuits are given in Fig. 720. The variations are 
chiefly in the way in which the oscillator volt-
age is introduced. In Fig. 720-A, the screen-
grid pentode functions as a plate detector: the 
oscillator is capacity-coupled to the grid of the 
tube, in parallel with the tuned input circuit. 
Inductive coupling may be used instead. The 
conversion gain and input selectivity generally 
are good, so long as the sum of the two volt-
ages (signal and oscillator) 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. 
A pentagrid-converter tube is used in the 

circuit at B. Although intended for combina-
tion oscillator-mixer use, this type of tube 
usually will give more satisfactory performance 
when used in conjunction with a separate os-
cillator, the output of which is coupled in as 
shown. The circuit gives good conversion effi-
ciency, and, because of the electron coupling, 
affords desirable isolation between the mixer 
and oscillator circuits. A small amount of 
power is required from the oscillator. 

Circuit C is for the 6L7 mixer tube. The 
oscillator voltage can vary over a considerable 
range without affecting the conversion gain. 
There are no critical adjustments, and the 
oscillator-mixer isolation is good. The oscillator 
must supply somewhat more power than in B. 
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 from the cost standpoint. 
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Tubes for frequency conversion — Any 

sharp cut-off pentode may be used in the cir-
cuit of Fig. 720-A. The 6AB7 and 6AC7 give 
high conversion gain and excellent signal-
to-noise ratio — comparable, in fact, to the 
gain and signal-to-noise ratio obtainable with 
r.f. amplifiers — and in these respects are far 
superior to any other tubes used as mixers, 
particularly between 14 and 100 Mc. how-
ever, this type of tube loads the circuit more 
(§ 7-6) and thus decreases the selectivity. 
The 61KS is a good tube for the circuit at B; 

its oscillator plate connection may be ignored. 
The 6SA7 also is excellent in this circuit, al-

• though it has no anode grid ( No. 2 grid, in the 
diagram). In addition to these two types, any 

• pentagrid converter tube may be used. 
l'.h.f. anti U.h.f. converters. — At fre-

quencies above t he 30-Mc, region t he perform-
ance of 1 he special mixer and converter t ubes 
employed on the lower frequencies falls off be-
cause of greatly reduced input resistance which, 
by loading the tuned circuit connected to the 
tube and thus reducing its Q, lowers the signal-
to-noise ratio. However, the high-transcon-
ductance pentodes such as the 6AC7 and 6AB7 
will perform fairly effectively in the circuit of 
Fig. 720-A up to 100 Mc. or so. 
Above about 100 Mc. the loading effect., in 

addition to the relatively large input capacity 
which limits the amount of inductance that can 
be used in the tuned circuit, makes these tubes 
markedly inferior t o the special high-frequency 
pentodes such as the 9000 and acorn series. The 
latter perform successfully up to 400 Mc. 

At still higher frequencies — or, for that 
matter, anywhere above 200 Mc. — other 
types of converters are preferred. At these 
frequencies triode mixers, when operated as 
plate-rectifier detectors in suitable circuits, 
give the least noise and maximum conversion 
transconductance. 

Fig. 721-A shows the elementary circuit for 
a single triode with cathode oscillator-voltage 
injection. In such an arrangement the cathode 
connection usually terminates (with as short a 
lead as possible) in a small link near the oscilla-
tor tank, one end of which is grounded. Alter-
natively, direct capacity-coupled grid injec-
tion may be used in an arrangement similar 
to that of Fig. 720-A, C4 being a very small 
coupling condenser of perhaps 1 or 2 pgfd. — 
often merely the free end of the muffling lead 
placed within the field of the oscillator coil or 
near the oscillat or tube plate or grid. 
The balanced triode circuit of Fig. 721-B 

affords the added advantages of symmetry to 
ground and complete cancellation of bot It the 
received-signal and oscillator voltages in the 
plate circuit. This serves further to improve 
the signal/noise ratio as well as to stabilize 
operation. For optimum performance the os-
cillator-voltage input should be carefully ad-
justed, by means of the coupling between the 
two coils, to give maximum converter gain. The 
balanced converter circuit is most frequently 

used with miniature dual triodes such as the 
6J6, with which it performs effectively up to 
600 Mc. or higher. The oscillator may be oper-
ated either on its fundamental or a harmonic. 
At frequencies above 200 Mc. coaxial or 
"trough"-line circuits are chiefly used. 
At still higher frequencies converters em-

ploying conventional tubes are inferior to 
other, basically different types, including 
highly specialized versions of velocity-modu-
lation tubes of various types. These tech-
niques, however, are beyond the scope of the 
present treatment; information concerning 
practical tubes and circuits is largely held con-
fidential by the military services. 
For amateur work on these higher frequen-

cies t he use of special small u.h.f. diodes with 
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Fig. 721 — V.11.1. frequency el ,It vert er circuits. A, triode 
mixer with separanlla tor tube; It, balanced square. 
law mixer using a gliai triode tube with push-pull in-
put circuit. L and C are tuned to the signal frequency. 
Ci — 100-mpfd. silvered mica. 
C2 — 

lIt — 10,000-50,000 ohms. 

extremely close clignent spacing as converters 
is a logical solution. Crystal detectors have 
also been used extensively because of their 
ready availability a,nd independence of fre-
quency limitations. Crystal detectors are not 
susceptible to the transit time limitations of 
electronic tubes. Silicon is the most popular 
material for such applicat ions; the crystals are 
ground to minute li mensions and permanently 
mounted in fixed miniature holders with tung-
sten contacts. Fig. 722-A shows a typical 
crystal mixer circuit with inductive coupling 
to a triode oscillator (955 or 9002). 

Because stability of a crystal detector can be 
achieved only at the expense of sensitivity, 
diode detectors are preferred up to the limit of 
frequency at which they can be made to func-
tion. Diodes have the further advantage that 
they will function as mixers by using a har-
monic of the oscillator voltage, making pos-
sible the use of conventional triode oscilla-
tors for receivers operating up to the 2000-Mc. 
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Fig. 722 — U.h.f. freq.-Hey roincrtr r cireu i I s. A, erys-
tal-deteetor niker u tilt an indurtis.•ly coupled triode 
oscillator; II, ill...le mixer with eatliode-link coupling to 

the oscillator yin oil. L and C are tuned to the signal 
frequency; L. and C,, to the oscillator frequency. 

Ct — 3 -30-aafd. tniea tri ttttt ter. 
C2 — 2-pfd. ered  a. 

Ca — 10-gad. silvered mica. 
C4 — 0.005-pad. 
IIi — 50,000 ohms (metallized carbon). 
R2— 5000-20,000 ohms. 

region or higher. While operation of the oscil-
lator on a fundamental is the tnore efficient 
method, the loss in conversion efficiency does 
not exceed 2 to I even with third harmonic 
operation provileil the oscillator input, is suffi-
cient to establish a diode current "of 0.2 to 0.5 
In;!. Diode mixers are considerably more tol-
erant as colleen is 05(111:1 tot' voltage and other 
circuit conditions than the crystal type. 

In the circuit ut Fii. 722-Il the cathode 
tuned circuit, is tuned to the oscillator 
fundamental, C„ is living made large enough so 
that it is effectively a cathode by-pass con-
denser for the signal frequency. 

4:1 7-10 The High-Frequency Oscillator 

Design consideras • s 
receiver (§ 7-2) is dependent ,• hiefly upon the 
stability of the h. f. oscillator, and particular 
care should be given this part of the receiver. 
The frequency of oseillation should be insensi-
tive to changes in voltage, loading, and me-
chanical shock. Thermal effects (slow change 
in frequency because of tube or circuit heating) 
should be minimized. These ends can be at-
tained by the use of good insulating materials 
and circuit components, suitable electrical de-
sign, and careful mechanical ronstruetion. 

In additiem, 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 spurious response (§ 7-8)• 

It is desirable to make the L/C ratio in the 
oscillator tuned circuit low (high-C), since this 
results in increased stability (§ 3-7). Particular 
care should be taken to insure that no part 
of the oscillator circuit can vibrate mechan-
ically. This calls for short leads and " solid" 
mechanical construction. The chassis and 
panel material 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 merhanical construction is well repaid 
by increased frequency stability. 
Circuits— Several oscillator circuits are 

shown in Fig. 723. The point at which output 
voltage is taken for the mixer is indicated in 
each case by X or Y. Circuits A and li will give 
about the same results, and require only one 
coil. However, in these two circuits the cath-
ode is above ground potential for r.f., which 
often is a cause of hunt modulation of the 
oscillator output at 14 Me. and higher fre-
quencies when 6.3-volt heater tubes are used. 
Hum usually is not bothersome with 2.5-volt 
tubes, nor, of course, with tubes which are 
heated by direct current. The circuit of Fig. 
723-C overcomes hum, since the cathode is 
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Fig. 723 — Iligh.frequen..% ,scut attic circuits. A, screen-
grid grounded-plate i,scillator; 11, triode grounded-
plate ..- cillator; t riude or is jilt t ti, I,t circuit. 

Couplin g to thetaii•ernia> betaken froin \ and 

A and II, coupling Ir  1. will n41,1., pulling effects, but 
gives less voltage than front N: tI,, npe is hest adapted 
to mixer circuits with small oseilla tor-voltage require-

ments. Typical values for components are as follows: 
Circuit A Circuit It Circuit C 

100 para. Ct — 100 met. 100 add. 
Ca 0.1 dd. 0.1 µfil. 0.1 dd. 
Ca — 0.1 µrd. 
RI — 50,000 ohms. 50,000 olung. 50.000 olinia. 
R2— 50,000 olinia. 10,000 1,,10,000 to 

25,000 obeli& 25,000 ohms. 

The plate-supply voltage should lie 250 volts. In cir-
cuits It and C, 112 is used to drop the supply voltage to 
100-150 volts; it may lie omitted if voltage is obtained 
front a voltage divider in the power supply (§ 8-101. 
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grounded. The two-coil arrangement is advan-
tageous in construction, since the feed-back 
adjustment (altering the number of turns on 
L2 or the coupling between L1 and L2) is simple 
mechanically. 

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 (§ 7-4); 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 L2 or by moving L2 closer to Lt. 
The oscillator plate voltage should be as low 

as is consistent with adequate output. Low 
plate voltage will cause reduced tube heating 
and thereby reduce frequency drift. The 
oscillator and mixer circuits should be well 
is, dated, prefera bly by shielding, silice eoulding 
other than by the means intended may result 
in pulling. 
To avoid plate-voltage changes which may 

cause the oscillator frequency to change, it is 
good practice to use a volt age- regulated plate 
supply employing a gaseous VR tube (§ 8-8). 
Trarking— For ganged tuning, there must 

be a constant difference in frequency between 
the oscillator and mixer circuits. Tlii difference 
must be exaetly equal to the intermediate 
frequency (§ 7-8). 
Tracking methods for covering a wide fre-

quency range, suitalile for general- coverage 
receivers, are shown in Fig. 724. The track-
ing capacity, Cs, commonly consists of t ivo 
condensers in parallel, ti fixed ioie of sionewhat 
less capacity than the value needed and a 
smaller variablis in parallel to llow for adjust-
ment to the exact. proper va Itie. In practice, the 
trimmer, C.1, is first set for t he high-frequency 
end of the tuning range, and then the tracking 
condenser is set for the low-frequency end. 
The tracking capacity becomes larger as the 
percentage difference between the oscillator 
and signal frequencies becomes smaller ( that 
is, a§ the signal frequency becomes higher). 
Typical circuit values are given in the tables 
under Fig. 724. 

In afnateur-band receivers, tracking is sim-
plified by choosing a bandspread circuit which 
gives practically straight-line-frequency tuning 
(equal frequency change for each dial division), 
and then adjusting the oscillator and mixer 
tuned circuits so that both cover the same 
total number of kilocycles. For example, if the 
i.f. is 455 ke. and the mixer circuit tunes from 
7000 to 7300 ke. between two given points on 
the dial, then the oscillator must. tune from 
7455 to 7755 ke. between the saine two dial 
readings. With the bandspread arrangement 
of Fig. 715-C, 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 715-A if C1 is small compared to C2. 

(I, 7-11 The Intermediate-Frequency 
Amplifier 

Choies of frequency — The selection of an 
intermediate frequency is a compromise be-
tween varions conflicting factors. The lower 
the i.f. the higher the selectivity and gain, but 
a low i.f. brings the image nearer the desired 
signal and hence decreases the image ratio 
(§ 7-8). A low i.f. also inereases pulling of the 
oscillator frequency § 7-9). On the other band, 
a high i.f, is benelicial to both image ratio and 
pulling, but the selectivit y and gain are low-
ered. The difference in gain is least important. 
An i.f. of the order of 155 ke. gives good se-

lectivity and is satisfactory from the stand-
point of image ratio and oscillator pulling at 
frequencies up to 7 Mc. The image ratio is 
Poo" at 11 Mc. when t he mixer is connected to 
the antenna, but adequate when there is a 

(B) 
Fig. 724 — Converter-rirenit n rark in g met hods. Fol-
lowing are approximate eireuit % alois for 450- to 4h5-kc. 
i.f.s, with  • ranges Id approximatt4 2.15-to-I and 
C2 having 140 mufti. maxin tttttt and the total  muni 
capacitance, including C3 or C4, being 30 to 35 ppfd. 

Tuning Range 1.4 1.2 C5 

1.7-4 Me. 50 ph. 40 ph. 0.0013 pM. 
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 

Approxintate v; lues for 450- to 465-kc. i.f.g midi a 
2.5 to I t  range, Ci and C2 heing 350-ppfd. maxi-
mum, minimum including C3 and C4 being 40 to 50 mufti-

'1  • g Range 1-1 1.3 Cs 

0.5-1.5 Mc. 240 ph. 130 ph. 425 ppfd. 
1.5-4 Mc. 32 ph. 25 ph. 0.00115 pfd. 
4-10 Mc. 4.5 ph. 4 ph. 0.0028 pfd. 
10-25 Mc. 0.8 µh. 0.75 ph. None used 
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tuned r.f. amplifier between antenna and 
mixer. At 28 Mc. and on the very-high frequen-
cies, the image ratio is very poor unless several 
r.f. stages are used. Above 14 Mc., pulling is 
likely to be bad unless very loose coupling can 
be used between mixer and oscillator. 
With an i.f. of about 1600 ke., satisfactory 

image ratios can be secured on 14, 28 and 56 
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 very-high frequencies, including 28 Me., 
the best solution is to use a double superhet-
erodyne (§ 7-8), 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, sideburn! rutting— As described 
in § 5-2, modulation of a carrier causes the 
generation 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 which 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. 'rhe signal-
frequency circuits usually do not have enough 
over-all selectivity to affect materially the " ad-
jacent channel" selectivity (§ 7-2), 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 band-widths can be used 
for communication work where intelligibility 
rather than fidelity is the primary objective. 
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Fig. 725— T> viral in term edia te.frequency amplifier 
circuit for a superheterodyne receiver. Representative 
values for eons; mts arc as follows: 
Ci — 0.1 aftl. at 455 kc.; 0.01 Al. at 1600 kc. and higher. 
CS — 0.01 Al. 
C3, C4, Cs — 0.1 dd. at 455 kc.; 0.01 afd. above 1600 kc. 
/It — 300 ohms. 1{3 — 2000 ohms. 
112 — 0.1 megohm. 114 — 0.25 megohm. 

If the selectivity is too great to permit uniform 
amplification over the band of frequencies 
occupied by the modulated signal, the higher 
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 statelpoint 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. Two stages at 455 kc. 
give all the gain usable, in view of the mini-
mum receiver noise level, and also give suitable 
selectivity for good-qtlality 'phone reception. 
A typical circuit arrangement is shown in 

Fig. 725. A second stage \you'd simply dupli-
cate the circuit of the first. In principle, the 
i.f. amplifier is the same as the tutted r.f. am-
plifier (§ 7-6). However, sinee a fixed frequency 
is used, the primary as well as the secondary 
of the coupling transformer is tuned, giving 
higher selectivity than is obtainable with a 
closely coupled ontunell primary. The cathode 
resistor, RI, is connected to a gain control 
circuit of the type previously described (§ 7-6); 
usually both stages, if two are used, are con-
trolled by a single variable resistor. The de-
coupling resistor, R3 (§ 2-11), helps isolate the 
amplifier, and thus prevents stray feed-back. 
C2 and R4 are part of the automatic volume-
control circuit (§ 7-13); if no it.v.e. is used, the 
lower end of the i.f. transformer secondary is 
simply connected to ground. 

In a two-stage amplifier the screen grids of 
both stages may be fed from a common supply, 
either through a resistor (R2) as shown, the 
screens being connected in parallel, or from a 
voltage divider (§ 8-10) across the plate sup-
ply. Separate screen voltage-dropping resistors 
are preferable for preventing undesired cou-
pling between stages. 
When two stages are used the high gain will 

tend to cause instability and oscillation, so that 
good shielding, by-passing, and carefur circuit 
arrangement to prevent stray coupling, with 
exposed r.f. leads well separated, is necessary. 

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 uni-
versal-wound coils are used, the latter having 
somewhat higher Qs and, hence, greater selec-
tivity and gain per unit. In universal windings 
the coil is wound in layers with each turn trav-
ersing 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 multi-layer winding, the turns on ad-
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jacent 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 current can flow between 
layers. Universal winding, with its " criss-
crossed" turns, ternis t o avoid building up such 
piten t al differences, all hence reduces dis-
tributed-capacity effects (§ 2-8). 

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 alien condensers. Such sta-
bility is of great importance, since a circuit 
whose frequency " drifts" with time eventually 
will be t lined to a different frequency than the 
other circuit s, there la' reducing the gain and 
selectivity of the amplifier. Typival i.f. trans-
former constructiim is shown in Fig. 726. 

13,iiies tile type of i.f. transformer shown in 
Fig. 726. special units to give desired selectivity 
charitcterist his are available. l'or higher than 
ordiliary : Itljacent-chan :lei selectivity (§ 7-2) 
tripb-tyned transformers, with a third tuned 
circuit inserted between the input and output 
windings, are used. The energy is transferred 
from the input to the output windings via this 
tertiary wing ling, thus adding its selectivity to 
the over-all selectivity of the transformer. 
Varialdr-s,luctirity transformers also can be 
obtained. These usually are provided with a 
third (maimed) winding which can be con-
nected to a resistor, third 'V It nuling the tuned 
circuits anti decreasing the Q and selectivity 
(§ 2-10) 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 be-
tween prilllary and seconclary, overcoupling 
being used to broaden the selectivity curve and 
undercoupling to sharpen it (§ 2-11). 

Selectivity — The over-all selectivity of the 
i.f. a mpliiier will depend on the frequency and 
the number of stages. The following figures are 
indicative id the band-widths (§ 7-2) to be 
expected with good-quality transformers in 
amplifiers so constructed as to keep regeneration 
to a minimum: 

Band-width in kilocycles 
lines 10 limes 100 times 

Intermediate frequency down down down 

0nemtage, 455 kc. (air core)... 8.7 
One stage, 455 kc. (iron core) .. 4.3 
Two stages, 455 kc. (iron core). 2.9 
Two stages, 1600 kc.. ........ 11.0 
Two stages, 5000 kc.......... 25.8 

17.8 32.3 
10.3 20.4 
6.4 10.8 
16.6 27.4 
46.0 100.0 

Tubes for i.f. amplifiers— Variable-it pen-
todes (§ 3-5) are almost invariably used in i.f. 
amplifier stages, since grid-bias gain control 
(§ 7-6) is practically always applied to the i.f. 
amplifier. Tubes with high plate resistance will 

Variable air 
condensers 

\ Shield fixed a,,,A.rees 

eniversahoound 
coils 

Abe a b powdered:I 
iron phif 

AIR TUNED PERMEABILITY TUNED 
Fig. 726 — Representanve i.f. transformer construc-
tion. Coils are supported on insulating tubing or (in the 
air-tuned type) on wax-impregnated wooden dowels. 
The shield in the air-t 41 transformer prevents ca-
pacity coupling between the tuning condensers. In the 
permealtilit -tuned transformer the cores consist of 
finely divided iron partieles supported in an insulat-
ing I ler, formed into cvlindrical "plugs." The 
tuning capacity is fixed, and the inductances of the 
coils are varied by moving the iron plugs in and out. 

have least effect on the selectivity of the ampli-
fier, and those with high mutual conductance 
will give greatest gain. The choice of i.f. t uhes 
has practically no effect on the signal-to-noise 
rat io, since this is determined by the preceding 
mixer and r.f. amplifier ( if the latter is used). 
When single-ended tubes (§ 3-5) 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 con-
denser directly on the bottom of the socket, 
cross-wise between the plate and grid pins, to 
provide additional shielding. The outside foil 
of the condenser should be connected to ground. 

Single-signal effect — In heterodyne c.w. 
reception with a superheterodyne receiver, the 
beat oscillator is set to give a suitable audio-
frequency beat note when the incoming signal 
is converted to the intermediate frequency. 
For example, the beat oscillator may be set to 
456 kc. (the i.f. being 455 kc.) to give a 1000-
cycle beat note. Now, if an interfering signal 
appears at 457 ka., it will also be heterodyned 
by the beat oscillator to produce a 1000-cycle 
beat. This audio-frequeney image corresponds 
to the high-frequency images already discussed 
(§ 7-8). It can be reduced by providing enough 
i.f. selectivity, sine° the image signal is off the 
peak of the i.f, resonance curve. 
When this is done, tuning through a given 

signal will show a strong response at the de-
sired beat note on one side of zero beat only, 
instead of the two beat notes on either side of 
zero beat characteristic of less-selective recep-
tion; hence the name, " single-signal" reception. 
The necessary selectivity is difficult to ob-

tain with non-regenerative amplifiers using 
ordinary tuned circuits unless a very low inter-
mediate frequency or a large number of circuits 
is used. In practice it is secured either by re-
generative amplification or by a crystal filter. 
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Regeneration — Regeneration can Is' used 
to give a pronounced single-signal effect, par-
ticularly when the i.f. is . 155 ke. or lower. The 
resonance curve of an i.f. sHge it critiral re-
generation ( just below the oscillating point) 
is extremely sharp, a band-width of 1 ke. at 10 
times do‘vn and 5 he. at Din times ilinvn being 
obtainable in One stage. Tii(. :Indio-frequency 
image of a given signal thus can be reduced by 
a factor :,1 nc:trly 100 for a 1000-cycle heat 
rude (imago 2.0:11) cyeles frtun resonance J. 
Regenera tion ¡ spasily introduced into an i.f. 

amp l¡l¡ er by iwoviding a small a numnt of 
capacity coupling bet ween grid and plate. 
Bringing a short length of wire, ronnemed to 
the grid, into the vicinity cif the piale haul 
usually will suffice. The feed-back may i,e con-
trolled by the regular ( athode-resis.tor gain 
control. When the i.f. is regenerative, it is 
preferable to itperate the 1111s• at reduced gain 
(high bi as ) and depen d , m regeneration to bring 
up the Sig n:11 Strength. This prevents overload-
ing and increases selectivity. 
The higher selectivity ‘vith regeneration re-

duces t he over-all response to noise .generated 
in the earlinr stages of t lie 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 signa! strength, being less . tri strong 
signals, and the selectivity varies ace, › ri Ir ugly. 

Crystal filters — The most satisfactory 
method of obtaining login selectivity is by tire 
use of a piezoelectric quartz crystal as a selec-
tive filter in the if. amplifier (§ 2-10). Com-
pared fo ti Woul t lined circuit, the Q of such a 
crystal is extremely high. The di.mensions if 

the crystal are made such t hat il is resonstiii• it 

the desired intermediate frequency. It is then 
used as a selective coupler bet ween i.f. stages. 

1000 

1 

SUB•AuDIBLE 
OR 1.zoka er_tvr.1 
! AREA 

1 

- • AuDi0.1.1. 
- • mAGE 

_ 

KILOCYCLES 

20 

F.; 

ro 

40 

Fig. 727 — Graphival represo•nta 1 ion of single-signal 
selectivity. 'Ile shaded area i rid ivates the iiverail 
banal-whit h, or reg*  ira which rrsi.011se 18 ohlainaide. 

Fig. 727 gives a typical crystal-filter reso-
trainee curve. For single-signal reception, the 
audio-frequency image can be rd t bleed by a 
factor of loot) or more. lin.sides practically 
eliminating the a.f. image the high selectivity 
of the crystal filter provides great discrimina-
tion against signals very close to the desire(' 
sigan  in frequency, and, by reducing the band-
width, reduces the resptinse of the receiver to 
nois, both from sources external ti) the receiver 
and irt the r. f. stages of the receiVer it sel f. 

Cryst(r/ filter eirettits: 1.,hetsing — Soveral 
eryst al filter circuits are shoivn in Fig. 728. 
Those at .\ and It are practically identical in 
performance, although differing in details. The 
crystal is connected in a bridge eircult § 2- II), 
with the secondary side of T1, the input t rains-
former, balanced to gruund pit her thrt nigh a 
pair of condensers, ('-(?, ( A) or by a center- tap 
011 111V SVC011(111ry, /.2 ( It ). The bridge is emu-
plet ed by the crystal, .V, and the ///ms/f/y V•06-
i/en.,:er, Ce, Whiell 1111S a maximum capavity 
somewhat, higher I han he capacity ¡ If the crys-
tal ir) its holder. When is set to balance t he 
cryslal-herlder raparity, thy resonance curve 
of the crystal circuit is prart symmetric:II; 
the crystal acts : is a series- resonant circuit if 
very high Q and flirts allows signals of the de-
sired frequency to be fed through (-1'3 to /¡/,.¡, 
the 0111 p111 1r:111S/8,11nel% W1111,011 C2, 111V In ililer 
Cap:Wily ( With titi crystal acting as a dielectric) 
\void,' pass signals of undesired frequencies. 
The phasitTg control has an additiTellal func-

tion besides nentraljzatIon ri thp 
rapacity. The holtler ca pacit y bee, Ones a part 
of t he 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-
queney thus are prevented from reaching the 
output eircuit. The phasing rontrol, by ya rying 
the effert of tin' holder vapacity, permits shift-
ing the parallel- resonant frequency over a con-
siderable range, prtrviding adjustable rejection 
of interiering signals. The (4(44, rn rejertion 

illust rated in rig. 727, ‘vliere I he :Indio image 
is reduct•d, by proper setting of the phasing 
control, far bel( ,w the value that would be ex-
pected ir eurvp ‘,.(•,(‘ 

Uttrittble seleetiri ty— In virrilits such : is .\ 
and it, I;ig. 728, variable selectivity is obtained 
by adjustment of the variable input imped-
allre, NVIliell is effectively in series with the 
crystal resormtor. This is accomplished by 
varying ('n ( the rmitron, which tum:s 
the balarreed secondar,y eireuit When 
the secondary is tuned t-o i.f. resonance the 
parallel itnpet lance of the L•4'1 combination is 
maximum and is purely resistive T 2-1 W. 

t ho secondary circuit is center- tapped, 
approximately one-fourth of this resistive ini-
pedatire is in series with the crystal I ' Trough 
C3 :11111 /.4. This lowers the Q rn the cristal 
cit•cuit and makes its selectivity mininitiat. At 
the same time, the voltage applied to the 
crystal circuit, is maximum. 
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When the input circuit is ( lotit tied from the 

crystal resonant frequency the resistance com-
ponent of the input, iinpeelanee derreases, and 
so does the total parallel impedanee. Accord-
ingly, the selectivity of the crystal circuit he-
roines higher and the applied voltage falls ed. 
At first the resistanee deereases faster t han the 
applied ye ellage, with the result that the t. w. 
'lit lilt) from the filter as the selectiv-
ity is inereased. The output falls ieff 
;is the inpitt circuit is eletkined fort her from 
onance, however, and the selectivity becomes 
still higher. 
1 it the circuits of .\ au el p, in pig. 72s, the 

minimum selectivity is still much greater than 
that of a norinal twiestage •I5- k>. a itt pli lit 'r 
and if, is desirable to provide :t wider range of 
selectivity, partieularly for ' phone rereption. 
A circuit which does this is shown at 
728-C. The principle of operation is similar, 
but a much higher valut; iif resistance ran be 
introduced in the crystal circuit to redure the 
seleetiv-ity. The output tuned circuit, t.,2c2, 
must have high Q. A ceempensated condenser is 
used : It C2 ( phasing) to maintain circuit bal-

s,1 th:lt the phasing control does not af-
fect the resonant frequency. The output, circuit, 
functions as a voltage divider in such ti w:ky 
that the amplitude of the 'airier delivered to 
the io•Nt grid does not vary appreciably with 
the selectivity setting. The variable resistor, 

111:ly 1.011SiSt id a series of separate fixed 
resistors selected ley a tap switch. 

43, 7-12 The Second Detector and 
Beat Oscillator 

Ihlecior circitil — flic seemed elit prior of 
a superheterodyne reeeiver performs the same 
funetion as the detertor in t he simple receiver, 
but usually operates at a higher input, level 
because of the relatively great r.f. amplifica-
tion. Therefore, the ability to handle large; 
signals without distortion is preferable to high 
sensitivity. l'Iate detection is outil t, some 
extent, but the iii> oie th•tt•etter is [ mist impular. 
It is espechkIly adapted tee furnishing automatic 
gain or volume control 7-13). The basic 
circuits are :ts described iii§ 7-3, although 
many cases the diode elements ari• inri,rp,ratpd 
in a multi-purpuise tube whic Ii rind ai its titi 

amplifier section in addition tee the diode unit. 
The beets oscillator — Any stanelard oscilla-

tor circuit, (§ 3-7) may he used for the heat 
oscillator. Speci:t1 beat-oscillator transfeermers 
are available, usually consisting of a tapka4I 
coil with adjustable tuning: these are most 
conveniently used with cireuits such as those 
shown at Fig. 723-A and - It, with the output 
taken from Y. A variable vondenser of ;Winn 
25-Attfil. capacity may be el ennurtod lictwevit 

eatheale and ground to provide line adjust inent. 
The beat, oscillator usually is coupled to the 
seconel-eleteetor timed circuit through a fixed 
condenser of a few pm fel. capacity. 
The beat, oscillator should be well slkik;Ided, 

to prevent coupling to any part of the eircuit 

except the second deteetor and to prevent its 
harmonics frion get ting into the front end of 
the revel ver and be•ing ankplilied like regular 
signals. To t his end, the platk; voltage should 
be as hew as is consistent with sufficient audio-
frequete output. I t he beat iiscillator output 
is too it kw, strong signals will not give a propor-
tionately strong nitilin response. 
An ,,.„nd deteet,,T. ttt:iv Ito used 

to give t audio beat, note, but, since the de-
tector neke ,t be 'let iiiit•il the ii,, t sulec 

unit signal st rengt li will be reduced, wlkile 
bleeeking t§ ‘v ill la• nronottnectl heeatISC of 

the high signal level at the second detector. 

111, 7-13 Automatic Volume Control 

Principles— Automat ir regulation of the 
gain of the receiver in inverse proportion to 
the signal strength is a great advantage, espe-
cially in ' plume reception, sinee it, tends to 
kepi) tin, nut > ttt liii > if t he reveiver constant 
regardles; of input tign:k1 strength. It is readi-
ly accomplished in superheterodyne receivers 
ley using the average reetitied du. voltage, 
developed by the received signal across a 

in a detector circuit (§ 7-3), to vary 
the leias on the t'. i. :tied if. amplifier tubes. 

Fig. 728 Cr%stal filter circuits id three types. All 
gi%e variable ',old-is :1.11h, lib ha% iii g mile greatest 
range of Their operation i- di ,eitsseti in the 
text. circuit % allies are as III.- I : ircuit A, Ti, 
spet•ial il. input transformer suttli high-inductance pri-
Illar It elosely coupled to tuned secondary, 1.2; 

iarialile; C. eaelt 11111,,fd. fixed (mica); C29 
10- to I (max.) s ariable: C3. 50-mad. trimmer; 
1.31'1. I. I. t tined eiretiii, ith I.: tapped to match crystal-
cirenit I II I'' li i>,', It> eiretiii is the same as in 
eieenit t, •%eept that the seeontlar% is eenter-latipt•d; 

I 00-aafil. % aria anti s. • as for 
1.31.1 is a transform., it ti priman , /4,corresiumtling 

to lap on is in A. in eireuit C, Ti is a special ji. in-
put traii-,former with timed primary anti low-impe-
dance sevondar, t C, each 100,..µfil. fixed ( mica): C2, 
oppost•il stator phasing eiiiiilensi•r, approximately 8 

maxin tttttt capacity earl, side: LaCa, high-Q if. 
k ;el circuit: R, 0 to 3000 ohms (selectivity control). 
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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, 
detector and first audio amplifier is shown in 
Fig. 729. One plate of the diode section of the 
tube is used for signal detection and the other 
for a.v.c. rectification. The a.v.c. diode plate 
is fed from the detector diode through the 
small coupling condenser, C3. A negative bias 
voltage resulting from the flow of rectified car-
rier current is developed across the diode 
load resistor. This negative bias is applied to the 
grids of the controlled stages through the filter-
ing resistors (§ 2-11), ler„ R,;, R7 and R8. When 
81 is closed the a.v.c. line is grounded, thereby 
removing 111e a.v.c. bias from the amplifier 
without. disturbing the detector cirruit. 

It does not matter which of the two diode 
plates is seleeted for autlio and whieh for a.v.c. 
Frequently the two phites are connected to-
gether and used as a combined detector and 
a.v.c. rectifier. This could be done in Fig. 729. 
The ft.V.C. filter and line would connect to the 
junction of R2 and C2, while C3 and R4 would 
be omitted from tlw circuit. 
Delayed a.r.c.—In Fig. 729 the audio diode 

return is made directly to the cathode and 
the a.v.c. diode return to ground. This places 
negative bias on the 8. v.e. diode equal to the 
d.c. drop through 1 he 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. dig >de cir-
cuit until the carrier amplit in le is large enough 
to overeome the I has. Without this delay the 
a.v.c. would start working even with a very 
small signal. This is undesirable, because the 
full amidificalion 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 av(dded; hence, the return 
is made directly to the cathode. 
Time constant — The time constant (§ 2-6) 

of the resistor-condenser combinations in the 
a.v.e. circuit is an important, part of the sys-
tem. It must be high enough so that the modu-
lation on the signal 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. would be unable to 
follow rapid fading. The capacity and resist-
ance values indicated in Fig. 729 will give a time 
constant which is satisfactory for high-frequen-
cy reception. 

Signal-siren vtli and t  • g indicaiors— 
A useful accessory to the receiver is ail indi-
cator which will show relative signal strength. 
Not only is it an aid in giving reports to trans-
mitting stations, but it is helpful also in aligning 
the receiver circuits, in conjunction with a test 
oscillator or other steady signal. 
Three types of indirat ors are shown in Fig. 

730. That at A uses an electron-ray tube (§ 3-5), 
several types of which are available. Tlw grid 
of the triode section usually is conneeted to 
the 3.V. e. line. The particular type of tulie 
used deliends upon the volt a.ge available for its 
grid; where the a.v.c. voltage is large, :t remote 
eut-off type (fiG5 or UNS. should be used in 
preference to the more sensitive sharp cut-off 
type (6E5). 

In B, a 'Italia ni meter is connected in series 
with the d. e. plate lead to one or more r. f. and 
i.f. tubes, the grids of \Odell are controlled by 
a.v.c. voltage. Since the plate current of such 
tubes varies with the st reng) h 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 Idate current of the average remote cut-
off r.f. pentode is front 7 to 10 milliamperes. 
The shunt resistor, R. enables setting the 
plate current to the full-sea le value (" zero 
adjustment"). With this system the ordinary 
meter reads downwards 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 positil al of t he pointer is 
on the right-hand side of the scale are used in 
commercial receivers. 
The system at C uses a 0-1 nia. milliam-

meter in a bridge rireuit, arranged so that the 

Fig. 729 — Ant ((((( atic volume control circuit using a dual-diode-triode as a 
combined a.v.c. rectifier, second detector and first audio-frequeney amplifier. 

R, — 0.25 tnegolun. 
R2 — 50,000 to 250,000 ohms. 
Ila — 2000 ohms. 
114 — 2 to 5 mcgohms. 

0.5 ti, 1 mcgolun. 
116, 117, lis, R5 — 0.25 ntegohm. 
H to — variable. 
CI, C2, C3 — 100 PAL 

—• 0.1 pf.l. 
Ct, Cr.„ C7 — 0.01 dd. 

Cti — 0.01 to 0.1 ttfd. 
C10— 5- to 10-afd. electrolytic. CI, — 250 umfd. 
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meter reading and the signal strength increase 
together. The current through the branch con-
taining Ri should be approximately equal to the 
current through that containing 112. ln 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 112, the soin of 
these currents living about equal to the maxi-
mum plate (lurent of one a.v.e.-cont nilled t 
Typical values for t Isis type of circuit are given. 
The sensitivity van be increased bv increasing 

n the resista ii RI. 11n d 2 a T1W initial set-
ting is made with the manual gain ta oitrol set 
near maximum, when should be adjusted 
to make the meter read zero with no signal. 

41 7-14 Preselection 

Pur/pose— Preselection is added signal-fre-
quency selectivity incorporated before the 
mixer stage is reached. An r.f. amplifier pre-
ceding the mixer generally is valled a priseledor, 
its purpose, in part at least. l'oing to thscritni-
nate in favtir of the signal against the image. 
The preselertor may v(tnsist of one or more r.f. 
amplifier stages. When its timing control is 
ganged wit h t l'ose of the mixer and oscillator, 
its circuits must track with the mixer circuit. 
The circuit is the same as discussed earlier 

(§ 7-6). Ait external preseleetor stage may be 
used with receivers having inadequate image 
ratios. ln this case it is built as a separate 
unit, often with a tuned out put eireuit which 
gives a further improvement in seleetivity. 
The output circuit usually is link-coupled 
(§ 2-11) to the receiver. 

Signal  «Ne ratio— An r.f. amplifier will 
have a better signal-to-noise ratio (§ 7-2) t han 
a mixer because t la. gain is higlier and because 
the mixer-tube electrode arrangement results 
in higher internai tube noise than does the 
ordinary pentode struet tire. Hence. a pre-
selector is advantageons in increasing the 
signal-to-itctise ratio over t hat obtainable when 
the mixer is fed directly front the antenna. 
Image suppress- .— The image ratios 

(§ 7-S) out amollie at frequencies up to and 
including 7 Me. with a single preselect or stage 
are high enough, when the inter:nabote fre-
quency is . 155 kt._ so tliat for all inactiva! ! nu.-
poses there is no appreeialde image resp:ffise. 
Average image ratios on I I Mc. and 25 Me. are 
50-75 and 10-15, respectively. This is the over-
all selectivit y of Hie r.f. and mixer tuned cir-
cuits. A second preselectt ir stage, at hfing an_ 
other tuned circuit. will inerease the ratios to 
severalhundredat 11 Mc. and to :10 10:it 28 Me. 
On very-high frequencies. it is impraetieable 

to attempt to secure a got tri image nitio with a 
455-kt.. i.f. Good performative rate be secured 
only by using a high i.f. or a double superhet-
erodyne (§ 7-8) with a high-frequeney first i.f. 
Regeneration— Regeneration may be used 

in a preselector stage to increase both gain and 
selectivity. Since its use makes tuning more 
critical and increases ganging problems, regener-

ation is seldom employed except at 14 Mc. and 
above, where adequate image suppression is dif-
ficult to obtain with non-regenerative circuits. 
The same disadvantages exist as in the case of 
a regenerative if, amplifier (§ 7-11). The effect 
of regenerat ion is roughly equivalent to adding 
another non-regenerative preselector stage. 

A.VG. 
UNE 
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Fig. 7:10 — Tuinirt2 ittilicator or "S....mimer circuits for 
superho recel% el', ‘, loriE011-Eil> or; ii, plate-
(marrent met er for I iibe. toi a.v.e.: brid ge circuit for 
a.v.e.-controlled tube. ln Il, re•d-di ir I - hoult1 have a 
max.  rtsistante st st'rai titnes litai of the minium-
varier. I it C. repre-rtilalise salue- fur the cœur> mts 
are: Re, 250 ohms; Ra, 31,0 ohms; R3, 1000-ohm variable. 

Regeneration may be introduced by the 
same method as used in regenerative i.f. am-
plifiers (§ 7-11 The manual gain control 
the stage will sirve ris a volume eontrol. 

Regeneration in :t preseleetor does not ina-
prove t signal-tu-noise ratio, since the tube 
noise is fed baek to the grid circuit :dong with 
the signal to aild to tlw t hernml-agitat ion noise 
originally present. This noise also is amplified. 

7-15 Noise Reduction 

Types qf nvi,e - - ln addition to tube and 
circuit noise 7-10, much of the noise inter-
ference experienced in reception of high-fre-
queney signals is cause(' by domestic electrical 
equipment and by automobile ignition sys-
tents. 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 selecti vit y in the receiver, especially for 
code recept ion. The second is the " pistol-shot" 
or " machine-gun" type, consisting of sepa-
rated impulses of high amplitude. The " hiss" 
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CI 

R3 

(B) 6 2201/ 

type of interference usually is caused by coot-
imitator sparl:ing in (. 1 .e. and sefp_ \v und 
motors, \ViUi( ti"shut" type results fruit sepa-
rated spark discharges ( a.)'. power ! elks, switch 
tun( key clicks, ignition spark.,, and the like). 

itttintise  se— Impulse noise, because of 
the extremely short duration if the pulses as 
compared 1.0 the t itue between them, must have 
high mils(' amplitude to iii lilt much average 
energy. Hence, noise of this type strong enough 
to cause much interference gentirall• has an 
instantaneous amplitude nitwit higher than 
that of the signal being received. The general 
principle of devices intended to reilme such 
noise is that, of allowing the 
to ti, iss through the receiVel• 1111:111.(q'ted, but 
making the reeeiver ini ive for anthill udes 
greater than that. of the signal. The greater the 
amplit ode of the 1 111 Iso it tnpa rod to its tune of 
(litrat ton the more suecessful the noise reduc-
tion, si nee ruor: of the ((((( st il mint energy call 
be sut mressed. 

ht liasitig through selective receiver eircuits, 
the time duration of the impulses is inen•ased, 
because of the Q or flywheel effect § '2-1 0) of 
the circuits. Hemp, the more selectivity 
of the noise- reducing device, the t1101'1' 
it beVi)IIIPS til gum' noise suppressian. 

— A eonsiderable degree of 
noise reduct ion in rode reeept ion can be accom-
plished by amplitude-limiting arrangements 
applied to the audio output. circuit of a re-
ceiver. Suell limiters also maintain the signal 
output nearly constant. with failing. Itiagrams 
of typical output - limiter circuits are shown in 
leig. 731. Circuit A employs a triode tube oper-
ated at reiliteed plate voltage ( approximately 
10 volts), so that it. sat.itratt•s at a low signal 
level. The arrangement of 1 3 has better t 11111 

jUg eharaeteristies. A pentode audio tube is 
operated at reduced ser('en voltage t3:3 volts or 
so), sit that the output Hover remains pray - 
tically constant. over a grid exeitation-voltage 
range of Twin. than 100 to I. These out put - 
lintit.er systems are simple, ; Intl adaptabh• to 
most receivers. However, they cannot, prevent 
noise peal:s from overloin ling previous circuits. 

Secoriii-eletectibr circuits — The circuit of 
Fig. 732 " chops" noise peaks fit the second 
detect.) Ir of a superliet receiver by means of a 
Ihjased 11 ,: ri-vonducting 
:11)0Ve a. predetermined signal level. 'I'll)' audio 
output of the deteetor p:iss through the 
diode to the grid of the amplifier tube. The 
diode normally would be non-conducting with 
the cotmtfetions shown were it not for the fact 
that it is given positive bias front a 30-volt 

Fig.731— -rin'llil 
jug circuits for 1..%%. r••,•••ot 

Phones — 0.2 -• mfd. 
c2 — 0.01 pftl. 

uftl. 
II I 11.7, rocgolon. 
It, _ Dloo 
It, - 0111 entionlefEr. 

--I /loom tran-former. 
1.1 — I7o11,1(r) rholo•. 

source through the adjustable potentiometer, 
h'3. Itesist ors and must be fairly large in 
value to prevent loss of audio signal. 
The audio signal from the dt•tect or can be 

considered to modulate (§ the steady 
diode current, and conduction will tal:e plaCe 
$i)ii , ng as (roide plate is positive with re-
speet, to the cathode. When the signal is suffi-
ciently large to s\\ ing the eat hode isit ive with 
respect, to the plate, however, ronduetion 
reases, and t hat portion of the signal is cut off 
front the audio amplifier. The pitint at ‘vItieli 
cut-off occurs can be selected by adjustment of 
113. liy setting /e3 so that the signal just passtts 
through the " valve," noise pulses; higher in 
amplitude than the signal it ill lie cut off. The 
circuit of Fig 732-.1, using tin infinite- imped-
ance ileteet (§ 7-3), gives a positive voltage 
on rectification. 1V lien the reclined voltage is 
negative, as it is front the usual diode (111(11-I ( t' 

7-3 ,, the iiircuit arrangement shown in l'ig„ 
732-1i niust used. 
An atidiu cut' about ten violts is required 

for good limiting action. NVInin a brat oseillatitr 
is used fit'. reception the voltage 
sut iuihil be small, so that inciiming noise will not 
ha\ e a strong carrier tie twat. tigainst and so 
ii, tu  large audio output. 
A second-detector noise-limiting circuit, which 

automatically adjusts itself to the received 
carrier level is slio\yn ill Fig. 733. The diode 
biad circuit, ( § 7-3) consists of Re,, R7, RS 
(shunted 1)y the high-resistance audio vidume 
control, / i'4) and Re, in series. cathode of 
the 11N7 limiter is tapped on the load 
rt•sistor at, a ¡ mint, suell hat t he average rerti-
tied carrier voltage ( negative) : it its grid is 
approximately t \vice the negative voltage al 
the cathode, both measured with reference to 
ground. A filter net‘yorl:, RIC', is inserted ill 

t he gri(1 circuit, so that I he audio modulation 
on the carrier (loes not roach the griil: hemp, 
the grid potential is maintained al substan-
tially the reetified carrier voltage ;dime. The 
eathode, hiovever, lui free t 1(111)0V till. 111011111a-
I ¡MI, :Ind NV II( .111 is lOn per rent 
the peal: cathode voltage will just equal the 
steady grid voltage. 

.1t all niodulatiiin pereentages below 100 per 
cent tile grid is negative with respect, te cath-

:o ld current i•antiot fliiw in the 11 N7 plate-
circuit. A niiise pulse exceeding the 

k voltage \\ Ilia represents WO per cent 
moilulat ion will, however, make the grid msi-
tive with respect to cathode. The relatively 
1(1 1Y plate-cathode resistance of the 6.N7 then 
shunts the high-resistance audio output circuit., 
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effectively short-circuiting it, so that there is 
practically no response for the duration of the 
peak over the 100 per cent modulation limit. 
R5 is used to make the noise-limiting tube 

more sensitive by applying to the plate am 
audio voltage out of phase with the cathode 
voltage, so that, at the instant the grid goes 
positive with respect to cathode, the highest 
positive potential also is applied to the plate, 
thus further lowering the effective plate-cath-
ode resistance. 

l.f. noise silencer — In the circuit shown in 
Fig. 734, 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 
No. 3 grid of the 6117 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 contnd the a..v.c. volt age 
can be applied to the grid of the noise ampli-

fier, to augment this threshold bias. This sys-
tem improved the signal-to-noise ratio some 
30 db. (power ratio of 10110) with heavy igni-
tion interference, raising the signal-to-in)ise 

ratio from — 10 db. without, the silencer to 

± 20 lb. with the silencer in a typical instance. 

C3 boodle 
ano/ife• 

Fig. 732 — Series-valve  -e-limiter circuits. A, as used 
with an infinite-impedance detector; II, with a diode 
detector. Typical values for e lllll ponents are as follows: 

Hi — 0.25 megoltm. 114 — 20,000 to 50,000 ohms. 
B2— 50,000 ohms. Ci — 250 ggfd. 
I13— 10,000-ohms. Ca, Ca — 0.1 gfd. 

All other diode-eircuit constants in B are conventional. 
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Fig. 733 — Automatic noise-limiter for superheterodynes. 

T — M. transformer , ith a balanced secondary for 
working in a lie le rectifier. 
113 — I megohm. Ct — 0.1-gfd. paper. 

114 — 1-megolim variable. C2, Ca — 0.05.gfd. paper. 
— 250,000 ohms. C4, C5 — 50-ggfd. mica. 

Ils, Its — 100,000 ohms. Ce — 0.001-gfd. mica (for 
117 — 25,000 ohms. r.f. filtering, if 
Sw — s.p.s.t. toggle (on-off switch). needed). 

The switch should be mounted close to the circuit ele-
ments and controlled li,y an extension shaft if necessary. 

Circuit values are normal for i.f. amplifiers 
(§ 7-11), except as indicated. The noise-recti-
fier transformer, Th has an untuned secondary 
closely cmtpled to the primary and center-

tapped for full-wave rectification. The center-

tap rectifier (§ 8-3) is used to reduce the pos-

sibility of r.f. feed-back into the i.f. amplifier 

(noise-silencer) stage. The time constant (§ 2-6) 

of the noise-rectifier load circuit, RICIC2, must 
be small, to prevent disabling the noise-silencer 

stage for a longer period than the duration of 

the noise pulse. The r.f. choke, RFC, must be 
effe,•tive at the intermediate frequency. 

'equate shielding and isolation of the noise-
ampli lie!. and rectifier circuits from the noise-
silencer stage must be provided to prevent 
pu)ssible self-oscillation and instability. This 

circuit, should be applied to the first if. stage 
of the receiver, before the high-selectivity cir-

cuit s are reached. On the other hand, it is most, 

effective when the signal and noise levels are 

fairly high (ino:ining one or two r.f. stages be-

fore 1.114. mixer) situ ' t' several volts ni st be ob-
tained from the noise rectifier for good si-
lencing. 

ILL 7-16 Operating Superheterodyne 
Receivers 

C.w. reception— For making code signals 
audible, the beat oscillator should be set to a 
frequency slightly different from the inter-
mediate frequency (§ 7-ti). 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 maxi-
mum 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 frequency has not drifted from the 
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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.e. (§ 7-13) is not generally 

satisfactory in c.w. reception because the re-
ceiver gain rises in the spares between the 
dots and dashes, giving an increase itt noise in 
the same intervals. and because the rectified 
beat-oscillator voltage in the second detector 
circuit also operates t . v.c. cireuit. This gives 
a constant reductitut in g:tin and prevents util-
ization of the full sensitivity of the receiver. 
Hence, the gain preferubly slittuld be manually 
adjusted to give suita I lo audio-frequency output,. 
To avoid overbiatling in the if. circuits, it is 

usually better to cow nil the i.f. and r.f. gain 
ami keep the audio gain at a fixed value than to 
use the a.f. gain et intro] as a volume control 
and leave the r.f. gain fixed at its highest level. 
T g with. the crystal filter— If the re-

ceiver is equipped with a crystal filter the tint-
ing instruetions in the preceding paragraph 
still apply, hut more rare must be used bot h lit 
the initial adjustment of t he heat oscillator and 
in tuning. The beatitscillator is set : is described 
above, but with the erystal filter in operation 
and adjusted to its sharpest position, if vari-
able selectivity is available. The initial adjust-
ment, should he made with the phasing control 
(§ 7-11) in the intermediate position. After it, is 
completed, the beat oscillator should be left set 
and the receiver tuned to the other side of Zeril 
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 com-
pletely by earefol adjustment of the phasing 
contrtd. This is the adjustment for normal 
operati,m; it will be fount l that one side of zero 
beat, has practically disappeared. leaving maxi-
mum rest nmse on the desired side. 
An interfering signal having a beat note 

differing from that of the ti.f. image can be 

IF 
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Fig. 734 — I.f. noise-41,11ring eirei it. The plate supply 
should be 250 volts. T% piral % alees for romponents are: 
CI — 50-250 pea. (use smallest value possible without 

r.f. feedback). 
C2— 50 pft l. 112 — 1000-01mi variable. 
C3— 0.1 mfil. 113-20,000 cairns. 
Iti — 0.1 megohm. 114, 115 — 0.1 megoluru. 
— Special if. transformer for noise reel ilier. 

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 " ruts to-
gether." plus this fact that tuning is 
quite critival with ext remely high selectivity, 
may make it desirable to use somewhat less 
selectivity in erdinary operation. However, it 
must be empletsized t hat, to realize the benefits 
of the crystal filter its reducing interference, it 
is necessary to do all tuning with it in the 
eircuit. Its selectivity is so high that it is 
almost impossible to find the desired station 
quiekly, should the filter be switched in only 
when interferenve is present. 

'PI  reception — lit reception of 'phone 
signals. the normal proredure is to set, the r.f. 
and if. gain at maximum, switch on the a.v.e., 
and use the autlio gain emit rol for setting the 
volume. TI its insures maximum effect iveness of 
the a.V.e. ay›tein in vompensating for fading 
and maintaining (twist :tut, audio output on 
either st ri iii g or wea I: signals. On °erasion a 
strong sit:Jill close t t he frequeney of a weaker 
desired st a t ion may take control of the a.v.e„ 
in which case the. weaker station will prac-
tieally disappear because of the reduced gain. 
In this ease linter reeeptitin may result if the 
a.v.c, is switelied off, using the manual r.f. 
gaits eontrol tit set the gain tit a 'mint which 
prevents •• bloeking" by Ow strtinger signal. 
A crystal filter will do muds toward reducing 

interfet•enee in ' plume reception. Although the 
high selectivity cuts sidebands (§ 7-11) and 
thereby reduees the audio output, especially at 
the higher audio frequenries, it is pttssible to 
use quite ugh selectivity without lest roying 
intelligibility even though the ' quality - of the 
transmission may sillier. As in tIn ais ii e.w. 
reception, it, is zulyisable to tin all toiling with 
the filter in the cireuit. Variable-seleetiyity 
filters permit a elloire of seleetivity to suit 
interfertnee conditions. 
An undesired carrier (lose in frequeney to a 

desired carrier will heterodyne with it to pro-
duce a beat note equal hi the frequeney dif-
ferenee. Snell a hetert sly ne ran be redueed by 
adjust intuit of t lie phasing ctnitrol in the erystal 
filter. It cannot lie prevented in a " straight" 
superheterodyne having no crystal filter. 
A totse rontrol often will be of help in reduc-

ing the effects of it lietenslynes, 
sitieband splatter (§ 5-2) and noise, by eutting 
off the higher audio frequencies. This, like side-
ba rid cutting with high selectivity, causes Si tine 
reduction in testuralness. 
Spur' s responses— Spurious responses 

can be reeognized without. a great deal of 
difficulty. Often it is possible to identify an 
image by the nature of the transmitting sta-
tion, if the frequeney assignments applying to 
the frequency to which the receiver is tuned 
are known. However, an image also can be 
recognized by its behavior with tuning. If the 
signal causes a heterodyne beat note with the 
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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. 

harmonies of the beat osei Hater can be rec-
ognized by the tuning rate of t lie l)eat-oseillator 
pitch control. A smaller movement of the con-
trol will suffice for a given (' bauge in beat note 
than is necessary wit li legitimate signals. 

IEL 7-17 Servicing Superheterodyne 
Receivers 

Trot/Wes/tooting — Two basic methods 
are en,p! ed. One is the " point- by- point" 
system of static analysis, requiring chiefly a 
multirange volt-ohm-milliammeter. liegin-
ning at the power transformer, the operating 
voltages at each point in the circuit are meas-
ured. Abnormally low or high voltages, or the 
absence of indica ion at a given point in the 
circuit, presumably indicate a defective com-
ponent at that point. The analysis may then 
be completed with the alit of the ohmmeter and 
a little deduetion, ending wit h reinuir or re-
placement of unserviceable components. 
An alternative method, commonly employed 

by professional radio servicemen, is that of 
"dynamic" or " channel" analysis. The prin-
ciple is that of applying a test signal to the 
r.f. input and tracing it stage-by-stage thr,mgh 
the receiver. The if. and if. stages are r•lu•eked 
by timed amplifiers feeding a linear detector 
which operates an indicator sueli as vacuum-
tube voltmeter, elect poi- ray volt meter, or 
cathode-ray tube. A probe on the end of a 
shielded lead with a very small condenser 
(1-2 aafd.) in series is used to pin up the 
signal in the output of any stage, and the tuned 
amplifiers are adjusted to t he frequency of the 
stage. Thus the presence or absence of the 
signal at any point in the receiver may be de-
termined, as well as the relative level. 

If. one/intent — A calibrated signal gen-
erator or t est OSeillatOr is ti practical necessity 
for initial alignment of an i.f. :111111111i1.1% 
means for measuring the output of the receiver 
also is needed. If the reeeiver has a tuning 
meter, its indications will serve for this pur-
pose. Alternatively, if the signal generator is 
of the modulated type. an a. C. output meter 
(high-resik,ance voltmeter with copper-oxide 
rectifier) can be connected across the primary 
of the output transformer, or from the plate of 
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the last audio amplifier through a 0.1-pfd. 
blocking condenser (§ 2-13) to the receiver 
chassis. The intensity of sound from the 
loudspeaker can be judged by ear, if no output 
meter is available, but this method is not as 
accurate as those using instruments. 
The procedure is as follows: The test oscil-

lator is adjusted to the desired intermediate 
frequency, and the " hot" or ungrounded out-
put lead is clipped on the grid terminal of the 
last i.f. amplifier tube. The grounded lead is 
connerted to the receiver chassis. The trim-
mer condensers of the transformer feeding the 
second detector are then adjusted for maxi-
mum signal output. The hot lead from the 
generator is next clipped on the grid of the 
next-to-last i.f. tube, and the second from last 
i.f. transformer is brought into alignment by 
adjusting its trimmers for maximum output. 
This process is continued, working back from 
the second detector, ii it il ill of the i.f. trans-
formers have been align' I. It vill be necessary 
to reduce the output of the signal generator as 
more of the if. amplifier is brought into tuse, 
berause the inereased tni ill otherwise may cause 
overloading and vonsequent inaccurate results. 
It is desirable always to use the minimum signal 
strength which gives useful nut put readings. 
The if. transformer in the plate circuit of 

the mixer is aligned with the signal-generator 
output lead connected to the mixer grid. Since 
the tuned eirciiit feeding the mixer grid is 
tuned to a considerably higher frequency, it 
Call effectively sip trt-circuit the signal-genera-
tor output, and therefore it may be necessary 
to diseonneet this cireuit. With tubes having a 
top grid-cap cennection, this can be done by 
siniply rella)ving the grid clip from the tube cap. 

If the tuning indicator is used as an output 
meter the it.v.e. should be on; if the audio-
output method is used, the mv.c. should be off. 
The beat oscillator should be off in either case. 

If the i.f. amplifier has a crystal filter, the 
filter should be suit ' luit out . Alignment is then 
carried out as described above, setting the 
signal generator as closely as possible to the 
frequency of t lie erystal. After alignment, the 
crystal should be switched in and the oscillator 
frequency varied back and forth over a small 
range either side of the crystal frequency 
to find its exact frequency, which will be 
in/ lien fed by a sharp rise in output. Leaving the 
signal generattn• set on the crystal t'a k, the 
i.f, trimmers may be realigned for maximum 
output. The neve.ssary readjustment should be 
small. The signal generator frequency should 
be checked frequently. to make sure it has not 
drifted from 1 he erv ,tal peak. 
A modulated sig;ial 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 of the 
receiver is used as a criterion of alignment. 
Lacking an a.v.e. tuning meter the trans-
formers may be aligned by ear, using a weak 
unmodulated signal adjusted to the crystal 
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peak. Switch on the beat oseillator, a.tijust to a 
suitable tone, and align the transformers for 
maximum audio ' mined. 

ampliner ‘vhich is only slightly out, of 
alignment, aS a r.estilt of normal liii ft from 
temperature, humidity or aging effects, eau be 
realigned by using any steady signal, such as 
a local broadcasting stati,,n, in lieu of a test 
oscillator. Allow the i•eceiver lii warn' up thor-

oughly (an how. tn. sot, tune ill the signal as 

usual, and " touch up - i.f. trimmers. 

R.f. alignisteni — Thu erbjective in align-
ing the it. circuits in a gang-tuned receiver 
is to secure adequate tracl:ing, over each tun-
ing range. The adjust intuit, may Is , carried out 

with a test oscillator suitable frequency 
range, or even nil noise or such signals as ! nay 
I,, , heard. First sel the tuning dial at the high-
trequency end of t he range in use. 'rhea set. the 
test oscillator to the. frequency indicated by 
the receiver dial. The test -oscillator output 
may lie ceinnectet1 to the antenna terminals eif 
the'receiver for this test. Adjust tlte oseillatier 

trimmer condenser ill the receiver to give 
ma \ imum respeinse ern the test -oscillatorsignal, 
t hen reset the receiver dial tuthulow-freiownry 
end of tlut range. Set the test-oscillator fre-

quency near the frequency indicated by the 

receiver dial and carefully tune I he test, oscil-

lator until its signal is heard in the. receiver. If 
the frequeney iii' the signal : is indicated by the. 
test -useillatttr calibration is higitur than that 

hy the ,,r 

(or more capacity in the tracking t'i,ittli'iusu't' i is 

needed iii the reeeiver oseillator circuit ; if the 
frequency is lenver, less inductance. ( less trark-
ing rapacity) is required in thre receiver ()sun-

Ett"r• re.'eivers s'one 
means for varying t lie inductances of the coils 

(A) (B) (C) 

Fig. 735 — Iseillitset we pat I,'r,i it r..•- noose eleartat•tu.r-
i,i11., Oil 11 V l>11Z11 1,111.% 1 ra1 .1•1'. Tilt• 111111," rois i I h ra t es 

1,1111k Or ltd.:11101111,11: 11111• rio, - the 
e•amc 111.4/111•rl> aligncd. ‘, LI'. cur% g• or a ', Jeri is I' 

reer r- r, cc ill, a:I trati-1;,,ricr. 
ttlist lined 1111 1/111• , 1111• iii 1.4, 1,111.1111, 11011/. 111.11m. the 

,•1einciole %% 11,1 proved> aligned. e'en ilittugh 
4111 ici 1/11•1.1.1.1 111111.11. It. at ill, top, a broad-

band 1*.m. ,r rut, distil ancr ali ? tom, I, the 
lixt•t1 r,.iocte.> and oot - rot•trr 111,thod: tir, iloser 
curvc iii,' inosrowrit after can•ful align-
im•go. 4, th, pat 1,1.11 it a medilitu-,•11.4.n, it, 

trart-fortilt•r- oti-arelo,11 I'll Cilia,' 

S1111. ., r the ',an., 
aliga...1 t t i)-.• lur hua it ;ill II> off (re-
ytiesicy tuu t I t.tularrthrrettirts trarefttrhetterexa iii i ll ation. 

or the in ri  of the tracking condenser, to 
permit. aligning the receiver tuning wit,lt the 

calii,)ration. Set, tice test oscillated. to the 
frequeney indicated by the rereiN•er dial, and 
then adjust t lu• I rael:ing capacity or induct:Imp 
of the receiver eisrillator coil to obtain maxi-
mum respernse. .\ fter ' liaising 1 his adjustment, 
recheck the high- frequency end of the settle as 
preVionsly bed. It May I.(' Ill'resSarY to> go 
back and fort It lout W(.1 ,11 fill' of I ills range 
several times beleire. the proper combination of 
induetance and capireity is secu rce I. Iii litany 
eases, better ttver-a II I I.:wising N‘ ill result if fre-
quencies near hut tui ; WI icily:It the ends of 
the I uning range:11.e selected, instead of taking 
the extreme dial set ling.:. 

.1fter the oscillator range is properly ad-
justed, set the rereiver and test erseillator to the 
high- frequency end of the range. .1djust the 
titi ••.• er ticnnu•r condenser ha. maximum hi,: or 
sigmtl, ml1(.11 the t'. t', trimmers. Reset the tuning 

"nd lest nsvillatur t,i the 1" .-1.1.0 .1. 1eneY 
end of t ti' range, and repeat: if the cireuits are 

le"PerlY designed , nn eininge in it'll-Hiner set-
tings should be necessary. If it is necessary to 
Increase the trimmer capacity in any circuit, 

it indicates that more inductance is needed: if 
less rapacity resonates the circuit, less in-
ductance is required. 

'FracIsirig selelnin is perfee t throughout a 
ittittitt: rant.t:e, so that a cheek of alignment at 

internieeliate. points in the range may show it 
ls , slightly off. Normally the gain variation 

ti'' ' tu this cause will Iii.wever, ;lout it 

will suffice to bring flu. u•irvitits into line at botll 

ends edi the range. If ninst. reeeptini) is in a 
particular part of the range, such as all allla-
teur hand, the rifyllit.'. May ht aligned for 
maximum perferrniance. in that righ.a, even 
t In 'ugh the ends cif t 111. frequency range as a 
Nviiede may be slightly out of alignment. 

fdignsnent — Miire avellrat.e and 
effieient alignment ..1.1.,•(•eiver eireeii, may be 
performed with ' Ia. aid 'id a visual cur \- e.-1 raver 
or " treaded:dun." whirli traups out I hp rusponsu 
rtirry visually on a. cat herele-lay o›t .illoSeOpe. 

ThiS 

getter:11m. in whiolt t "- cilia 1 or freuuttem•y is 

varied o \'er t, suit:title rangt. tut a luny audio 

rut e. The horizontal ,wt•ttp tit the u 'scope 

sylit•Itrunized ii iii the rate id' va 'um of 

the tet-t frequency, su tittci the horizt > II t de-

Ileet ion is a funutt ion or inquiry. The recti-

fied output tut' the set•ontl detract,. is votituttuttutul 

tut the vertical delleet it'll Hales 14 tIte tusrillue-

scout.. jlc,. ,pot unt the sul...11 tItureforit traces 

u•turr. proportional to thy rout ,i‘-ur ruspoustt 

in terms of the instantaneous value of the os-
e•i:lator frequency. This visual response curve, 
\Oriel) may be that, of t pril ire receiVel' Or Of 

ally st atft:, is continually visible as a whole. 
Thus I lie. effect of any adjust merit of the cit.-
runs may 1,1 , t obserV(41 11111141 In( ire 1'11)1.1(11y I halt 
is :111 ordinary signal generator 

and output. meter, particularly in the ease. of 
wide-band i.f. eirruits. 
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(A) (B) (C) 
Fig. 736 — A, a typical single-trace response curve of 
a selective high-fidelity i.f. system. B, pattern of the 
amplifier in A made highly regenerative, illustrating 
instability. C, double trace of a single overeoupled 
stage with the return trace iliqilaced. A similar -knee*" 
kwated loNs• r,in the skirts %souk] indieate regeneration. 

Apparatus and met hods for obtaining visual 
curve traces are t lescHlsit I in CI lapt er N Met een. 
The simplest arrangenient, is that whieli em-
ploys a reactance-tube modulated oscillator 
operating on 1000 he., the output, of which is 
combined with that From an unmodulated 
variable-tuning r.f. oscillator in a mixer t ube, 
to i ni )vi de a het enslyned signal at the ilesired 
center frequeney. 

Either " double trace" and " single trace" 
patterns may be used. The double trace pat-
tern is obtained by applying a triangular 
sweep to the f. m. ( iscillat or at a frequency lialt 
that of the sawtooth sweep On the horizontal 
plates of the cathode-ray tube. The return 
sweep produees a reversed pattern superim-
posed on the first, anti is useful for check-
ing symmetry and frequency calibration. The 
single-trace pat tern shows the sanie two oppo-
site-sequence rest >mince curves, but with the 
second curve displaced by a half cycle of the 
audio sweep freqiiency. It is iiseful in display-
ing irregularities in the pit tern which might be 
obscured by superposition of the traces. 
The alignment procedin.e fighms tintt de-

scribed for the oscillator-output-nwfiir method. 
Assuming a diode second detector, run a 
shielded lead to the vertical intuit terminals 
of t Is` oscilloscope front t high" side of the 
diode load resistor — usually the audio vol-
ume control. With :t trititle biased detector, 
the bias resistor : Intl by-pass cunt tenser circuit 
should be opened and the vertical terminal 
connected to the eathode of the detector tube 
across a 0.5-megolun leak to ground, by-
passed with a 250-amfd. eongh•nser. The plate 
load should be shorted out. This u-ill make the 
resonance patterns appear upside down, but 
does not change their hilt' rpretation. 
The r.f. output from I he mixer should con-

nect directly to the grid of the last i.f. tube. 
Add the i.f. frequency to 1000 kc. and set the 
unmodulated signal generator to this fre-
quency. For example, if the i.f. is 465 kc., set 
the a.m. signal generator to 1465 kc. At the 
usual bandwidth of 30 he., the signal at the 
grid of the last i.f. stage will swing from 450 ke. 
to 480 kc. and back. If the signal generator is 
set to the exact i.f., a double-trace pattern 
should appear on the screen. Center this pat-
tern with the oscilloscope sweep vernier. Ad-
just the i.f. trimmers until these peaks coincide. 
For single-trace analysis, the oscilloscope sweep 
frequency should be reduced one half. 

(A) (B) 

To align the next i.f. stage, move the r.f. 
output lead to the grid of the tube and adjust 
the next i.f. transformer. It may be necessary 
to readjust t lie ‘ tutput transformer after titis 
operation. When aligning triple-tuned or high-
fidelity i.f. circuits, it, is most important that 
the peaks in the double pattern coincide and 
have nearly equal amplitude. 
To align the r.f. and mixer input circuits, 

the varial)le-frequency signal generator should 
be set to a frequency which, by addition to 
1000 Lc., produces the desired r.f. signal fre-
quency. As each stage is added, the output 
le vul most he reduced to keep the pattern on 
the screen. To avoid overloading, only enough 
signal should be used to overcome local inter-
ference. Adjust the r.f. trimmers for maximum 
vertical amplitude of the pattern, as with an 
output meter. Dial calibrai ion can be checked 
by setting the test oscillator on frequency 
and adjusting the h.f. oscillator trimmer in the 
receiver to center the pattern on the screen. 

(C) 

Fig. 737 — Response curves of a superheterodyne with 
crystal filler (made at a very low repetition rate). A, 
crystal in "broad- posithm. phasing control at center. 
II, phasing control set to place the rejection slot on low. 
frequency side. C, with slot on high-frequency side. 

Oscillation in r.f. or i.f. amplifiers— Os-
cillation in high-frequency amplifier and mixer 
circuits may be evidenced by squeals or 
"birdies" as the tuning is varied, or by com-
plete luiuk 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 Coin-
mom ground circuits, especially to the tuning-
condenser rotors. Inadequate or defective by-
pass condensers in cathode, plate and screen-
grid circuits also can cause such oscillation. In 
some cases it may be advisable to provide a 
shield between the stators of pre-r.f. amplifier 
and first-detector ganged tuning condensers, in 
addition to the usual tube and interstage shield-
ing. A metal tube with an ungrounded shell 
will cause troth He. Imprtmer screen-grid volt-
age, resulting from a shorted or too-low screen-
grid series resistor, also may be responsible 
for such instability. 

Oscillation in the i.f. circuits is independent 
of high-frequeney tuning, and is indicated by 
a continuous squeal which appears when the 
gain is advanced with the c.w. beat oscillator 
on. It can result from similar defects in i.f. 
amplifier circuits. Inadequate cathode by-pass 
capacitance is a common cause of such oscilla-
tion. An additional by-pass condenser of 0.1 
to 0.25 ¡dd. usually will remedy the trouble. 
Similar treatment can be applied to the screen-
grid and plate by-pass filters of i.f. stages. 
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Instability —"Birdiés" 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 (§ 7-4). 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 the 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 (§ 7-10), loose connec-
tions, defective tubes or circuit components, or 
poor voltage regulation in the oscillator plate 
and/or screen supply circuits. Mixer pulling of 
the oscillator circuit (§ 7-0) also will cause the 
beat-note to " chirp" on strong c.w. signals be-
cause 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 strettgth 
and the time constant of the power-supply 
circuits. This effect is most pronounced with 
high i.f. selectivity, as when a crystal filt or is 
used, and can be cured by making the os(llla or 
relatively insensitive to voltage changes :111(1 by 
regulating the plato voltage supply (§ 7-10). 

•13 

e 7-18 Reception of Frequency-
Modulated Signals 

F.m. 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 amplitude-modulated signals do 
not respond to frequency modulation. It is also 
necessary, for full realization of the noise-re-
ducing benefits of the f.m. 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 (§ 3-10, 7-15). Since the weakest signal 
must be amplitude-limited, high gain must be 
provided ahead of the limiter; the superhetero-
dyne type of circuit almost invariably is used 
to provide the necessary gain. 
The r.f. and i.f. stages in a superheterodyne 

for f.m. reception are practically identical in 
circuit arrangement with those in an a.m. 
receiver. Since the use of f.m. is confined to the 
very-high frequencies (above 28 Mc.) a high 
intermediate frequency is employed, usually 
between 4 and 5 Me. This not only reduces 
image response but also provides the greater 
band-width necessary to accommodate wide-
band frequency-modulated signals. 
Receiver requirements — The primary re-

quirements are sufficient r.f. and i.f. gain to 
"saturate" the limiter even with a weak 
signal, sufficient band-width (§ 7-2) to ac-
commodate the full frequency deviation either 
side of the carrier frequency without undue 
attenuation at the edges of the band, a limiter 
circuit which functions properly on both rapid 
and slow variations in amplitude, and a detec-
tor which gives a linear relationship between 
frequency deviation and amplitude output. The 
audio circuits are the same as in other receivers 
(§ 7-5), except that in communications-type 
receivers it is desirable to cut off the upper 
audio range by a low-pass filter (§ 2-11) be-
cause higher-frequency noise components have 
the greatest amplitude in an f.m. receiver. 
The limiter — Limiter circuits generally are 

of the plate-saturation type (§ 7-15), where low 
plate and screen voltage are used to limit the 
plate-current flow at high signal amplitudes. 
Fig. 738-A is a typical circuit. The tube is self-
biased (§ 3-6) by a grid leak, RI, and condenser, 
C1. R2, R3 and R4 form a voltage divider 

Fig. 738— Fan. limiter circuits. A, single-tube plate-
saturation limiter; B, cascade limiter. Typical values are: 

Circuit A Circuit B 

C: — 1005pfd. 100 mad. 
12, C3 — 0.1 51d. 0.1 µM. 
C4 - 250 55fd. 
It, — 0.1 megohm. 50.000 ohms. 
112 — 2000 ohms. 2000 ohms. 
113 — 50,000 ohms. 50,000 ohms. 
114 — 0-50,000 ohms. 0-50,000 ohms. 
E5 — 4000 ohms. 
Its — 0.2 megohm. 

Plate-supply voltage is 250 in both circuits. 
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(§ 8-10) which puts the desired voltages on the 
screen and plate. The lower the voltages the 
lower the signal level at which limiting occurs, 
but the r.f. output voltage 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 (§ 2-6) of RiCi determines the be-
havior of the limiter with respect to rapid and 
slow amplitude variations. For best operation 
on impulse noise (§ 7-15) 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 con-
stant-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. 738. 
The cascade limiter, Fig. 738-B, 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 
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 RI in 

either circuit may be applied to the i.f. ampli-
fier for a.v.c. (§ 7-13). 

Discriminator circuits and operation — 
The f.m. detector commonly is called a dis-
criminator, because of its ability to discrimi-
nate between frequency deviations above and 
those 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. 
739-A. 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 same as in ordinary 
diode detector circuits (§ 7-3). 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. 
pass-band. The voltage applied to the rectifiers 
consists of two components, that induced in the 
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Fig. 739— F.m. discriminator circuits. In both circuits 
typical values for CI and C2 are 100 peifd. each; Ri and 
R2. 0.1 megohm each. C3 in A is approximately 50 ppfd., 
depending upon the intermediate frequency; RFC:should 
he of a type designed for the id. in use (2.5 inh. is satis-
factory for i.f.s of 4 to 5 Mc.). In either circuit the 
ground may be moved from the lower end of C2 to the 
junction of C; and c2, for push-pull audio output. 

secondary by the inductive coupling and that 
fed to the center of the secondary through C2. 
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 lei and 112, 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 C2 
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. 740 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 which 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 pass-band, 
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 
down to the minimum value necessary for a 
linear characteristic. 
A second type of discriminator is shown in 

Fig. 739-B. Two secondary circuits are used, 
one tuned above the center frequency of the 
i.f. pass-band and the other below. They are 
coupled equally to the primary, which is tuned 
to the center frequency. As the carrier fre-
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Fig. 710 — Character-
istic. of a typical f.m. 
detector. The vertical 

repre,.ents the 
iii•%idoped 

0,200 II ball 1,1 ...IStOr 

a , ill, fre•eineale• va-
rig, front Ihr e•\ art 

f n•qm.ucy. 

This ¿huit ''r 

kindle fan. 
I., a baud-, II Iii 
150 kr. o‘ re. Ow linear 
portion of till. cIll'S V. 

q 'envy deviates the voltages induced in tile 
scrondaries ‘vill change in amplit ink, the larger 
voltage appearing avross the sceondary being 
nearer resonance with the instantaneous fre-
queney. The detection characteristic is similitr 
to that of the center- tuned dis,riniinal or. The 
peal: sepa rat ion is determined by the (2.,e of the 
circuits, the coeffirient, of coupling, and the 
totting of the secondaries. High (2.•.: and 14 'use 
entIpling are required for eh ese peak separation. 

.A simple self-quenched superregenerative 
reeeiver may be used as a frequency eleteet or if 
it is tuned so that the earrier fre' leiene•>- falls 
along the slope of the res(wanee (( move. Two 
such detectors. off-tuned on either side of the 

carrier, may Im used in push-pull. n tivm':tt't'ttt,t.etiti'nt employing a suporregenera-

five stage as a first it. amplifier 7:e Me.. fol-
lowing a eeenverier unit. provieles high gain 
and linear rest Ions(' 551 it rel., t ively few stages. 

F.tit. recei rer align stal•ni — Alignment. tif 
Lin. revel vers up tf) t he limiter is carrie,1 out as 
dceseri bee in § 7-17. For output mensurement,, 
a 0-1 milliammeter or 0--500 mieroammeter 
should be connected in series m it h the hinit ( ar 
grid resistor tie, in Jig. 73s) at lhe gr ' lin Iii 
cod; or, it' the voltage drop m•ro., /es 
fun. and thy reee¡ver is pi.„‘•¡,1,41 u tilt a 

tuning meter I§ 7-13), the tuning meter may be 
used as an output meter. An aeelerately cali-
brated signal generator or I oseilleitor is 
desirable, since the i.f, should be alimied t() be 
as symmetrical as possible: that is, t lie output 
reading should be the same for any two test 
oscillator settings the same number of kilo-
cycles above or below resonance'. it is wet nee-
easel r',' to have unif oriel resi noise OVer tI,, us 

band to he received,although fire Wit Ina at the 
edges of the band ( limit of deviation ( s; 5-11) 
of the transmitted should not he less 
than 25 leer Vellt Of tile V, IltIl!,1` at l'eSollallee. iii 

communications \rod:. a l'ancl-Nvielth Of 30 ke. 
less ( I less deviari„n use d. 
Output readings should be 1:11:en with the ( is-
eillator set, ai intervals of a few 1;iliwyeles 
either side of resonance up to the hand limits. 

After the i.f. ( and front-emit alignment the 
limiter operation should be cheel:ed. This can 
be done hy temporarily disconneeting (-3, if 
the discriminator circuit of Fig,. 7311-A is used, 
disconnecting and CI on the cathode side, 
and inserting the milliammeter or micro-
ammeter SerieS wit h /1'2 sit t he grounded (intl. 
Thi. converts the discrinfititttor to an ordinary 

diode rectifier. Varying the signal-generator 
frequency over the channel, with the clis-
erin-iinator transformer suljusted to l'es' 'n 
sImpultIsho‘v no eliange in output ( at the' band-
widths used: or coninnenivat ions purposes) as 
indicated by I Ile rectified current r(•ad by the 
1neter. At this poin), various plate and screen 
voltages can lw tried on the limiter tube or 
tubes, to determine the set. of conditions which 
gives maximum out if it aclecptate limiting 
(no eliange in rectified ( airrent). 
When the limiter has been checked the 

diseriminator connections 11111 be restored, 
leaving the 1111.1er 11/1111lai ell ill Seril'S 'With PI. 
PP/V.1,1.11 ;.AifellItt 1.1/1. reVer,illg 

e0111WellultS to the meter terminals. to take 
care of the reversal in polarity of the net. recti-
fied current. Set file signal generator to the 
center frequeney of the band arid adjust the 
iliscriminatitr transformer trimmer c(inilensers 
to re,-awanee, will be indicated ley zero 
rectified etirrent. Then set the test oscillator at, 
the deviation limit (§ 5-I l) on one side of t he 
center frequeney, and note the meter reading. 
Reverse the meter terminals and set the test 
oscillator at tile IleViatiull iitnit on the other 
side. The t‘V» reading's should lie the same. If 
they are led, they can be so by a slight, 
adjustment ' f tilt . Pr' 111:1 ry trimmer. This \\ ill 
neressitatv reelwelsing the response al rc 
'la nce to make sure it is still zero. Generally, 
the seeondary trimmer %till chiefly affeet t he 
zero-response frequency, while the primary 
trimmer will have most effect on the symmetry 
of the discriminator peal:s. A tletector eitry.e 
having sat isfm• b,ry linearity can be obtained 
by cut-and- try adiust (( lent . 1' both trimmers. 

Fig. 711 - 
In-riini• pill 1,1, in 

fan 1.f. 
Lt. 

rl•Sibun.,.. It - 
Its or- all charar. 
tri ale 

the. I'm,. de•te.e.eor. (A) (B) 
A vistml curve trarer is partiettlarly ad-

vantageous in aligning the 3vide-band i.f. 
amplifiers of f.m. receivers. The i.f, is first 
aligned with the discriminator circuit tam-
yelled into an n.ni.(hode detector, : Is deseribeel 
above, the pattern appearing as in 71I- A. 
The over-all charaeteristie, incltuling the f.m. 
detector, is slim\ t, in 15g, 711-13. 
 g. cfml — An f.nt. reeeiver 

gives great Ulilen the earlier 

tuned exae't ly to the center of the receiver 
pass-band and to the point of zero respoliSe in 
the diseriminator, lierause of the (lecrease in 
noise, this point is readily revognized. 
When an amplitude-modulated signal is 

tuned in its moilulation practically disappears 
at exart resonance, ' oily those n(msymmetrieal 
mi,dulation (mnip(ments whieh may be present, 
being defected. If the signal is to one side or 
tlw it her of resonance, however, it is capable of 
causing interference to an f.m. 



Chapter Eight 

Power Supply 
411, 8-1 Power-Supply Requirements 

Filament supply — Except for tubes de-
signed for battery operation, t he filaments or 
heaters of vacuum tubes used in both trans-
mitters and receivers are universally operated 
on alternating current obtained from the power 
line through a step-down transformer (§ 2-9) 
delivering a secondary voltage equal to the 
rated voltage of the tubes used. The trans-
former should be designed to carry the current 
taken by the number of tubes which may be 
connected in parallel (§ 2-6) across it. The 
filament or heater transformer generally is 
center-tapped, to provide a balanced circuit 
for eliminating hum (§ 3-6). 

For medium- and high-power r.f. stages of 
transmitters, and for high-power audit) stages, 
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 ‘vithout 
appreciable voltage drop. Maintenance of 
rated filament voltage is highly important, 
especially with thoriated-filament tubes, since 
tint ler- in over-voltage may reduce filament life. 

Plate supply — 1 )i rect current must be used 
for the plates of tubes, since any variation in 
plate current arising from power-supply causes 
will be superimposed on the signal being re-
ceived or transmitted, giving an undesirable 
type of modulation (§ 5-1) if the variations 
occur at an audio-frequency (§ 2-7) rate. Un-
varying direct current is culled pure d.c., to 
distinguish it from current which may be uni-
directional but of 1)1'1s:ding character. The use 
of pure d.e. on the plates of transmitting tubes 
is required by FCC regulations on all frequen-
vies bel ow 60 Mc. 

Sources of plate power— D.c. plate power 
is usually obtained from rectified and filtered 
alternating current, but in biw-iitiwer and 
portable install:di( ens may be secured frt tin 
batteries. Dry batteries may be used for very 
low-power portable equipment, but in many 
cases a storage battery is used as the primary 
power source, in conjunetitai with an inter-
rupter giving pulsating d.c. which is applied to 
the primary of :t step-up transformer §S-10). 

Rectified-HA-. supplies—Sinee the power-
line voltage ordinarily is 115 or 230 volts, a 
step-up transformer (§ 2-0) is used to obtain 
the desired voltage for the plates of the tubes 
in the equipment. The alternating sectondary 
current is ellanged to unidirectit and current 
by means of diode rectifier tubes (§ 3-1), and 

then passed through an inductance-capacity 
filter (§ 2-11) to the load circuit. The load re-
sistance in ohms is equal to the d.c. output 
voltage of the power supply divided by the 
current in amperes (Ohm's Law, § 2-6). 

Voltage regulation — Since there is always 
some resistance in power-supply circuits, and 
since the filter normally depends to a consider-
able extent upon the energy storage of induc-
tance and capacity (§ 2-3, 2-5), the output 
voltage will depend upon the current drain on 
the supply. The change in output voltage with 
change in load current is called the voltage 
regulation. It is expressed as a percentage: 

100 (E1 — E2) 
% Regulation — 

E2 

where E1 is the no-load voltage (no current in 
the load circuit) and E2 the full-load voltage 
(rated current in load circuit). 

E. 8-2 Rectifiers 
Purpose and ratings — A rectifier is a 

device which will conduct current only in one 
direction. The diode tube (§ 3-1) is used al-
most exclusively for rectification in d.c. power 
supplies used with radio equipment. The im-
portant characteristics of tubes used as power-
supply rectifiers are the voltage drop between 
plate and cathode at rated current, the maxi-
mum permissible inverse peak voltage, and 
the permissible peak plate current. 

Voltage drop— Tube voltage drop depends 
upon the type of tube. In vacuum-type recti-
fiers it increases with the current flowing be-
cause of 1)am-charge effect (§ 3-1), but can be 
minimized by using very small spacing between 
plate and cathode as is done in sonic rectifiers 
for receiver lit matt. supplies. Mercury-vapor 
rectifiers (§ 3-5) have a eonstant drop of about 
15 volts, regardless of current. This is much 
smaller than the voltage drops encountered in 
vacuum-type rectifiers. 

Inverse peak voltage— This is the maxi-
mu in voltage devebqied between the plate and 
cathode of the rectifier when the tube is not 
conducting; i.e., when the plate is negative 
with respect to the cathode. 

Peak plate carretet — This is the maximum 
insto itt,1 two us current through the rectifier. It 
ea n never he smaller than the load current in or-
dinary circuits, and may be several times higher. 
Operat . .of mercury-vapor rectifiers — 

Because of its enlist ant. voltage drop, the mer-
cury-vapor rectifier is more susceptible to 
damage than the vacuum type. With the 
latter, the increase in voltage drop tends to 
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limit current flow on heavy overloads, but the 
mercury-vapor rectifier does not have this 
limiting action and the cathode may be dam-
aged under similar conditions. 

In mercury-vapor rectifiers a phenomenon 
known as " arc-back," or breakdown of the 
mercury vapor and conduction in the opposite 
direction to normal, occurs at high inverse 
peak voltages, hence such tubes always should 
be operated within their inverse-peak voltage 
ratings. Arc-back also may occur if the cathode 
temperature is below normal; therefore the 
heater or filament voltage should be checked 
to make sure that the rated voltage is applied. 
This check should be made at the tube socket, 
to avoid errors caused by voltage drop in the 
leads. For the same reason, the cathode should 
be allowed to come up to its final temperature 
before plate voltage is applied; the time re-
quired for this is of the order of 15 to 30 sec-
onds. When a tube is first installed, or is put 
into service after a long period of idleness, the 
cathode should be heated for a period of 10 
minutes or so before application of plate 
voltage. 

1[1. 8-3 Rectifier Circuits 
Half-wave rectifiers— The simple diode 

rectifier (§ 3-1) is called a half-wave rectifier, be-
cause it can pass only half of each cycle of al-
ternating current. Its circuit is shown in Fig. 
801-A. At the top of the figure is a representa-
tion of the applied a.c. voltage, with positive 
and negative alternations (§ 2-7) marked. 

(A) 

(B) 

(C) 

fA\A\ÍA\il.3"\fi.\A\ 

Fig. 801 — Fundamental vacuusn-tube rectifier circuits. 

When the plate is positive with respect to 
cathode, plate current flows through the load 
as indicated in the drawing at the right, but 
when the plate is negative with respect to cath-
ode no current flows. This is indicated by the 
gaps in the output drawing. The output cur-
rent is unidirectional but pulsating. 

In this circuit the inverse peak voltage is 
equal to the maximum transformer voltage, 
which in the ease of a sine wave is 1.41 times 
the r.m.s. voltage (§ 2-7). 

Full-wave center-tap rectifier — Fig. 801-
B shows the " full-wave center-tap" rectifier 
circuit, so called because both halves of the a.c. 
cycle are rectified and because the transformer 
secondary winding must consist of two equal 
parts with a connection brought out from the 
center. When the upper end of the winding is 
positive, current can flow through rectifier No. 
1 to the load; this current cannot pass through 
rectifier No. 2 because its cathode is positive 
with respect to its plate. The circuit is com-
pleted through the transformer center-tap. 
When the polarity reverses the up perend of the 
winding is negative and no current can flow 
through No. 1, but the lower end is positive and 
therefore No. 2 passes current to the load, the 
return connection again being the center-tap. 
The resulting waveshape is shown at the right. 

Since the two rectifiers are working alter-
nately in this circuit, each half of the trans-
former secondary must be wound to deliver the 
full-load voltage; hence the total voltage across 
the transformer terminals is twice that required 
with the half-wave rectifier. Assuming negligi-
ble voltage drop in the particular rectifier 
which may be conducting at any instant, the 
inverse peak voltage on the other rectifier is 
equal to the maximum voltage between the 
outside terminals of the transformer. In the 
case of a sine wave, this is 1.41 times the total 
secondary r.m.s. voltage (§ 2-7). 

Because energy is delivered to the load at 
twice the average rate as in the case of a half-
wave rectifier, each tube carries only half the 
load current. 

Tite bridge rectifier — The " bridge" type 
of full-wave rectifier is shown in Fig. 801-C. 
Its operation is as follows: When the upper 
end of the winding is positive, current can flow 
through No. 2 to the load but not through 
No. 1. On the return circuit., current flows 
through No. 3 by way of the lower end of the 
transformer winding. When the polarity re-
verses and the lower end of the winding be-
comes positive, current flows through No. 4 
and the load and thr nigh No. I by way of the 
upper side of the transformer. The output 
waveshape is shown at the right. 
The inverse peak voltage is equal to the 

maximum transformer voltage, or 1.41 tintes 
the r.m.s. secondary voltage in the case of a 
sine wave (§ 2-7). Energy is delivered to the 
load at the same average rate as in the case of 
the full-wave center-tap rectifier, each pair of 
tubes in series carrying half the load current. 
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8-4 Filters 

Purpose of filter — As shown in Fig. 801, the 
output of a rectifier is pulsating d.c., which 
would be unsuitable for most vacuum-tube 
applications (§ 8-1). A filter is used to smooth 
out the pulsations so that practically unvary-
ing direct current flows through the load cir-
cuit. The filter utilizes the energy-storage 
properties of inductance and capacity (§ 2-3, 
2-5), by virtue of which energy stored in elec-
tromagnetic and electrostatic fields when the 
voltage and current are rising is restored to 
the circuit when the voltage and current fall, 
thus filling in the " gaps" or " valleys" in the 
rectified output. 
Ripple voltage and frequency— The pul-

sations in the output of the rectifier can be 
considered to be caused by an alternating 
current superimposed on a steady direct cur-
rent (§ 2-13). Viewed from this standpoint, 
the filter may he considered to consist of by-
pass condensers which short-circuit the a.c. 
while not interieging with the flow of d.c., and 
chokes or inductances which permit d.c. to 
flow through them but which have high re-
actance for the a.e. (§ 2-13). The alternating 
component is called the ripple. The effective-
ness of the filter may be measured by the per 
cent ripple, which is the r.m.s. value of the 
a.c. ripple voltage expressed as a percentage 
of the d.c. output voltage. With an effective 
filter, the ripple percentage will be low. Five 
per cent ripple is considered s:itisfactory for c.w. 
transmitters, but lower values (of the order of 
0.25 per cent ) are necessary for hum-free speech 
transmission and for receiver plate supplies. 
The ripple frequency depends upon the line 

frequency and the type of rectifier. In general, 
it consists of a fundamental plus a series of 
harmonics (§ 2-7), the latter being relatively 
unimportant since the fundamental is hardest 
to smooth out. With a half-wave rectifier, the 
fundamental is equal to the line frequency; 
with a full- wave rectifier, the fundamental is 
equal to twice the line frequency, or 120 cycles 
in the case of a 60-cycle supply. 

Types of filters — Inductance-capacity fil-
ters are of the low-pass type (§ 2-11), using 
series inductances and shunt capacitances. 
Practical filters are identified as condenser-
input and choke-input, depending upon whether 
a capacity or inductance is used as the first 
element in the filter. Resistance-capacity 
filters (§ 2-11) are used in applications where 
the current is very low and the voltage drop in 
the resistor can be tt dented. 

Bleeder resistance— Since the condensers 
in a filter will retain their charge for a eonsid-
erable time after power is removed (provided 
the load circuit is open at the time), it is good 
practice to connect a resistor across the output 
of the filter to discharge the condensers when 
the power supply is not in use. The resistance 
usually is high enough so that only a relatively 
small percentage of the total output current 
is consumed in it during normal operation. 

Components— Filter condensers are made 
in several different types. Electrolytic con-
densers, which are available for voltages up to 
about 800, combine high capacity with small 
size, since the dielectric is an extremely thin 
film of oxide on aluminum foil. Condensers 
for higher voltages usually are made with a 
dielectric of thin paper impregnated with oil. 
The working collage of a condenser is the volt-
age which it will witi stand continuously. 

Filter chokes or induetances 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 (§ 2-5) 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 t he 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 load value. 

C. 8-5 Condenser-Input Filters 

Ripple collage— The conventional con-
denser-input filter is shown in rig. 802-A. No 
simple formulas are available for. computing 
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Fig. 802 — Condenser-input filter circuits. 

the ripple voltage, but it will be smaller as both 
capacity and inductance are made larger. Ade-
quate $moothing for transmitting purposes can 
be secured ley using 4 to 8 pfd. at C1 and C2 and 
20 to 30 lwnrys at 1.1, for full-wave rectifiers 
with 120-cycle ripple (§ 8-4). A higher ratio of 
inductance to capacity may be used at higher 
load resistances (§ 8-1). 

For receivers, as shown in Fig. 802-B, an ad-
ditional choke, L2, and condenser, Ca, of the 
same approximate values, are used to give ad-
ditional smoothing. In such supplies the three 
condensers generally are 8 dd. each, although 
the input condenser. CI, sometimes is reduced 
to 4 pfd. Inductances of 10 to 20 henrys each 
will give satisfactory filtering with these 
capacity values. 

For ri 'i''' frequencies other than 120 cycles, 
the inductance :I ml capacity values should be 
mult iplied by the ratio 120 /F, where F is the 
actual ripple frequency. 
The bleeder resistance, R, should be chosen 

to draw 10 per cent or less of the rated output 
current of the supply. Its value is equal to 
1000E/I, where E is the output voltage and I 
the bleeder current in milliamperes. 
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Rectifier peak current — The ratio of 
rectifier peak current to average load current 
is high with a ndenser-input filter. Sinai! 
rectifier tubes designed for low- voltage sup-
plies (type 80, etc.) generally carry load-cur-
rent ratings based on the use of condenser-
input filters. Wit li rectifiers for Iiigher power, 
such as the SUC) SGG-A, the load current should 
wit exceed '25 per cent of the rated Ifeak fdate 
current for one tube when a full-wa‘r rec-
tifier is used, or taw-eighth the half-wave 
rating. 
Output voltage — The (I.e. output voltage 

front a condenser-input supply will, with light 
loads or no h approarh the peak trans-
former voltage. This is 1.41 times the r.m.s. 
voltage (§ 2-7) tri t he transformer secondary, 
in the case of Figs. Sol-A and C, or 1.41 times 
the voltage from the venter-tap to one cell of 
the serf mdary in Fig. 801-1', At heavy loads, it 
may derreasp te t•he mirage value of seconda ry 
voltage or stInatt 110 per rent of the r.m.s.vit-
age. or even less. Iterause of this with range of 
output voltage with load current, the voltage 
regulation ! s-1) is inherently poor. 
The out put voltage obtainable front a given 

supply cannot readily be raleulated, since it 
depends critirally upon the load rurrent and 
filter constants. Under average conditions it 
will be approximately equal 1 ..{) or somewhat 
less than the r.m.s. voltage between the center-
tap and one end of the secondary in the full-
wave center-lap reetifier circuit (§ 8-3). 

Ratings of / »nib iecause the out-
put voltage may rise to the peak transformer 
voltage at light loads, the tafinlensers should 
have a working-voltage rating (§ 8-4) at least 
as high and preferably somewhat higher, as a 
safety factor. Thus, in the case of a renter- lap 
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, or preferably a 
1000-volt, condenser shoult1 be used. Filter 
chokes should have the inductance specified 
at full-load current, and must have insulation 
between the winding ate I the eore adequate to 
‘vithstand the maximum f rut put voltage. 

e 8-6 Choke-Input Filters 

Ripple voltage — ' rite circuit of a single-
seet ion ehoke-input filter is shown in Fig. 
803-A. For 120-cyrle ripple, in t•lose approxi-
mation of t he ripple to be e\perted out-
put of the filter is given by t he formula: 

Single 1 100 
Sertion Ripple = — 

LC Filter J 

where L is in henrys and C in at!. The product, 
LC, must Is' eiptai to or greater t ban 20 to re-
duce t he ripple to 5 per rent or less. This figure 
tcptcsen fs, in most rases, the economical limit 
for the single-section filter. Smaller pereent-
ages of ripple usually are more err nomically 
obtained with the two-section filter of Fig. 

803-Ii. The ripple percentage ( 120-cycle ripple) 
wit h this arrangement is given by the formula: 

Twi,  650  
Section } c/j, Ripple = LIL2 (C1 (,*2)2 
Filter 

For a ripple of 0.25 per cent or less, the de-
nominator should be 2000 or greater. 

These formulas van lie used fur ot her ripple 
frequenries by multiplying each inductance 
and capacity value in the filter by the ratio 
120 W here is the actual ripple frequency. 
The dit ribution of inductance and capacity 

in the filter will he determined by the valta! of 
input-ehoke inductanre required ( next para-
graph), and the per a.e. outItut inn-
Item a nee. If the supply is intended for use with 
an audio-frequency amplifier, the reactance 
(§ 2-8) of the last filter condenser should be 
small ( 20 per rent e er less) compared to the 
other tif. resistance or impedance in the cir-
cuit, usually the tithe plate resista nee and load 
resistance (§3-2, 3-3). On the hasis ( df a lower 
m.f. limit of 100 cycles for speech amplification 
§ 5 ! f!, this condition is usually satisfied when 
t output capavity ( last filter capacity) of the 
filter is 4 to 8 dd., the higher value being used 
for the lower tube and load resistances. 

Go !roe., L, 0 C. 
..,ect 'Meld 

St NeL E • SF.CrioN 
80:1 - CI toke-
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The input choke — The rectifier peak cur-
rent and the power-supply voltage regulation 
depend almost entirely upon the induetattee of 
the input choke in relation to the load resist-
ance (§ 8-1). 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 front rising above the average 
value (§ 2-7) of the zt.c. voltage applied to the 
rectifier. For both purpfzses, its impedance 
(§ 2-8) to the flow of the a.c. uomponent 
(§ 8-4) must be high. 
The value of in put-rhote inductance which 

prevents the dc. output v.dtage from rising 
above the average of the ref•tified a.c. wave is 
the erilical induclanee. Mir 120-eyrie riplde, it 
is given by the approximate formula: 

Load resistance (ohms) 
Lan. — 

1000 

For other ripple frequencies, the induetance 
required will be the above value multiplied by 
the ratio of 120 to the :plied ii pide frequency. 

With inductanee values muss than critical, 
the fl.e. output voltage will rise because the 
filter tends to net as a coffilenser-input filter 
(§ 8-5). With critical inductance, the peak 
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plate current of one tube in a center-tap recti-
fier 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 aver-
age plate current, and represents the point at 
which further increase in inductance does not 
give correspondingly improved operating char-
acteristics. 
Swinging chokes— The formula for criti-

cal inductance indicates that the inductance 
required varies widely with the load resistance. 
In the case where there is no load except the 
bleeder (§ 8-4) on the power supply, the criti-
cal inductance required is highest; much lower 
values are satisfactory when the full-load cur-
rent is being delivered. Since the inductance of 
a choke tends to rise as the direct current 
flowing through it is decreased (§ 8-4), it is 
possible to effect an economy in materials by 
designing the choke to have a " swinging" char-
acteristic such that it has the required critical 
inductance value with the bleeder load only, 
and about the optimum inductance value at 
full load. If the bleeder resistance 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. 
Resonance — Resonance effects in the series 

circuit across the output of the rectifier which 
is formed by the first choke ( L1) and first filter 
condenser (CO must be avoided, since the 
ripple voltage would build up to large values 
(§ 2-10). This not only is the opposite action 
to that for which the filter is intended, but 
also may cause excessive rectifier peak cur-
rents and abnormally high inverse peak volt-
ages. For full-wave rectification the ripple fre-
quency will be 120 cycles for a 60-cycle supply 
(§ 8-4), and resonance will occur when the 
product of choke inductance in henrys times 
condenser capacity in microfarads 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 equation: 

(h, + /L) (RI -I- R2) 
= 0.9Et — 1000 E, 

where E. is the output voltage; Ee 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 ease of the center-tap rectifier); 
lb and IL are the bleeder and load currents, 
respectively, in milliamperes; R1 and 112 are 
the resistances of the first and second filter 
chokes; and E, is the drop between rectifier 
plate and cathode (§ 8-2). These voltage drops 
are shown in Fig. 804. 
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At no load /L is zero, hence the no-load 

voltage may be calculated on the basis of 
bleeder current only. The voltage regulation 
may be determined from the no-load and f ull-
load voltages (§ 8-1). 

Fig. 804 — Voltage drops in the imuer-sispply circuit. 

Ratings of components— Because of bet-
ter voltage regulation, filter condensers are 
subjected to smaller variations in d.c. voltage 
than in the condenser-input filter (§ 8-5). How-
ever, it is advisable to use condensers rated for 
the peak transformer voltage in case the bleeder 
resistor should burn out when there is no ex-
ternal load on the power supply, since the 
voltage then will rise to the same maximum 
value as with a condenser-input filter. 
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 
place, lin 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. 

e 8-7 The Plate Transformer 

Ors/put voimge — The o ttput voltage of 
the plate transformer depends upon the re-
quired (I.e. 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 volt age drops in the rectifier 
tubes and filter chokes as well as ill the trans-
former itself. The full-wave center-tap rectifier 
requires a transformer giving this voltage 
each side of the secondary center-tap (§ 8-3). 
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: 

— 1.1 [E. -I- /(Ri + R2)  1000 4- el 

where E. is the required d.c. output voltage, 
/ is the load current (including bleeder current) 
in milliamperes, 11 and 112 are the resistances 
of the filter chokes, and E, is the voltage drop 
in the rectifier. Ei is the full-load r.m.s. (§ 2-7) 
secondary voltage; the open-circuit voltage 
usually will be 5 to 10 per cent higher. 

Volt-ampere rating—The volt-ampere rat-
ing (§ 2-8) of the transformer depends upon 
the type of filter (condenser or choke input). 
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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 consumed 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 in-
ductance (§ 8-6), the secondary volt-amperes 
can be calculated quite rlosely by the equation: 

Sec. V.A. = 0.00075 El 

where E is the total r.m.s. volt age of the sec-
ondary (between the outside ends in the case 
of a center- tapped winding) and I is the (l.c. 
output current in milliamperes ( h)ad current 
plus bleeder current). The primary vi dt-
amperes will la. 10 to 20 per cent higher because 
of transformer losses. 

C.. 8-8 Voltage Stabilization 

Gaseous regulutfir t — There is fre-
quent riee,1 for maintaining the voltage applied 
to a low-voltage low-current circuit (such as 
the oscillator in a superhet receiver or the fre-
quency-cont rolling oscillator in a transmitter) 
at a practically constant value, regardless of 
the voltage regulation of the power supply or 
variations in load current. ln such applica-
tions, gaseous regulator tubes ( VR105-30, 
VR150-30, etc.) can be used to good advan-
tage. The voltage drop across such tubes is 
constant over a moderately wide current 
range. The first number in the tube designa-
tion indicates t he terminal voltage, the second 
the maximum per I issible tulw current. 
The fumla mental circuit for a gaseous regu-

lator is shown in Fig. 805-A. The tube is con-
nected in series with a limiting resistor, RI, 
across a sourie of voltage which must be 
higher than the starting vidtage, or voltage 
required for ionization of the gas in the tube. 
The starting voltage is about 30 per cent higher 
than the operating voltage. The lo:ol is con-
nected in parallel with the tube. For stable 
operation, a minimum tube current of 5 to 10 
ma. is required. The maximum permissible 
current wit t just types is 30 ma.; consequently, 
the load current cannot exceed 20 to 25 ma. 
if the voltage is to be stabilized over a range 
from zero to maximum loail eurrent. 
The va hie of the limiting resistor must lie 

between that which just permits minimum 
tube current t ce flow and that which just passes 
the maximum permissible tube current when 
there is no load current. The latter value is 
generally used. It is given by the equation: 

R - 1000 (E, - E,) 

where R is the limiting resistance in ohms, 
E. is the voltage of the source across which the 
tube ami resistor are connected, E, is the rated 
voltage drop across the regulator tube, and 
I is the maximum tube current in milliam-
peres (usually 30 ma.). 

Fig. 805-B shows how two tubes may be 
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Fig. 805 — Vol/age-stabilizing circuits using V It tubes. 

used in series to give a higher regulated volt-
age than is obtainable with one, and also to 
give two values of regulated voltage. The lim-
iting resistor may be calculated as above, using 
the sum of the voltage drops across the two 
tubes for E,. Since the upper tube must carry 
more current than the lower, the load con-
nected to the low-voltage tap must take small 
current. The total current taken by the loads 
on both the high and low taps should not ex-
ceed 20 to 25 milliamperes. 

Voltage regulation of the order of 1 per cent 
can be obtained with circuits of this type. 

Electronic collage regalat . — 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. 806. A high-gain voltage amplifier tube 
(§ 3-3), usually a sharp cut-off pentode (§ 3-5) 
is connected in such a way that a small change 
in the output voltage of the power supply 
causes a change in grid bias, and thereby a cor-
responding change in plate current. Its plate 
current, flows through a resistor ( 115), the volt-
age drop across which is used to bias a second 
tube — the " regulator" tube -- whose plate-
cat hode circuit is connected in series with the 
It circuit. Tim regulator tube therefore func-
tions as an automatically variable series re-
sistor. Should the output voltage increase 
slightly the bias on t he cinitrol tube will become 
more positive, causing the plate current of the 
control tube to increase and the drop across 
R5 to increase vorrespondingly. The I)ias 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 system is the use of a 

constant-voltage bias source for the control 
tube. The voltage ehange which appears at the 
grid of the tube is the difference between a 
fixed negative bias and a positive voltage 
which is taken from the voltage divider across 
the output. Ti) get the most effective control, 
the negative bias must not vary with plate 
current. The most satisfactory type of bias is 
a dry battery of 45 to 90 volts, but a gaseous 
regulator tube (VR75-30) or a neon bulb of the 
type without a resistor in the base may be used 
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instead. If the gas tube or neon bulb is used, a 
negative-resistance type of oscillation (§ 3-7) 
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-
amperes is a safe value for the 2A3. Two or 
more regulator tubes may be connected in 
parallel to in rrease the current-carrying capac-
ity, with no vininge in the circuit. 

41. 8-9 Bias Supplies 

Requirements — A bias supply is not called 
upon to deliver current to a load circuit, but 
simply to furnish a fixed grid voltage to set the 
operating point of a tube (§ 3-3). However, in 
most applications it is nevertheless true that 
current flows through the bias supply, because 
such supplies are used chiefly in connection 
with power amplifiers of the Class-B and 
Class-C type, where grid-current flow is a 
feature of operation (§ 3-4). In circuit design 
a bias supply resembles the rectified-a.c. plate 
supply (§ 8-1), having a transformer-rectifier-
filter system employing similar circuits. Bias 
supplies may be classified in two types, those 
furnishing only protective bias, intended to pre-
vent excessive plate current flow in a power 
tube in ease of loss of grid leak bias (§ 3-6) 
from excitation failure, and those which fur-
nish the actual operating bias for the tubes. 
In the former type, voltage regulation (§ 8-1) 
is relatively unimportant; in the latter it may 
be of considerable importance. 

Fig. 806 — 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; Rs, 25,000 ohms; Rs, 10,000. 
ohm potentiometer; Rs, 5000 ohms; Rs, 0.5 megohm. 
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In general, a bias supply should have well-

filtered d.c. output, especially if it furnishes 
the operating bias for the stage, since ripple 
voltage may modulate the signal on the grid 
of the amplifier tube (§ 5-1). Condenser-input 
filters are generally used, since the regulation 
of the supply is not a function of the filter. 
The constants given in § 8-5 are applicable. 

Voltage regulation — A bias supply must 
always have a bleeder resistance (§ 8-4) con-
nected across its output terminals, to provide 
a d.c. path from grid to cathode of the tube 
being biased. Although the grid circuit takes 
no current from the supply, grid current flows 
through the bleeder resistor and the voltage 
across the resistor therefore varies with grid 
current. This variation in voltage is practically 
independent of the bias-supply design unless 
special voltage-regulating means are used. 

Fig. 807— Supply for furnishing protective bias to a 
power amplifier. The transformer, T, should furnish peak 
voltage at least equal to the protective bias required. 

Protective bias — This type of bias supply 
is designed to give an output voltage sufficient 
to bias the tube to which it is applied at or 
near the plate-current cut-off point (§ 3-2). A 
typical circuit is given in Fig. 807. The re-
sistance, RI, is the grid-leak resistor (§ 3-6) for 
the amplifier tube with which the supply is 
used, and the normal operating bias is devel-
oped by the flow of grid current through this 
resistor. R2 is connected in series with RI across 
the output of the supply, to reduce the voltage 
across RI, when there is no grid-current flow, 
to the cut-off value for the tube being biased. 
The value of R2 is given by the formula: 

Et —  
R2 — X R1 

where E 1 is the output voltage of the supply 
with R2 and R1 in series as a load, E c is the 
cut-off bias, and R1 is as described above. 
When such a supply is used with a Class-C 

amplifier, the voltage across RI from grid-
current flow will normally be higher than that 
from the bias supply itself, since the latter is 
adjusted to cut-off while the operating bias 
will be twice cut-off or higher (§ 3-4). In some 
cases the grid-leak voltage may even exceed 
the peak output voltage of the transformer 
(1.41 times half the total secondary voltage, in 
the circuit shown). The filter condensers in 
such a bias supply must, therefore, be rated to 
stand the maximum operating bias voltage on 
the Class-C amplifier, if this voltage exceeds 
the nominal output voltage of the supply. 

Voltage stabilization — When the bias 
supply furnishes operating rather than simply 
protective bias, the value of bias voltage 
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should be as constant as possible even when 
the grid current of the biased tube varies. A 
simple method of improving bias voltage 
regulation is to make the bleeder resistance 
low enough so ti iat. the current thniugh it from 
the supply is several times the maximum grid 
eurrent to lie expected. By this means, the per-
centage variation in current is reduced. This 
method requires, however, that a vonsiderable 
amount of power be dis-ipated in the bleeder, 
which in turn calls for a relatively large power 
transformer and filter choke. 

Bias-voltage variatirm may also be redueed 
by means of a regulator tube, as shown in Fig. 
808. The regulator tube usually is a triode 
having a plat eseurrent rat ing adequate I it earry 
the expeeted grid current. It is cat it' 

808 — Auto-
matic soltag(' reg-
ulator for Ida- -up-

4,1. bv.t 
operation the lobe 
used should he one 
liaiing high lllll tual 
enisiluctanee (§ 3-2). 

(§ 3-6) by the resistor, IIi, whieh is of the fuller 
of several hutolreti thousaml ohms or a few 
inegi thins, so that with no grid curreot the t 
is biased praetically to cut-off. Because t if this 
high resistance, Hie grid current will flow 
through the plate resistance of the regulator 
tube, which is eomparat ively low, rat her than 
through RI anti 112; hence the vidtage from 
the supply, arritss 111 atol the catlooll-plate 
circuit of the regulator tube in series, can be 
considered constant. The bias voltage is equal 
to the voltage lass t t trite alone. W lien grid 
current flows. he ‘roltage across the t ulie will 
tend to increase: hence t lie drop ail ., iss NI de-
creases, lowering the hias on the regulator 
and reducing its plate ru-i.-11 nip. This, in turn, 
reduces the tube voltage iirop, and the bias 
voltage tends to renntin constant Over it fairly 
wide range of grid current values. 

At. low bias voltages it may be necessary to 
use a number of tubes in parallel to get suffi-
cient variation of plate resistance for good 
regulating action. The bias supply must fur-
nish the required bias vi >tinge plus the volt age 
required to bias the regulator tube to cut-off, 
considering t he out put bias voltage as t plate 

voltage applied to 1 he regulator. The i•urri 
taken from the bias supply is negligible. 112 
may be tapped to provide a range of bias volt-
ages to meet different tube requirements. 

Multistage bias supplies— Where several 
power amplifier tubes are to be biased from a 
single supply, the varhius bias circuits must be 
isolated by some means. If the grid currents 
of all stages should flow through a single 
bleeder resisti ir. a variation in grid current in 
one stage would change the bias on all, a 
condition which would interfere with effective 
adjust ment and operation of the transniitt or. 
When protective bias is to be furnished 

several stages, the circuit arrangement of Fig, 

809— Isolat-
ing eireuit tor I-
GO,. bias suppb. 

809, using rectifier tubes to isolate the individ-
ual grid-leaks of the various stage,, nely be 
employed. In the I li:1 t wit t-pe 80 recti-
fiers are used to furnish bias to four stages. 
Each pair of resistors (it'd/2) constitutes a 
separate bleeder : Len's:, the bias supply. RI is 
the grid-leak for t he biased stage: / i'2 is a drop-
ping resistor to adjust the voltage ;Jenks 
to the c lit-off value (without grid-curr('nt 
flow) for t he hia,vil tube. The values of RI and 
/1'u. may be calculated as described in the para-
graph on protertive bias. In this case, t he bias 
supply shield(' ili•signed to have inherently 

voltage rigluilt him ; i.e., a (. 1101:e-input 
filter with appropriate filter and bleeder con-
uants (§ s- ii) should be used, the bleeder being 
separate from those associated with the rec-
tifier tubes. When the voltage across /,', 112 
rises because of grid-current flow t hrough 
the load on the supply will vary (11(.11(4t the 
necessity for good voltage regulation in the 
supply), but, t here is ito interaction of grid cur-
rents ill the separate bleeders because the 
rev! ifiers van pass current only in (ene direel 

%nett a single suppl>• is to furnish operating 
bias for several stages, a separate regulator-
tube ('ireuit ( Fig. 808) inav be used for earli 
one. Endividual voltages for the various stages 
can be ohtaitiVd by appriipriate taps on 

Well-rigulated bias for several stagis may 
be obtained by the use of gaseous regulatit.r 
tubes, when the voltage and current ratings of 
the tubes permit t heir use. This is shown in 
Fig. 810. A single tube or two or more in series 
i•an l.te used to give the desired bias-voltage 
drop; the bias supply voltage must be high 
eneugh tir prii‘•ii le starting voltage for the 
tubes in series. RI is t he protective resistance 
(§ 8-8); its value shiitild be calculated for mini-
muni stable tube current.. The maximum grid 
current that. can be handled is 20 to 25 milli-
amperes with available regulator tubes. 

From 
Supp& 

40— 

Fig. RIO — Use of VIZ tidies to stabilize liias voltage. 
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418-10 Miscellaneous Power-Supply 
Circuits 

Voltage (liritlers — A voltage divider is a 

resistor connected across a iurce of voltage 
:ind tapped :it appropriate points (§ 2-('t). 
Since the voltage at any I:1p depends upon the 
eurrent drawn from the tap, the ‘'oltage regu-

lation (§ 8-1) is inherently poor. Hence, a volt-

age divider is best suited to applications where 

t he currents drawn ani constant.. 10' Whery St•pa-
voliage-regulating circuits (§ are uspil 

ttt i'011110.0Sate 1.01' VititaUt . Variati011S at the 

taps. 
A typical voltage-diviih•r arrangement is 

shown in Fig. 811. 'File terminal voltage is E, 
and two taps are provided to give lower volt-
ages, /t tutu It.2, at alld / 2 l'r>10 .1.-

IIVtly. The $ 10:111(0' r('>i'-tallee 104W(`(.11 

tap:, ill 111'())011t011 t0 till' total resistance, the 
smaller the voltage between the taps. For con-
venience. the voltage divider in the figure is 

tO I0` Ilp Sip:trail` 

112, 10`tWut'll taltS. // 1 t';IIT;US 

only the bleeder current, //,. ./e2 carries I itt 
addition to b.: /,'.; carries J. I and I,- ealru-
late the resistances required, a bleeder current, 

Fi ‘2. 811 — Typical 

lehage-dividereireuit. 

Ri Et 

E2 ti 
R2 = 

I. -4 It 

E2 
I II + 12 

E 

Ez 

it., must be assumed; generally it is linv com-
pared to the total load current (10 i)Pr vent Or 
Silt. Then tIn• rut! \-:t 1 in,: unit be calculated 
as shown hub , w, I being in aroperes. 
The method may be extended to any de-

sirtni number .)f tap-, each resistatire section 
being calculated by don's Law (§ 2-1i) using 
the voltage drop acr.)ss it and the total current 
through it. The piwer dissipated by each sec - 
tion may be calculated by multiplying / and 

Traftsforwerless plaid' supplies — The line 
voltage is rectified directly, without a st('p-up 
power transformer, for certain applications 
¡such as some types of recei\-ers) \diem the low 
voltage SO obtained is satisfactory. A simple 
power sol)PlY of this Va ' tif V. often the 

type, is shown to Fig. 512. Uout ifier 
tubes for this purpose have heaters operating 
at relatively high voltages ( 12.1), 25, -15, 50, 
70 or 115 which can lie ..onnected across 
the it.e, lint. in series ‘vith ot her t uln• filaminits 
and, or a resistor. /,', of suitable value to limit 
tIte current t.) the rated value for the tubes. 
The lia lf- wa.‘•() eji•enii sh),m) has t f u unla - 

men( a ripple frequency equal to t lie lint. fre-
quency (§ 8-.1) and hence requires more in-

duct:owe and capacity in the filter for t given 

ripple percentage (§ 8-5) than the full- wave 
rev ti fier. A condenser-input filter generally is 
used. The input condenser should be at least 
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16 pfd. and preferably 32 or 40 pfd., to keep 

the out. Pitt vi )11 age Iligh and to iinprove voltage 

regulatiim. Frequently a seeond filter section 

(§ 8-5) is sullirient to provide smoothing. 

05,.0 OC otp.e 
 o 

Fig. 812 - 'elate suprl, is ith half-wave 
rectifier. Othu r   tuts are   t. d iii ,.t ri. with R. 

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. Iteceivers using an sup-
ply usually are grounded through a low ca-

pacity ( 0.05 '41*(1.1 condenser, ti) avoid short - 
circuiting the line should the line plug be 

inserted in the Si Ii' the wrong way. 

i-Olifige ultiolier circuits — Transformer-
less v..ltage multiplier circlets make it pi issible to 
obi ain . 1.c. voltages higher t nut the line voltage 

,:t011-111) ft\' : 1111.1'-

llati'ly charging t wo or more condensers to the 
peak line voltage nit.1 allowing them to discharge 
in series. the total output voltage becomes the 
sum of the voltages appearing across the in-

The require(' , w it ehi lig 

operation is performed automatic:illy by diode 
rectifier tubes associated with the condensers. 
A half-wave voltage doutder is shown in 

Fig. In titis circuit when the plate 
of the It diode is positive the tube passes 
current charging t'i to a voltage equal to the 

peak line voltage less the tilbe drop. When the 
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 ellarging C2. Cu. however, 

does not receive its full charge because it be-

I/5V 
AC 

(A ) 

c, 

Ils V 
A C 

(6) 

813 — Voltage  Itiplier eireuits. A, lualf-‘, a ve 
suultage doubler. 11, full-wave doubler. C, tripler. 
quadrupler. Dual diode rectifier lulu, ma> lue 
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Fig. 814 — Curves slalom in g the 41.0. out voltage and 
the regulation under load for voltage-multiplier circuits. 

gins discharging into the load resistance as 
soon as the upper ( thole beromes conductive. 
For titis 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 dimbler a t B is more 

popular than the half- wave type. One diode 
charges C1 when the polarity bet ween its plate 
and cathode is pic.itive while the of her section 
charges C2 wIten the line polarity reverses. Titus 
eacit condenser is charged separately to the 
same d.e. voltage, and the two discharge in 
series into the load circuit. The ripple frequency 
with the full-wave doubler is twice the line fre-
quency (§ 8-1). The voltage regulation is in-
herently poor and depends critically upon t lie 
capacities of C4 and C2, being better as these 
capacities are made larger. A typical supply 
with 16 gfd. at C1 and C2 will have an out put 
voltage of approximately 300 at light loads, as 
shown in Fig. 814. 

Tite voltage triplet. in Fig. 813-C comprises 
four diodes ill a full-wave doubler and full-
wave rectifier combination. The ripple frequency 
is that of the line as in a half-wave circuit. be-
cause of the unbalanced arrangement, but the 
output to the first filter condenser is very 
nearly three times the line voltage, and t lit reg-
ulation is better than in other voltage mul-
tiplier arrangements. as shown in Fig. 811 

Fig. 813-1 is it voltage quadruplet. with two 
half-wave doublers cunnected in series. lis-
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. 

In the circuits , of Vig. C2 should llave 
working voltage rating of : tt volts and CI of 

250 volts for a 115- volt line. Their capacities 
should be at least 16 mid. each. Subsequent 
filter condensers must, however, wit hstand 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-

pacity should be small (0.05 pfd.), since it is in 
shunt from plate to cathode of one rectifier. 
Duplex plate supplies — In some cases it 

may be advantageous economically to obtain 
Iwo plate-supply voltages from a single power 
supply, making one or more of the components 
serve a double purpose. Circuits of this type are 
sill/MI in Figs. 815 and 816. 

In Fig. 815, 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 
taps should not exceed the d.c. ratings of the 
rectifier tubes and transformer. Filter values 
for each tap are computed separately (§ 8-6). 

Fig. 815 — I ha-
plex plate slip-
ply, delivering 
two output volt-
age... looth with 
good regulation. 

001 

M.V. 

•LV 

Fig. 816 shows how a transformer with 
in tilt i pie secondary taps may be used to obtain 
lotit high and low voltages simultaneously. A 
separate full-wave rectifier is used at each tap. 
The filter chokes are placed in the common 
negative lead, but separate filter condensers 
are required. The sum of the currents drawn 
from each tap must not exceed the transformer 
rating. and the chokes must be rated to carry 
the total litad iuu-rent. Each bleeder resistanee 
should have a value in ohms 1000 times the 
maximum rated inductance in henrys of the 
swinging choke, LI, for best regulation (§ 8-6). 

Fig. 8110 Po v er supply in (shirk a si ogle transformer 
and set of chokes serve for two, different output voltages. 

Reel ifiers in parallel — Vacuum-type recti-
fiers nety be connected in parallel ( plate to 
plate and cathode to at hode) for higher eur-
rent-carrying capacity tvith no circuit changes. 
When mercury-va or reetifiers are connected 

in parallel, slight lifTerences in tube character-
istics may make one ionize at a slightly lower 
voltage than the other. Since the ignition volt.-
age is higher than the operating -voltage the 
first tube to ionize carries the whole load, as 
the voltage drop is then too low to ignite the 
second tube. This can be prevented by connect-
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ing 50- to 100-ohm resistors in series with each 
plate, thereby insuring that a high-enough 
voltage for ignition will be available. 

Vibrator power supplies— The vibrator 
type of power supply consists of a special step-
up transformer combined with a vibrating in-
terrupter (vibrator). W hen tire unit is conneeted 
to a storage battery, plate power is obtained 
by passing current. from the battery thonigh 
the primary of the transformer. The circuit is 
made and reversed rapi.11y by the vibrator con-
tacts. interrupting the eurrent at regular inter-
vals to give a changing magnetie field which 
induces a voltage in the sect inda ry (§ 2-5). The 
resulting square-wave . 1.e. pulses in the pri-
mary of the transformer cause an all ernat ing 
voltage to be developed in the secondary. This 
high-voltage a. e. in turn is meet ified, either by a 
vacuum-tube reel ifier or by an additional syn-
chronized pair of vibrator contacts. The reeti-
fied out is pulsating d.c., which may lie 

filtered by onlinary means (§ 8-5). The simmt k-
ing filter can be a single-section affair, but the 
filter output capeteity should be fairly lat•ge — 
16 to 32 afd. 

Fig. 817 shows the two types of circuits. At. 

A is shown 1 he nonsYncier"D"us tYPe "l« vi lira-
tor. When the battery is disconneeted the 
reed is midway l'et ween the t \VI I contact s, 
touching twit her. On closing the battery circuit. 
the magnet coil pulls the n•ed into cent act 
wit h one contact point, causing rurrent to flow 
through the lower half of the transi,riner 
primary winding. Simult aneously, t he magnet 
coil is short-circuited, deCnergizing it, and the 
reed swings back. Inertia rallies the reed into 
contact with the upper point, eausing current, 
to flow through the upper liait of the trans-
former primary. The In:Iglu.' (• uil again is en-
ergized, and the cycle n•pt.tits it self. 
The synchronous circuit of Fig. 817-B is 

provided with an extra pair of contacts whirl' 
rectify the seeondary out put of the trans-
former, thus eliminat irig the need for a sepa-
rate reetifier tube. The s.,ondary i•enter-teip 
furnishes the positive output terminal %Own 
the relative polarities of primary and secon-
dary windings a n• eorreet. The proper cornier-
Bons may be determined by experiment. 
The buffer condenser, r2, air s' the trans-

former sevorulary absorbs the surges whieli 
occur on breaking the current, when the mag-
netic field collapses pract instantaneously 
and hence causes very high voltages to be 
induced in t he seeondary (§ 2-5). Wit hout this 
eondenser excessive sparking ( teeters at, the 
vibral or emit titis, shortening the vibrator life. 
Cern•et, values usually lie between 0.005 arid 

0.03 ¡dd. and for 250-300- volt supplies the con-
denser should be rated at 1500 to 2000 volts 
d.c. The exact capacity is critical, and should 
be determined experimentally. The opti 
value is that which results ih least battery cur-
rent for a given rectified d.c. output from the 
supply. In practice the value can be deter-
mined by observing the degree of vibrator 
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sparking as the capacity 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 Inure exact check on the operation can be 

secured with an oscilloscope having a linear 
sweep circuit which can be synchronized with 
the vibrator. The vertical plates should be con-
neeted ¿1(1', '55 the outside ends of the trans-
former primary winding to show the input 
voltage va veslut pe. Fig. 8184; shows an ideal-
ized trace of t he optimum t‘-aveform when the 
buffer capapity is adjusted to give proper op-
erat ion thonighout the life of the vibrator. The 
horizontal lines in the trace represent the volt-
age during t ti me the vibrator contacts are 
dosed, whirl' 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 capacity 
on t Inc pereentage of t ilt . In actual patterns the 
horizontal sectitnis are ! Hobe to droop somewhat 
bevause of the resistance drop in the battery 
lu•ads :IS the current Imilds up through the 
primary inductance ( Fig. 818-ll). 

Sparking at the vibrator contacts causes r.f. 
in ("hash. - which can be distin-
guished fin on hum by its harsh, sharper pitch) 
when used \vial a receiver. To minimize this, 
r.f. lilt ers are incorporated, consisting of RFC' 
and CI, in the bat ter' circuit and HFC2 with C3 
in the d.c. output circuit. Cr is usually from 
0.5 to 1 ad., a 50-volt rating being adequate. 
RFC' consists of about, 50 turns of No. 12 or 
No. 11 wound to abuinet half-inch diameter, 
large wire being required to carry the rather 
heavy bat Tory euro•nt within nuit mein(' loss of 
voltage. .\ eleike of these speeifient ions should 

»beating reed. 

C,T 
net Cod 

e., 

(A) 

RFC, 

tum-0 • 
ro smooth', 
"ter 

RFC 

MC, 

(B) 

• 
r° ;llter 

Fig. 817— Basic iylics v deal or power-supply circuits. 

lie adequate, but if there is persistent trouble 
with hash it may be benefivial to experiment 
with other siz, ' s. liank-wound chokes are more 
compact and give higher inductance for a given 
resistance. In t ho secondary filter, Cs may be of 
the order of 0111 to 0.1 tufd., and RFC2 a 2.5-
millihenry r.f. choke of ordinary design. 
A 100-add. mica condenser, connected 

from the positive output lead to the " hot" side 
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(E) (F) (G) (H) 
Fig. 8 iti t ilearacterist ic vibrator u a vefortees as viewed 
on tlee \. ideal titt',,r,tirai t race fer re:is! g• 

lOall; urrent flu,, - um- instant te s ilira ter Con - 
tart, open and re,nnv. annro‘iinalei 1111.1.1,-.1•011•I 
later ) fier - tandurd I I d• II' vibration fry, ) after 
interrupter arm it across for the next lialf-cy ele. 

ideal practical se as eform for induct load ( trans-
former primary ) is it h rerrect buffer capacit .e. C. mat.-
lieal approximation of It fer 10a111,11 111•4011011, 

I), satisfactory pram iced trace f.r nclirimou , 
(self-rectifying) sibratu,r under load; the peak- result 
from voltage drop in the• psi mar,. %sleet, the se...oilier) 
head is connected.. not from faulty oin•rat 

Faulty operation is indieated ils traces I.; t hrough II: 
effeei of insullieient buffering ea paci t s r, it tie lee 

taken for leenticing - conturu:). Tlie elm cough-
(100 1•\1 .1,-,..1% I buffering cap:wit i- Unheated bv. 
slim build- op ith rounded (.. ernvr, i•-pvcial4 on .. ..pen:. 

1,111›.•11 lis t et ,-../ 111:111 I ell !Ter 1.01111r111Ser 
E ) suit, ihra unloaded. C• 

--kipping". Id %, orn-cult ser eta-adjusted it 11 in-
terrupter making poor contieet 1;11 OM' II, -1.1111(.. 
ing- resulting fre llll uorement contacts iir l,,re•eiel. 
t: and II tosuall call for replacement of the s der:titer. 

of ti ts, o A o may be iimprio ii, ir I tiring 

hash its vent nin power supplies. .1 t ria I is neres-

sary to see whether Or 1101 it N rt• ,111 .111`,1. It 

Should be mounted right at. the output soeket. 
I.:totally as insportant as the hash filter is 

thorough shielding of t.he power supply and 

its connecting letols, since even a small pieve 

of ‘vire or inetalWI I ': i'liate uni nigh r. 1. to cause 

itItt`rfUrt`Ort" ill a sensit ive reveiver. 

Testing in eonneei ion with hash eillnination 

should be earried out wil h the supply opera t ing 

receiver. Situp the interferenee usually is 

up On the receiving. antenna leads by 

radiation from the supply ii er)li and ft's suit i he 

battery leads. Ii. is trlviettirir' I,, 1<eep t he supply 

atol battery as far from t he receiver as t he con-

fleeting cables will permit. Three Or four feet 

should be ample. The Inieropi it ette ri`111 iikOWISO 

X11011111 ix` kept. away from the supply and leads. 

The power supply should be built on tit metal 

chassis, Nvit 11 iii unshielded parts underneath. 

A bot tom plate to complete t shielding is ad-

visable. 'Ile t,ransformer case, vibrator cover 

and the metal shell of the tube all should he 

grounded to the chassis. If a glass tube is use(' 

it, should be enclosed in a tube shield. Tile 

battery leads should be evenly twisted, shire 

these leails art` IllOrr to radiate hash than 

any other part of a well-shielded supply. 

Experimenting with different va I in t,he hasli 

filters should (none after radiation friem the 

battery leads has beert rtnInced to a minintutn. 

Shielding the leads is not, particularly helpful. 

Line-roltage adjustment— In some loval-
ities fi te line voltage may vary considerably 

from t he nominal 115 volts as the load on the 

power system changes. Sinue it is desirable to 

operate tube equipment, part ieularly filaments 

and heaters, at constant voltage for. maximum 

life, a inettns of adjusting the line voltage hi the 

rated value is d('sirable. This ran be aceom-

plisheil t he rircuit shown its Fig. 819, utiliz-

ing a step-down transformer with a tapped 

serondary connected as an autotransfortner 

(§ 2-9). The seeondary preferably should be 

tapped in steps of two or three volts, and 

should have stlaieient tidal Voltage to e0M-

retest' t e for the widest variations eneountered. 

Depeniling upon the end of the serondary 

to which the line is contierted, the vtillage to 

the load ran be made either higher or lower 

than the line voltage. A secondary winding 

e: 11): 11,10 tif earrYing five amPeres will serve for 
binds up to 500 volt-a ! twerps on a 115-volt. line. 

l';e. 1;19 — hin...‘"nage 
1,1 111.e.•11-.1.1011 irs a tapped tme 
step-dime, amid ransformer. 

C. 8-11 — Emergency Power Supply 

Dry batteries — I o.y-vell batteries are ideal 
for emergeney reeei ver and lisw-po \ver trans-

mitter suptilies berause they provide steady. 

pure, dites' t rurrent. Their disadvantages are 

weight, high iniat, and limited current capabil-

ity. In addition, I hey ,,' ill lose their power even 

when sort in use it* allisweil st tool is for 

periods of a year or more. This mates them it-

ect moinieal ir 
Tattle I Chapter Eighteen gives servire life 

of representative types isf batteries for various 

current drains, based on intermittent servire 

simulating typiral operation. The continuous-
service life will be somewhat greater at, very 

low eurrent drains and from otte-lialf to two-

thirds the intermittent life at, higher drains. 

The serret of long battery life at normal cur-

rent drains lies in intermittent. operation. The 

duration of " on" periods should be reduced to 

a minimum. The more frequent the rests given 

tu dry-rell battery, the longer it will last. As an 

example, sate standard type will last, 50 per cent 

longer if it is operated for isertis of one min-

ute, with live- minute rest intervals, in 24-

hour intermittent. operation than if it is oper-

ated c,nitinitously fter fun,' lirnirs per day, 

although the aet led energy consumption in the 

24-hour period is the same its both cases. 

Storage batteries— The most universally 
acreptahle self-rontained power source is the 

stisragt battery. It has high initial capacit,y and 

ean be recharged, so that its effective life is 

practically indefinite. It can be used to provide 

filament or heater power directly, and plate 

power through associated devices such as 

vibrator-transformers, dynatnotors and gene-

motors, and a.e. converters. Vie emergency 
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work a storage battery is a particularly con-
venient power source, since such batteries are 
universally available. In a serious emergency 
it is possible to obtain 6- volt storage bat Juries 
Si) long as there are automobiles to borrow Ilium 
from, and for this reason the 6-volt storage 
battery makes an ( Attune''' unit around whielt 
to design a low-powered emergeney station. 

For maximum ellivieney and usefulness the 
power drain on the st( ( rage battery should not 
exeeed 15 or 20 amperes from the ordinary 
100- or 120-ampere-hour 6-volt battery. Ileavy 
connecting leads --Would be used to minimize 
the voltage drop; similarly. heavy-duty low-
resistance switches are required. 
I i bra for  'Cr supplies — For ptirtable 

or mobile w( irk, the imist. ((commit( source of 
power for both filaments and plates is the 6-
volt, nut ', mobile-1m st' nage battery. Vila, 
ments may be heated direet ly from t bat Ivry, 
while plate puwer N (,1)1,,ine,1 by passing (in._ 
rent from 1. he battery through I he Itritnary of 
a suitable transfornwr, interrupting it at regu-
lar intervals and reetifying the sec( anlary out-
put (§ 2-5) providing outputs as high as • 100 
Vi ( it at 200 ma. The high-voltage filter cirruit 
usually is identical with that of all equivalent 
power source operating from the a.c. line 
(§ S-5). Noise suppression filters, serving to 
minimize r.f. interference eaused by the vibra-
tor, are inctirporated in manufactured units. 
Although vibrator supplies are ordinarily 

used with ( 1- volt tubes, their use with 2- volt 
tubes is (futile possible provided additiimal fila-
ment filtration is incorporated. This filter may 
eginsist of a small low-resistanee iron-eore filter 
choke tir the voice-coil winding iif a speaker 
transformer. ii(•lit eoil of a lotnisintal:er de-
signed to operate on 4 volts at the total fila-
ment current of t he receiver may be used. The 
filaments are then eonnected in parallel, as 
usual, and plact•t1 in series with this winding 
across the 6- volt battery. In bot I, 6_ and 2-vo lt, 
receivers, " hash" ran be rednee(1 by Ilea vily 
by-passing the bat spry at, the vibrator supp13-
terminals, using Ii\ed condensers of 0.25 to 1 
mfd. rapacity or more, and inclutling an if. 
cluil:e of heavy wire in the bat 1 cry lead near the 
condenser. Noise will be minimized if a single 
ground. consisting of a short. heavy copper 
st rap, is used. Thorough shielding of the vibra-
tor also %rill t'ont ramie to the noise reduetion. 

Table 11 in t'llapter Eighteen lists standard 
c,,nonercial vibrator supplies suitable for use 
,is entergeney or portable power sourees. Those 
units whitth include a lutin litter are inilientt•d. 
The vibrator supplies used with autoneibile 
receivers are sat is•factory for receiver applica-
tions and for use with transmitters where the 
pmver requirements are small. 
The efficiency ( if \••11, 1•,,(,),• na ,•hs rons he-

tueco about, 60 t.() 75 lier vent. 
Dynamo, ors and gene ntot ors — A dyna-

motor is a double-armature high-voltage gen-
erator, tile additional winding serving as a 
driving imitor. Dynamotors usually are op-
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crated from 6-, 12- or 32-volt storage batteries, 
and deliver from 300 to 1000 volts or more. 
The genemotor is a refinement of the dyna-

motor, designeil especially for automobile re-
ceiver, sound truek and similar applieations. It 
has good regulation and efficieney, combined 
with economy of operation. Standard models 
itt genemot ors have ratings ranging from 135 
volts at 30 ma. to 300 volts at 200 ma. or 500 
volts at 200 net. ( See Table III in Chapter 
Eirliteen.) The norned efficiency averages 
around 50 per cent, increasing to better than 
00 per cent in the higher-power units. The 
voltage regula t hot of a genemotor is com-
paralile to that of well-designed a.c. supplies. 

Successful operation of dynamotors and 
genemotors requires heavy, direct leads, me-
rit:Init.:a isolation to reduce vibration, and 
th( trough r.f. and ripple filtration. The shafts 
and bearings should be thoroughly " run in" 
la(fore regular operatiim is attempted, and 
thereafter the tension of the bearings should be 
eltecketi 

In mounting the genetnotor, the support 
should be in the form of rubber mounting 
blocks, or equivalent, to prevent the transmis-
shin of vibration mechanically. The frame of 
the gene motor shouhl be gniluided through a 
heavy flexible conneetter. The brushes on the 
high:voltage end of the sliaft should be by-
passed with 0.002-dd. mica condensers to a 
common point, on the genemott ir frame, pref-
erably 1.0 a pUillt inside the end ((over close to 
the brush holders. Short leads are essential. 
It, may prove desirable to shield the entire 
unit, or even tit reintive the unit to a distance 
of three or four feet from tint receiver. 
When the genemot or is used for receiving, a 

filter should be used similar to that described 
for Nibl'atOr supplies. A 0.01-gfd. 600-volt 
((I.e..) paper condenser should be connected in 
stood. aertiss the tiutput of the genenmtor, fol-
lowed by a 2.5-mh. r.f. ((Mike in the positive 
high-voltage lead. From this point the output 
shoult h lie run thrimgh a " brute force" smooth-
ing filter using • 1- to 8-pfd. electrolytic con-
densers with a 15- or 30-henry choke having 
low d.e. resist ; Hire. 

A.c.-d.e. con verters — In some instances it 
is desirable to utilize existing equipment built 
for 115- volt a.(•. operation. To operate such 
etillipment, with ally of tlie power sources out-
lined above \youth I require a considerable 
amount of rebuilding. This can be obviated by 
using a rotary converter capable of changing 
the d.c. from 12- or 32-volt batteries to 
110-volt 60-eycle a.c. Such converter units 
are built. to deliver oullmt ranging from 40 to 
300 mvtut.ts. 
The eonversion efficiency of these units aver-

ages al iout 50 per cent. In appearance and oper-
ation tiwy are sintilar to genennitors of equiva-
lent rating. The over-all efficiency of the con-
verter will be lower, however, because of losses 
in the a.c. rectifier-filter circuits and the neces-
sity for converting heater as well as plate power. 



Chapter _Nine 

Wave Propagation 
II 9-1 Characteristics of Radio Waves 

Re/at'  to other .1. firm s of ru(/if, I ii itt — 
Radio waves differ from other forms of (dye-
tromagnetie radiation prinripally in the order 
of their wavelength, whielt ranges from ap-
proximately 30,000 meters to a small fraction 
of a centimeter; i.e., their frequeney ranges 
between about 10 kt'. anal 1,000,000 Mr. They 
travel at the same velocity as light waves 
(about 300,000,000 meters pair si•eonal in free 
space) and can be similarly rt•flerted, refracted 
and diffraeted. 
The total energy in a radio wave is evenly 

divided between traveling electrostatic and 
electromagnetic fields. The lines of forre of 
these fields are at right angles to earli other in 
a plane perpetnlicular to the direction of travel, 
as shown in Fig. 001. 

Po/arization — The polarization of a radio 
wave is taken :as the direetion of the lines of 
force in the electrostatie field. If the plane of 
this field is perpendietilar to the earth, the 
wave is said to lati it rticaally polatrirai; if it is 
parallel to tle.• earth, the wave is huri:e,t,14111y 
polarized. The longer waves, when traveling 
along the ground. usually maintain t heir polar-
ization 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 aptite rapidly. 

Reflect ion — waves may be reflerted 
from any sharply th•fined discontinuity of 
suitable chararteristics told dimensions en-
countered in the medium in which they are 
traveling. Any conductor (or any insulator 
having a dieleetrir ronstan t differing from that 

Electrostatic hoes 'fm, 

1 

iilaonetic _2— 
/toes of 
Force 

Fig. 901 — Representation of electrostatic and elec-
tromagnetir . lines of force in a radio wave. Arrows indi-
cate instantaneous directions of the fields for a wave 
traveling toward the reader. Reversing the direction of 
one set of lines would reverse the direr  of travel. 

of the medium) offers slid' a disrontin tin y if its 
dimensions are at least romparable to the 
wavelengt h. The surfare of the earth :Intl the 
boundaries between ionospherir layers are ex-
amples of such dismal I in aii it's. I ibjects as small 
as an airplane, :a trey M . (' Man% 11011Y will 
readily reflert the short ii iva ves. 
Refract — As in the case of light, a 

radio wave is bent when it moves obliquely 
into any medium having a different refractive 
index froto that of the medium %Odell. it 
It ' ti yes. St tie the velu rity of propagation 
or travel differs in the twit 1111.11t11111S, that 
part, of thy wave front whirl' enters first travels 
faster or slower than the part whirl' enters 
last, and so tlit wave front, is t,airtied or re-
frayted (usually downward in the vertical 
plane). Ilefract ion may take pitee in eit her the 
ionosphere ri, anized upper atmosphere) or the 
tToposphere li awe,. itt nyasph('re). 

Riffroct •  — lien a wa grazes the edge 
of an object in passing, it tetnIs to Int bent 
around that This effect, called diffrac-
tioo, results in t diversion of part, of the energy 
of t yie wa‘ies whirl' normally follow a 
straight or line-of-sight path, so that they may 
be \Tat at some distance below the summit 
of tin obstruction, 01. arotunl its edges. 

Types of wares— .‘ eeuriling to the altitude 
of the paths along whiela they art propagated, 
radio waves may be classitied as iem.,»; pherie 

rn po,s lebrrir l'uS ground roc, s. 
(s,ffin.tinius railed the 

"sky wave,") is that part of the t',tat radiation 
which is direet,ed tint-aril thy ionosphere. 
Depending upon varial ale eonalitiotis in that 
region, its well as upon wavelength (Or fre-
timaicy), the ionosplierie wave may or may not, 
lie it it limed to earth by the effects of refraetion 
and riqlection. 
The tropospheric wave is that part of the 

tidal radiat it in which underpays rt•frart ion aittl 
refliict ion in regions of abrupt change of dielec-
trie , instant in the troposphere, sueli as the 
bountlaries between ttir masses of differing 
temperature anal moist ure tlaitent. 
The ground wave is that part of the total 

radiation whirl' is direetly affeeted by the 
presence of the earth and its surface features. 
The ground wilVe has t wit colltilitIlentS. One is 
the sal:face wore, which is an earth-guided 
wave, and the ( at her is tile space ware (not to be 
confused with the ionospheric or " sky wave.") 
The space wave is itself the resultant of two 
romponents — the direct n'aie and the ground-
reflected wave, as shown in Fig. 902. 

188 
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t'i g. 902 — Showing how both direet and reflected waves 
may be received simultaneously in vii.0 transmission. 

e 9-2 Ionospheric Propagation 

The ionosph. ,ce — 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 upward from the earth's 
surface at such an angle that it would continue 
out into space were its path not bent still iciently 
to bring it back to earth. The medium ‘vhich 
causes such bending is the ionospliere, a region 
in the upper atmosphere, above a height of 
about 60 miles, where free ions and electrons 
exist in sufficient quantity to cause a change in 
the refractive index. This conditi(m is believed 
to be the effect of ultraviolet radiathni from 
the sun. The ionosphere is not a single region 
but is composed of a series of layers of varying 
densities of ionization occurring at differtsut 
heights. Each layer consists of a central region 
of relatively dense ionizati'm which tapers off 
in intensity hot h above and below. 
Refrac i  • , bsurption and reflection — 

For a given densit y (I hinization, t degree of 
refraction beciimes less as the wavelength be-
comes sliorter (or as the frequency increas('s). 
The bending t herefore 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 which 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 hmization, the mini-
mum wavelength which can Ile bent sufficiently 
for long-distance communie:ttion is lessened 
and the maximum usable frequency is in-
creased. 
The wave necessarily loses some of its energy 

in traveling through the ionosphere, this ab-
sorption loss increasing with wavelength aml 
also with ionization density. Unusually high 
ionization, espevially 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 up-
ward to the ionosphere will be bent sharply 
enough to cause it to return to the transmitting 
point. The highest frequency at which such re-
flection can occur, for a given state of the iono-
sphere. is called the critical frequcncy. Although 
the critical frequency may serve as an index of 
transmission conditions, it is not the highest 
useful frequency, since other waves of the 
same frequency which enter the ionosphere at 
angles smaller than 90 degrees (less than verti-
cal) will lie bent sufficiently to rettirll to earth. 
The maximum usalilc frequency, for waves 
leaving the earth at very simili angles to the 
horizontal, is in the vicinity of three times the 
critical frequency. 

Besides being direetly observable, the criti-
cal frequency is of noire practical interest than 
ti u' ionization density because it includes the 
effects of absorption : is well as refraction. 

Virtual heigle t — Although an ionospheric 
layer is a region of considerable depth it 
is convenient to assign to it a definite height, 
called the cirtual height. This is the height from 
which a simple reflection would give the saine 
effect as the gum brai refraction which actually 
takes place, as illustrated in Fig. 903. The 
wave traveling upward is bent back over a 
path having an appreviable radius of turning, 
and a measurable interval of time is consumed 
in the turning process. The virtual height is the 
height of a triangle formed as shown, having 
equal shies of a total length proportional to the 
time taken for the wave to travel from '1' 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 to it exposed to the sun's 
radiation. The :tir at this height is sufficiently 
dense so that free ions and electrons very 
quickly meet and reeombine. 
The second principal layer is the F layer, 

which has a height ii ihiout 175 miles at night. 
At this altitude the air is so thin that re-
combination of ions and electrons takes place 
very slowly, inasinueli as particles can travel 
relatively great distances before meeting. The 
ionization decreases after sundown, reaching a 
minimum just before sunrise. In the daytime 

Actual 

Yiriva 

Fig. 903 — Showing bending in the ionosphere and the 
echo or reflection method of determining virtual height. 



190 THE RADIO AMATEUR'S HANDBOOK 

t lie I.' layer splits into two parts, the Pi 811(1 le2 
1:1Yurs. with average virtual heights of, resins.-
fively, I 10 tills out 2011 miles. These hivers 
are twist highly ionized at about loyal niton, 
and merge again at sunset into the layer. 

Cyclic eirrin I • s iii lite • ',here — 
Sitter ionization ilependS Up en Illtra radl - 
at ¡ MI, e011.11t1,11S In I he 1.111,,,plaat• Var.\' ittli 
riningTs in the sun's tri I ir I i"n. In : 1'1'111 ion to 

iii lntly variation, suasion' I ellangos resuill in 
Tritival frequencies in I lit. layer in 

summer, averaging about I Nle. as against a 
wittier average ed 3 Mc. The layer shows 
little variation, the critical frequetn•y being ief 
the order of 1 lo 5 Me. in t he evening. The Pi 
layer, %%lid' has a crit ieal frequeney near 5 Me. 
in summer, usually disappears entirely in win-
ter. The eritical frequenries for the F2 are 
highest in winter ill to 12 Mc.) and lowest in 
summer (around 7 1\1i%). The virtual height of 
I he layer, whit•li is about 185 miles in ‘vinter, 
averages 250 miles in summer. 

Seasisial transition perioils ( eerily in spring 
anil fall, when ionospheric conditions are found 
highly variable. 
There are at least t‘Vie i,t her regular eyries 

in ionization. One such cyclic period covers 2:4 
days, which cortespiends with the period / if the 
sun's rotation. Fier a short time in each 21S-day 
eyrie. transmission conditions ruaelt a peal:. 
Usually Iiis pua I, is followed by a fairly rapid 
(11.1)1i to a limer level, and t hen a slo‘v building 
up to the teem peak. The 2S-ilay cycle is par-
I irularly evident in the. 1-I- and 2S-Nle. a mateur 
bands. 

The longest eYele Yet observed eovels :Wont 
I I ye:irs, corresponding to a similar cycle of 
stite-peet activity. The effect of thi, g.yclii is to 
shift ttpu aril or ilimmvard the values eil' the 
critical frequi•ileiii,: for - F2-1 1.Vol• 11.:111S-
1111,...,1i . 11. D IP Critir:11 frimitetivies are highest, 
during sunspiit maxima and le ewest, during 
sunspot inininei. It is during the period of 
minimum sunspot, avtivity ii hen long-distance 
transmissions occur em t lie‘ver frequencies. 
At such times the 2S-Mg..1,:ind is seldom useful 
for 1)X work, while the 14- Me. band performs 
veil in the daytime but is not ordinarily useful 
at night. The most, tell' it sunspot maximum is 
Tonsidurril to have m.4.1111.4.'1 itt 

lia lo tit' SiOrIIIS  I oilier (list ' trim:tiers 
— Unusual ' list wit:imps in the earth's mag-
netic held ( magnetic storms) usually : ire ac-

• 
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• .ii ,, .., • / • „, • 

• • /./ • • • 
it / ,,,, • • 
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• 
fe, 

companied by (list urbanees ill t he immsphere, 
when the lay(•rs apparent ly break up and ex-
pand. There is usually also an increase in ab-
sorption during such a period. UtmiliuI ranstnis-
siren is poor : 11111 there is a drop iii ica I fre-

iunries so Iliat lower frequenTips must he 
used tor communication. A storm may la.st for 
several 

Unusually high henization in the region of 
the at ineespl iere beliew the normal hemisphere 
may increase lesorpt I o supli an t. tent tIttii 
sky-wave transmission hemlines inipossileli. on 
high fooptenvies. The lenui ii of smell a ' list urb-
mice may la. several hoi r-. will' a gra.linti fall-
ing off of transmission Tomtit ions al t begin-
ning and an equally gradual building up atilt() 
end of the period. rw/cmds, similar to the 
above in effeet, are eauseil by sudden disturb-
ances on the run. They are characterized by 
very rapid ionization, with sky-wav(• trans-

disappearing almost instant It, oven!' 
only in daylight, : 11111 do not last, as long a.s the 
first type of a bscalil 

Fulagtii'i ii' storms frequently :ire aveompanied 
by unusual auroral displays, erea I ing an ionized 
"eurtain " in the polar regions which i•ale met as 
a reflector of radio waxes. Auroral MITTi ion is 
orcasionally observed at frequencies as high as 

Si)ortfolie E-Itsver • 'za   
ally sr:di vred pat. dips or d ends of relatively 
dense ionizatiun appear at heights approxi-
mately the same as that of the E layer. 'Flue 
effect is to raise the (. 1.0 ieal fretpieney to a 
value perhaps twice that Whiell is retlIrnell 
fr,, ni tune of the regular layerS by normal 
refraeti(M. 1)istatives of about 500 to 1250 
miles may be eieveree I it, 51i .Nle. if 1 he ionized 
cloud is situated midway between transmitter 
and receiver, or is of any very considerable 
extent. This effect, u infrequently observed 
in \riffle'', is prevalent ( luring the late spring 
and early summer, with no apparent, correht-
thin 111. t condition wit 11 the time ( if day. 
The pre isetice of sporadic -E refrartient on the 

11- and 2`(-Nly, bands is indivated by an ab-
normally short distance bet.tvi.un t he trans-

t Tr a ml the point where the wave first is 
returnc(1 to earth as \Own, for example, 14-
Me, signals from a transmitter only 100 miles 
distant may arri‘-‘• suit Ii an nil Tilsit y usually 
assieciate(1 with tlistanees of this order on 7 and 
3,5 M. 

• 

Fig. gal nn of sky wave-, ,Ii•nv• 
ill2 the critical a‘e• angle and the -.lip 
/r iii'. Vt is r, Iva% ing the transmitter at 
iii tIr'. ale's, the Tritiral ( grrater than A) 
an- not I..•nt 1.11111/,11I11 lu, • n .1111'11,11 ig 

.‘» angit• tio• Nsas n•torn 
to earth at imara-ingly grealrr distanres. 
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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 general, the greater the 
distance between the point where it leaves the 
earth and that at which it returns. This is 
shown in Fig. 904. 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 frequen-
cies the refraction frequently is not enough to 
give the required bending unless the wave 
angle is smaller than a certain angle called the 
critical angle. This is illustrated in Fig. 904, 
where waves at angles of A or less give use-
ful signals while waves sent at higher angles 
penetrate the layer and are not returned. The 
distance between T and RI is, therefore, the 
shortest possible distance over which com-
munication 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 
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, P2 or P2 
layers. This is because the eritical frequencies 
are higher in the latter layers, so that a signal 
too high in frequency to In returned by the E 
layer can still conic back frein one of the others, 
depending upon the tinte of day and the exist-
ing coin litions. Depending upon the wave angle 
and the frequency, it is sometimes possible to 
carry on communication via either the E or 
F1-F2 layers on the saine frequency. 
Malaise!, transmission— On returning 

to the earth the wave can be reflected upward 
and travel again to the ionosphere. There it 
may once more be refracted, and again bent 
back to earth. This process may be repeated 
several times. MuItihop propagation of this 
nature is necessary for transmission over great 
distances because of the limited heights of the 
layers and the curvature of the earth, since at 
the lowest useful wave angles (of the order of a 
few degrees, waves at lower angles generally 
being absorbed rapidly at high frequencies by 
being in contact with the earth) the maximum 
one-hop distance is about 1250 miles for refrac-
tion 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 re-

flection (the amount of the loss varying with 
the type of ground and being least for reflection 
from sea water). Thus, when the distance per-
mits, it is better to have one hop rather than 
several, since the multiple reflections introduce 
losses which are higher than those caused by 
the ionosphere alone. 
Fading — Two or more parts of the wave 

may follow slightly different paths in travel-
ing to the receiving point, in which case the 
differeli co in path lengths will cause a phase dif-
ference to exist between the wave components 
at the receiving antenna. The field strength 
therefore may have any value between the 
numerical sum of the emoluments (when they 
are all iii rii:ri') : Ind zero (when there are 
only two c,iniponents and t hey are exactly out 
of phase). Since the change from time to 
time, this causes a variatiiin in signal strength 
called failing. Fading can also result from 
the combination of single- hop and multi-hop 
waves, or the combination of a ground wave 
with rut ionospheric or tropospheric wave. 
Such a rout lit ion gives rise to an area of severe 
fading near the limiting distance of the ground 
wave, better recepthm I et igobtained at both 
shorter atnl longer distances ‘..-liere one com-
ponent or the other j iqinsiderably stronger. 
Fading may be rapid slow, the former type 
usually resulting frion rapiilly changing condi-
tions in the ionosphere, the latter occurring 
when transmission crinditions are relatively 
stable. 

It frequently occurs that transmission con-
ditions are different for waves of slightly dif-
ferent frequencies. so that in t he ease of voice-
modulated transmission, involving side-bands 
differing slightly from the carrier in frequency, 
the carrier and various side-band components 
may not be propagated in the same relative 
amplitudes and phases they had at, the trans-
mitter. This effect, kniiwn its selective fading, 
causes severe distortion of the signal. 

1[[ 9-3 Tropospheric Propagation 

Air masses and fronts— lu the lower at-
most il  w:IVe propagation is affected by the 
changes in refractive index between differing 
air masses. A mass of air hundreds of miles in 
area may remain at rest over one region until 
it becomes affected by t tie surface temperature 
and hu midi ty charn e eristic if that region. 
Eventually being moved on by the forces of 
at mospheric circulation, the mass may travel 
over regions quite different from its origin and 
retain fin. seine time its t triginal characteristics. 
When it. meet s a dissi Tulin rair mass, the lighter, 
warmer and drier mass overruns the heavier, 
colt I. moist mass emit ing a boundary between 
the tWe called a froal. This front, which repre-
sents a discontinuity in the dielectric constant 
of the troposphere, serves o refract and reflect 
the higher-frequency radio waves in much the 
same manner as the ionospherir layers, but at 
lesser heights and more restricted angles. As a 
result freimencies above 50 Mc. are returned to 
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earth at distances considerably beyond the 
range of ground-wave propagation, sometimes 
up to 400 miles. • 
Temperature jeerers s— The tempera-

ture of the lower at iniisphere normally de-
creases ; it, a e oust :oil rate ‘vith increasing 
height. Vlien for any reason t he normal varia-

tion ur 1(111"e rah' ii :11'1"."‘imatelY 3' F. per 
1000 feet, of elevaliiiii is altered, a temperature 
inversiun is said to) take platie. Hie resulting 
change in the dielect rie eonstants id* t he air 
masses affemeil l':111SVS n.111 , 110'1 and Nsfrar-

ti011 S111111:11' ti) 111:11 in the ionosphere. 
Types of inversion , tiler than the fig/mini() 

type describeil in iireceding paragraph in-
clude the subsid, (( cc inversion. (•: 111SVgi by the 
sinking of an air mass whiell has been heated by 
compression: the (eictitrim/ inversion, brought 
about by the rapid cooling of surf:ice air after 
sunset : and the cloud-1(1,pr invi.Nilm, caused 
by the heatine iij air abOve a cliiitil layer by 
reffeet ion of the suit's rays from the upper stn.-
fatie of the ( 4.011(15. Refraction and reflet ion of 

wa\-es :ire brought about also, although 
to a lesser degree, by I lie presence of sharp 
transitions in the water-v:ipor content of the 
al mosphere. 905 rates the tondit u (ils 

iS I lilg ‘‘ hen t air " fluri na l" and when a 
temperature inveNiun 

9-4 Ground-Wave Propagation 

Surface, ware— The surfac.e wave is con-
tinuously in eontaet ‘vitli the surf ave of the 
earth and. in eases 'where the distanee of trans-
nlissioni makes the miniature of the earth a 
factor, extends its range by diffraction. The 
surface wii\-(i is praetically independent of 
seasimal and lay and night tifferts at fre-
quencies above 1500 1;e. 
The surfaee ‘vitve must be vertically polar-

ized because the elect rost:die field or a horizon-
tally polarized wave \you'll short -rirettited 
by the ground, which : lots as a conoluettir : it 
the fniiquencies for t lie surfave ‘vtivii is 
most lilt I ' rest. 

The wave induces a eurrent, in the ground 
in traveling along its surfnee. If the ground 

"NORMAL" AIR CONDITIONS 

Direct Rai/ Refracted Downward 
• 

/ 

TEMPERATURE INVERSION 

Fig. 905— Illustrating the effect of a temperature 
inversion in extending the range of Oa. signals. 

were a perfect conductor there would be no 
loss of energy, but nictual ground has ap-
i)reeiable resistance, so that the current flow 
causes stime energy dissipation. This loss must 
be supplied li t ai wave which is eorrespond-
ingly weakened. Hence. t he transmitting range 
depends upon the ground characteristics. Be-
cause sea water IS :t good conductor, the range 

gr,ati.l. t .hib n than °Vet' hand . 

The losses increase wit 11 frequency, so that, the 
surface wave is rapidly at tutitItited at, high 
frequenvies and above about 2 Mc, is of little 
importatiee, exeept in purely local vommunica-
tion. The range at frequencies in the vivinity 
of '2 Me. is of the order of 200 miles over 
average land and perhaps t wo or three times 
as far over sea watiir. for it meditun-power 
transmitter (500 watts or so) using a good 
ant At higher freltuenvies the range drops 
off rapidly. 

.Siteece, trace— In the v.h.f. pfirtion of the 
spertrunt (above 30 Mr.) the bending of the 
waves in the nornitil ionosphere is so slight 
that the ionospluirie wave 9-2) is not or-
dinarilv- useful for eiiminunivation. 'rho rang() 
of t he >1111:Ii•i. WaVi . alSi> is extremely limiteil, 
ttS silted above. Hence. militia' V.11, f, trans-
mission is by means of tlie space wave in NvIiicilt 
the din et-ietVe (41111110111.11t I I'MV('IS dirVI•tly 

1.1'0111 the tran:-Inittnr to the reeeiver through 
the atmosphere along a line-of-sight path. 

Part of the spitee Nvaye strikes the ground 
bet mien the transmitter and receiver and is 
reflected itp‘varil :it slight angle, as was shown 
in rig. 902. The effect of this yr,i/o/ ,/-,-,.thcird 
ware, which is out id pluise with the direct, 
wave. is to redinie t he net field stningt li tit t he 
recricing point. The degree of cancellatiim 
dcpertils upon the heights of the transmitting 
and rerviving antennas above t he point of 

reflection, the ground losses when reflection 
takes plarti, and the frequenry -- the eau-
eollatiiin decreasing with an inerease in any 
of liaise. 

Thii energy lost in ground absorption by a 
Nvavii traveling close to the ground decreases 
very rapidly with its height itt terms of wave-
lung. t its above the groilinl. Av b.f. direet wave, 
therefore. can be relatively • Iose (in physival 
height) to the ground wit Iti(tit suffering t he ab-
sorption (iifects which would occur at the same 
physical heights with longer ‘vitve-lengt 

!N•oreseeel refraction — There is normally 
some (lump( in the refraetive index of the air 
with height, above ground. its nature being 
slid' as to cause the wave to bend slightly 
towards the ground. Where curvature of the 
earth must be considered. this has the effect, 
of lengthening the distanee over which it is 
possible to transmit it dirmit wave. It, is con-
venient, to consider Ihe effect ( of this " normal 
refraction" as equivalent to an increase in the 
earth's radius, in determining the antenna 
heights necessary to provide a clear path for 
the wave. The equivalent radius, taking re-
fraction into account, is 4/3 the actual radius. 
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Fig. 906 — Chart for determining line-of-sight distance 
for v.h.f. transmission. The solid line includes effect of 
refraction, while the dotted line is the optical distance. 

Range vs. height — Since the direct wave 
travels in practically a straight line, the 
maximum signal strength can be obtained 
only when there is an unobstructed atmos-
pheric path between the transmitter and re-
ceiver. This means that antennas should be 
sufficiently elevated to provide such a path. 
On long paths the curvature of the earth, as 
well as the intervening terrain, must be taken 
into account. 
The height required to provide a clear 

line-of-sight path over level terrain from an 
elevated transmitting point to a receiving point 
on the surface, not including the effect of 
refraction, is 

Ii d 2 
=  

where h is the height of the transmitting an-
tenna in feet and d the distance in miles. Con-
versely, the line-of-sight distance in miles for 
a given height in feet is determined by 

d = 1.23.0t. 

Taking refraction into account, this equation 
becomes 

d = 1.41Nfit. 

Fig. 906 gives the answer directly when either 
value is known. 
When transmitter and receiver both are 

elevated, the maximum direct-wave distance 
to ground level can be determined separately 
for each. Adding the two distances thus ob-
tained will give the maximum distance by 
which they can be separated for direct-wave 
communication. This is shown in Fig. 907. 

419-5 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. Furthermore, the 
desirable conditions may change considerably 
with frequency. 
The desirable conditions for waves of differ-

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

1.75 Mc.— Low-angle radiation is indi-
cated for the longer distances. High-angle 
radiation may cause fading toward the limit 
of t he ground-wave signal, because the down-
coming waves add in random phase to the 
ground wave. Vertical polarization is to be 
preferred. 

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 distances. Polarization on this band is 
not of great. inuitirtance. 

7.1/e. — Under most conditions, angles of ra-
diation up to about 45 degrees will be returned 
to earth; during the sunspot maximum still 
higher angles are useful. It is best to concen-
t rat e the radiation below 15 degrees. Polariza-
tion i not important, except that losses prob-
ably will be higher wit It vertical polarization. 

LI 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 polariza-
tion, the polarization may be of any type. 

28 Mc.— Angles of 10 degrees or less are 
most useful. As in the case of 14 Mc., polariza-
tion is not. important. 
56 Mc.— The lowest possible angle of radia-

tion is most useful for all types of transmission. 
Vertical polarization has been chiefly used for 
line-of-sight and lower atmosphere transmis-
sion, all hough horizontal polarization may be 
slightly better for long distances. In any event, 
the same polarization should be used at both 
transmitter and receiver. 
Higher frequencies— As in the case of 56 

Mc, either horizontal or vertical polarization 
may be used, so long as the same type is em-
ployed at both ends of the circuit. 

h 

Fig. 907 — Method of determining total line-of-sight 
distance wlwn both transmitter and receiver are ele-
vated, based on Fig. 906. Since only earth curvature is 
taken into account in Fig. 906, irregularities in the 
ground between the transmitting and receiving points 
must be eonsidered when computing each actual path. 
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Antenna Systems 
10-1 Antenna Properties 

Wave propagation and antenna design — 
For most effective transmission, the prigiaga-
tion characteristics of the frequency under 
consideration must be given due consideration 
in selecting the type of antenna to use. These 
have been discussed in Chapter Nine. On some 
frequencies the angle tif radiation and polariza-
tion may be of relatively little importance; on 
others they may be all-important. On a given 
frequeney, the partirular 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 
racliatigm, impedance, and directivity. 
Polarization — The polarization of a 

straight- wire antenna is its position with re-
spect to the earth. That is, a vertical wire 
transmits vertically polarized waves and a 
horivintal an generates horizontally 
polarized waves (§ 9-1). The wave from an 
antenna in a slanting position contains both 
vertical and horizontal components. 
Angle of radiation — The wave angle 

( § 9-4) at which an antenna radiates best, is 
determined by its polarization, height above 
ground, and the nature tif the ground. Radia-
tion is not all at one well-defined angle, but 
rather is 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 
ot the transmitting pi)int. 
Impedance — The impedanee (§ 2-8) of the 

antenna at any point is the ratio of voltage to 
current at that point. It is important in con-
nection with feeding power t.i the antenna, 
since it constitutes the load resistance repre-
sented by tile an At high frequeneies 
the antenna impedance consists rhiefly of ra-
diation resist amp (§ 2-12). It is understood 
to be measured : it a current loop (§ 2-12), un-
less (it herwise )q)evitied. 
Directivity — All antennas radiate more 

power in certain directions t han in others. 
This characteristic, called directivity, must be 
...disidered in three dimensions, since direc-
tivity exists in the vertical plane as well as in 
the horizontal plane. Thus, the directivity of 
the antenna will affect the wa-ve angle as well 
as the actual compass directions in which 
maximum transmission takes place. 
Current — The field strength produced by 

an antenna is proportional to the current flow-

ing in it. When there are standing waves on 
an antenna, the parts of the wire carrying the 
higher current have the greatest radiating 
effect. 
Power gain — The ratio of power required 

t.) produce a given field strength, with a " com-
parison" antenna, to the power required to 
produve the same field strength with a specified 
type of antenna is called the power gain of the 
latter antenna. The term is used in connec-
tion with antennas intentionally designed to 
have directivity. and the field is measured in 
the optimum direction of the antenna under 
test. The comparison antenna almost always is 
it half-wave antenna having the same polariza-
tion as the antenna otoler consideration. Power 
gain usually is expressed in decibels (§ 3-3). 

41 10-2 The Half-Wave Antenna 

Ph rsical and electrical length — The fun-
damental 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 an-
tennas are constructed. It is sometimes known 
as a hertz or dniddet antenna. 
The length of a half wave in space is: 

492  
Length (feel) — (1) 

Freq. (Mc.) 

The actual length of a half-wave antenna 
will not be exactly equal to the half wave 
in space, but is usually about 5 per cent less 
because of capacitance at the ends of the wire 
(end effect). The reduction factor increases 
slightly as the frequency is increased. Under 
neerng ,• condji inns t ft,11()Willg formula will 
give t he length of a half-wave antenna to suffi-
cient aucuracy for frequencies up to 30 Mc.: 

Length rif half- ware antenna (feet) = 

492 X 0.9:7 498  
(2) 

Freq. (.11c.) Freq. (Me.) 

At 'it. Mc. and higher frequencies the some-
what larger end effects cause a slightly greater 
reduction in length, so that, for these higher 
frequencies, 

Length of half-wave antenna (feet) = 

492 X 0.94 _  492  

Frig. (.11c.) Freq. (.11c.)' 

5540  
or length (inches) — 

Freq. ( 31c.) 

Current and voltage distribution— When 
power is fed to such an antenna the current and 
voltage vary along its length (§ 2-12). The 

(3) 

(4) 
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Fig. 1001 — Current and voltage distribution on a half-
wave antenna. Current is maximum in center, nearly 
zero at ends. Voltage distribution is just the opposite. 

distribution, which is practically a sine curve, 
is shown in Fig. 1001. 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 (§ 2-12), because of the end 
effect; similarly, the voltage is not zero at its 
node because of the resistance of the antenna, 
which consists of both the r.f. resistance of the 
wire (ohmic resistance) and the radiation re-
sistance (§ 2-12). Usually the ohmic resistance 
of a half-wave antenna is small enough, in 
comparison with the radiation resistance, to 
be neglected for all practical purposes. 
Impedance— The radiation resistance of a 

half-wave antenna in free space — that is, 
sufficiently removed from surrounding objects 
so that they do not affect the antenna's charac-
teristics — is 73 ohms, approximately. The 
value under practical conditions will vary with 
the height of the antenna, but 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 is minimum at 
the center, where it is equal to the radiation 
resistance, and increases toward the ends 
(§ 10-1). The actual value at the ends will 
depend on a number of factors, such as the 
height, the physical construction, and the posi-
tion with respect to ground. 
Conductor size— The impedance of the 

antenna also depends upon the diameter of the 
conductor in relation to its lengt h. The figures 
above are for wires of practicable sizes. If the 
diameter of the conductor is made large, of the 
order of 1 per cent or more of the length, the 
capacity per unit length increases and the 
inductance per unit length decreases. Since 
the radiation resistance is affected little, if at 
all, by the diameter :length ratio, 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/length ratio is 
increased, and is a property of some import-
ance at the very-high frequencies where the 
wavelength is small. 
Radiation characteristics— The radia-

tion 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 at right-angles to the wire 
and zero along the direction of the wire it-
self, with intermediate values at intermediate 
angles. This is shown by the sketch of Fig. 1002, 
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which represents the radiation pattern in free 
space. The relative intensity of radiation is pro-
portional to the length of a line drawn from the 
center of the figure to the perimeter. If the an-
tenna is vertical, as shown in the figure, then 
the field strength (§ 9-1) will be uniform in all 
horizontal directions; if the antenna is hori-
zontal, the relative field strength will depend 
upon the direction of the receiving point with 
respect to the direction of the antenna wire. 

lt 10-3 Ground Effects 

Reflection —\\. 11 ,qi the antenna is near the 
ground the free-space pattern of Fig. 1002 
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 dependen* 
upon the height of the antenna, its position oe 
orientation with respect to the surface of the 
ground, and the electrical characteristics of the 
ground. The reflected waves may be in such 
phase relationship to the directly radiated 
waves that the two completely reinforce each 
other, or the phase relationship may be such 
that complete cancellation takes place. All 
intermediate values also are possible. Thus, the 
effect of a perfectly reflecting ground is such 
that the 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. Since waves are always 
reflected upward from the ground (assuming 
that the surface is fairly level), 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. 1003 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. 
When the half-wave antenna is vertical the 

maximum and minimum points in the curves 
of Fig. 1003 exchange positions, so that the 
nulls become maxima, and vice versa. In this 

Fig. 1002 — The free-space radiati tttt pattern of a half. 
wave antenna. The antenna is shown in the vertical 
position. This is a cross-seetion of the solid pattern de-
scribed by the figure when rotated on its vertical axis. 
The "doughnut" form of the solid pattern can be more 
easily visualized by imagining the drawing glued to a 
piece. of cardboard, with a short length of wire fastened 
on it to represent the antenna. Twirling the wire will give 
a visual representation of the solid radiation pattern. 
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case, the height is taken as the distance from 
ground to the center of the antenna. 
Radiation angle— The vertical angle, or 

angle of radiation, is of primary importance, 
especially at the higher frequencies (§ 9-2, 9-4). 
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It is advantageous, therefore, to erect the an-
tenna at a height which will take advantage of 
ground reflection in such a way as t.() rein fl wee 
the space radiation at the most desirable angle. 
Since low radiation angles usually are desirable, 
this generally means that the antenna should 
be high — at least I wavelengt Ii at 14 Me., 
and preferably 3% or 1 wavelength; at least 1 
wavelength, and preferalAy higher, iit 2:-; 
and the very-high frequencies. The physical 
height decreases as I he frequetic is increased, 
so that good heights are not impracticable; a 
half wavelength at 11 Mc. is only 35 feet, ap-
proximately, while t he sa ine height represents 
a full wavelungt Mc. At 7 Me. and lower 
frequencies the higher radiati011 angles are ef-
fective, so that again a reasonable antenna 
height is not difficult of attainment. Heights 
between 35 and 70 feet are suitable for all 
bands, the higher figures generally being pre-
ferable where circumstances permit their use. 
Imperfect ground— Fig. 1003 is based on 

ground having perfect e( inductivil y, whereas 
the actual ea ut hi is not a perfect coi oit  The 
principal effect of act Ind ground is t o make uhie 
curves inaccurate at the hiwest appre-
ciable high-freqm•nry radiation at angles 
smaller than a few degrees is pra(•tically im-
possible to obtain at heights of less t han several. 
wavelengths. 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 which are reflected 
directly upward from the ground induce a 
current in the antenna in passing, and, depend-
ing on the antenna height, the phase relation-
ship 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 in-
crease in current is equivalent to a decrease in 
impedance, and vice versa. Hence, the im-
pedance of the antenna varies with height. 
The theoretical curve of variation of radiation 
resistance for an antenna above perfectly 
reflecting ground is shown in Fig. 1004. The 
impedance approaches the free-space value as 
the height becomes large, but at low heights 
may differ considerably from it. 
Choice of polarization— Polarization of 

t he transmitting an is generally unimpor-
tant on frequencies between 3.5 iind 30 Mc. 
However, the question of whether the antenna 
should be installed in a horizontal or vertical 
pesition deserves consideration for other rea-
sons. A vertical half-wave antenna will radi-
ate equally well in all horizon tul directions, so 
that it. is substantially non-directional, in the 
usual sense of the word. If installed horizon-
tally, however, the antenna will tend to show 
directional effects, aml will radiate best in the 
direction at right angles, or broadside, to the 
wire. The radiation in such a ease will be least 
in the direction toward which the wire points. 
This can be readily seen by imagining that Fig. 
1002 is lying on the ground, and that the pat-
tern is looked at from above. 
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. In practice, however, this 
theoretical advantage over the horizontal an-
tenna is of little or no consequence, and both 
types work about alike at low angles. 

Below 2 Mc.. vertical polarization will give 
more low-angle radiation, and hence is better 
for long-distance transmission: at this fre-
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quency the ground wave also is useful, and must 
be vertically polarized. On very-high frequen-
cies, direct-ray and lower troposphere trans-
mission require the same type of polarization 
at both receiver and transmitter, since the 
waves suffer no appreciable change in polariza-
tion in transmission (§ 9-1). Either vertical 
or horizontal polarization may be used, the 
latter being slightly better for longer distances. 

Effective radiation patterns— In deter-
mining the radiation pattern it is necessary to 
consider radiation in both the horizontal and 
vertical planes. When the half-wave antenna is 
vertical, the vertical angle of radiation chosen 
does not affect the shape of the horizontal pat-
tern, but only its relative amplitude. When the 
antenna is horizontal, however, both the shape 
and amplitude are dependent upon the angle of 
radiation chosen. 

Fig. 1005— Illustrating the im-
portance of vertical angle of 
radiation in deter lll i l ling an-
tenna direetional effects. Gro lllll I 
reflection is neglected in this 
drawing of the free-space field 
pattern of a horizontal antenna. 

• o 

Fig. 1005 illustrates this point. The " free-
space " pattern of the horizontal antenna 
shown is a section cut vertically through the 
solid pattern. In the direction DA, horizontally 
along the wire axis, the radiation is zero. At 
some vertical angle, however, represented by 
the line OB, the radiation is appreciable, 
despite the fact that this line runs in the same 
geographical dir(ction as 0-.1. At some higher 
angle, OC, the radiation, still in the same geo-
graphical direction, is still more intense. The 
effective radiation pattern therefore depends 
upon which angle of radiation is most useful, 
and for long-distance transmission is dependent 
upon the conditions existing in the ionosphere. 
These conditions may vary not only from day 
to day and hour to hour, but even from minute 
to minute. Obviously, then, the effective direc-
tivity of the antenna will change along with 
transmission conditions. 
At very-high frequencies, where only ex-

tremely low angles are useful for any but 
sporadic-E transmission (§ 9-2), the effective 
radiation pattern of the antenna approaches 
the free-spare pattern. A horizontal antenna 
therefore shows more marked directive effects 
than it does at lower frequencies, on which high 
radiation angles are effective. 

Theoretical horizontal-directivity patterns 
for half-wave hórizontal antennas at vertical 
angles of 9, 15, and 30 degrees (representing 
average useful angles at 28, 14 and 7 Mc. 
respectively) are given in Fig. 1006. At inter-
mediate angles the values in the affected re-
gions also will be intermediate. Relative field 
strengths are plotted on a decibel scale (§ 3-3), 
so that they represent as nearly as possible the 
actual aural effect at the receiving station. 

Fig. lOOt, — Horizontal pattern of a horizontal half-
wave antenna at three virtual radiation angles. The 
solid line is relative radiation at 15 degrees. Dotted lines 
show iles iati llll front the 15-degree pattern for an gle• of 
9 and : III 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 considered. 
The pat t erns for all three angle,: have been prop, irtioned 
to the r i, scale, unit ti.is does not utica,. that t he maxi. 
noun amplitudes necessarily will le the same. The arrow 
indicate- t be direction of the horizontal antenna wire. 

10-4 Applying Power to the Antenna 

Direct excitation — 1Vhen power is trans-
ferred directly front the source to the radiating 
antenna, the antenna is said to be directly 
excited. While almost any coupling method 
(§ 2-11) may be used, those most commonly 
employed are shown in Fig. 1007. Power usu-
ally is fed to the antenna at either a current or 
voltage loop (§ 10-2). If power is fed at a cur-
rent loop, the coupling method is called current 
feed; if at a voltage loop, the method is called 
voltage feed. 

Ter 

tut. 

»et- tank 

..«Trsi"(ShoC rt [tuns (B) 

)(nit, tartk 

X/2 

(C) 

Fig. 1007— Methods 
of direetly exciting the 
half-nave antenna. A, 
current feed, series tun-
ing; II, voltage feed, 
• a pat ity coupling; C, 
‘oltage feed, with an 
inductively coupled an-
tenna tank. In A, the 
coupling circuit is not 
included in the effective 
electrical length of the 
antenna system proper. 

Current feed — This method is shown 
in Fig. I007- A. The antenna is cut at the center 
and a small coil coupled to the output tank cir-
cuit of the transmitter, with adjustable cou-
pling so that the transmitter loading can be 
controlled. since the addition of the coil 
"loads" the antenna, or increases its effective 
length because of the additional inductance, 
the series condensers, Ci and C2, are used to 
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provide electrical means for reducing the 
length to its original unloaded value: in tither 
words, their et-tit:IA.0 ive re:tut:owe serves to can-
eel the effect of the inductive reactance 
of the coil t § 2-10). 

Foliage feed— In Fig. 1007, at B and C 
the power h introduced into the antenna at, a 
point of high voltage. In B. the end of the an-
tenna is coupled to the ' naiad fatal: circuit 
through a small condenser, C: in C. a separate 
tank circuit, etainected directly tit the an-
tenna, is used. l'his tank is tuned to the trans-
mitter frequency, and ' 11 1 s.iiiii.). he grounded at 
one end or at the center of the coil, as shown. 
Adjusttnent of enfolding— M it hods of 

tuning and adjustment of Wren-feed systems 
eorrespond to those used with transmission 
lines, which tire dismissed in § 10-6. 
Disotiruntages of direct excitor — 

eXett seliioni is Uslai uNeelif titi the 
lowest Ulnafellr frequencies, herause it involves 
bringing t he antenna proper into t he operating 
room and hellee tilt» ('IOSO relatiMISIlip with 
the house and electric wiring. This usually 
means that Some of the w> 'r is wasted in 
heating poor eonduct ors in the field of t an-
tenna. Also, it often means that the shape of 
the antenna must be distorted, so that, t lui ex-
pected direetional effeets are not realized, and 
lil:ewise that the height will be limited. l'or 
these reasons, in high-frequeney work pray-
tically all amateurs use transmission lines or 
fooder permit placing the an-
tenna in a iitHrublu 1,,cal ton. 

e 10-5 Transmission Lines 

Retptiretnert is — transmission into (§ 2-12) 
is used to transfer power, with a minimum) of 
loss, from the transmit ter to t antenna from 
ivhieli the power is to be radiated. Ai, radio fre-
quencies, \Otero tvery wire carrying Ii. ourrent 
tends to radiate energy in t he form of electro-
magnetic waves, speeisil design is neeessary to 
minimize radiation and thus cause a> much of 
the power as possible to be delivered to the 
receiving end of t he line. 

.11i.diation can be minimized by using a line 
"irrein is i"w, two 

conductors carrying currents of equal magni-
tudes but tipposite phase so that the fields 
about the conductors cancel each other. FOr 
gg,oft eamallat ¡ fin of radiation, the two conduc-
tors should be kept parallel and quite close to 
each other. 
'ypes— The most common form of trans-

mission line consists of two parallel wires, 
maintained at a fixed spacing of t wo to six 
inches by insulating spavers or spreaders 
placed at suitable intervals (opeti-ivirc hit A 
second type vonsists of insulated wires twisted 
together to form a flexible lino, without spai-ers 
vivi,ted-p(tir lite). A third uses a wire inside of 
and eoaxial with a tubing outer conductor, 
separated from the outer conductor by insu-
kiting spacers or " beads" at regular intervals 
(coaxial or concentric line). A variation of this 

type 118eS flexible insulating material between 
the inner and outer ii in ors, the latter usu-
ally being made of metal braid rather than of 
solid tubing, so that- the line will be flexible. 
Still another t-ype of line uses only a single 
wire, without a second i' s jag/c-wire 

feeder ,: in this type, radiation is minimized by 
keeping the line current low. 
Spacing of two-wire lines— The spacing 

between the wires of an open-wire line should 
be small in cialtparistoi to the operating wave-
length, to prevent appreeiable radiation. It is 
impracticable to titut ko the spacing too small, 
howeyi r, hiicause when the wires swing with 
respect to eaeh () titer in a wind the line con-
stants § 2-12) will vary, and thus cause ut 

variation in tuning or loading on the transmit-
ter. It is alSo de,irahle to USe as few insulating 
spacers as possible, to I:eep the weight of the 
line to ut minimum. In practice, a spacing of 
aimut six inehes is used for 11 Mu. and lower 
frequencies, with four- and two-inch spacings 
being elinunon on the very-high frequencies. 

itaianee to ground— l'or maximum can-
cellation of the Iiiilds about the two wires, it 
is necessary that the currents be equal in 
amplitude and opposite in pitase. Should the 
capaeity or Millet:time tier unit lengt h in one 
wire differ from that in t he other, t his ()outfit ion 
cannot be fulfilled. Insofar as t he line itself is 
concerned, the two wires \Yin lutx-e itlent CutI 
characturist is only when t o, two have ex:o•tly 
the Sallie physival relationships to gritund and 
to other objeets in the vicinity. Thus, t he line 
should be syminetricall - tionsiructed and the 
two wires should be at, the saine height. Lin, 
unbalance can be minimized by keeping the 
line as far above the ground ai.n1 as far from 
other ohjeets as possil,le. 

rig, 1008 — Trarupesing a O,o-isire open tran,rni—ion 
line preserves balance to gr I and to near-by object.. 

TO oVerconle unbalance the line sometimes 
is transposed, which means that the positions 
of the wires : Ill` inter,•11:111gl'il at regular inter-
vals t Vig. I odsi. This ir lure is more helpful 
on long than on short: lines, and usually need 
not be resorted to for lines less than a ti aye-
length or si u long. 
Losses— Air- insulated lines operate at 

quite high efficiency. Parallel-comluctor lines 
average 0.12 to 0.15 db. (§ 3-3) loss per wave-

iii line. These figures hold only if the 
st.inding-wave ratio is 1. The losses increase 
wit t he Sfanding-wave ratio, rather slowly up 
to a ratio ) 1 15 to 1, lad, rapidly t hereafter. For 
standing-wave I:'! is of 10 or 15 to 1, the in-
crease is inconsequiintial provided the line is 

ha lanced. 
('oneentrie lines with air insulation are 

excelliitit triton dry, but losses increase if tliere 
is moisture in the line. Provision should be 
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therefore made for making such lines air-
tight, and they should be thoroughly dry when 
assembled. This type of line has the least 
radiation loss. The small lines (%-inch outer 
conductor) should not be used at high volt-
ages; hence, it is desirable to keep the standing-
wave ratio down. 
Good quality rubber-insulated lines, both 

misted pair and coaxial, average about 1 ( lb. 
loss per wavelength of line. At the higher 
frequencies, therefore, >melt lines should be 
used muy in short lengths if losses are impor-
tant. TI use lines have the advantages of einn-
partness, ease of installation, and flexibility. 
Ordinary lamp cord has a loss t if approximately 
1.1 db. per wavelength when it is dry, but its 
losses become excessive when Wit. The parallil 
moulded-rubber type is hest from the stand-
point of withstanding wet weather. Tlie 
aeteristie impedance of lamp cord is between 
120 and 140 ohms. 
The loss in db. is directly proportional to the 

length of the line. Thus. a line which has a loss 
of I ( il). per wavelength will have an actual loss 
of 3 db. if the line is three wavelengths long. In 
the ease of line losses, the length is not ex-
pressed in ternis of electrical length but in 
physical length; that is, a wavelengt h of line, 
in feet, is equal to 9s1 frequency ( Me.) for 

puling loss. This permits a dire'') vompa 
son of lines having the same physical lengt h. 
The electrical lengths, of course, may differ 
eiinsiderality. 

tttttt nt and nonresonant lines— Lines 
are classified as resonant or nonresonant. de-
pending upon the standing-wave ratio. If tite 
ratio is near 1, the line is said to be non-
resonant Reactive (epos will be small, tind 
eonsequently 1111 tuning provisions need 
ordinarily Is• made for canceling them even 
when t he line length is not an exact- multiple of 
a quarter wavelength. Sue's a line must be ter-
minated in its characteristie impedanee (§ 2-12). 
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EL 10-6 Coupling to Transmission Lines 

Requirements— The coupling system be-
tweets a transmitter and the input end of a 
transmission line must provide means for 
atljusting the load on the transmitter to the 
proper value (impedance matehing). and for 
tuning out any reactive component that may 
be present (§ 2-9, 2-10, 2-11). The resistance and 
reactance considered a- re those present- at the 
input end of the line, and hen re have nothing 
to do with the antenna itself except insofar as 
the antenna load may affect the operation of 
the line. 

(II tuned coil— One of the simplest sys-
tems, shown its Fig. 1011-A, uses a coil of a 
few turns tightly coupled to the plate tank 

Si fic• no provision is made for tuning, 
this system is suitable only for non-resonant 
lines whirl' show practically no reactance at 
the input. end. Loading on the transmitter may 
be varied by varying the coupling between the 
tank inductance and the pick-up end, as it is 
frequently called, or by changing the number 
of turns tin the pick-up coil. A slight amount 
of reactance is coupled iisto the tank circuit by 
the pick-up cell, since the flux leakage (§ 2-11) 
is high, so that some slight retuning of the 
¡slate tank condenser may be necessary when 
the load is connected. 

Taps on tank circuit — A method suitable 
for use with open-wire lines is shown in Fig. 
1011-13, where he line is tapped on a balanced 
tank circuit with taps equidistant from the 
center or ground point. This symmetry is 
necessary to maintain line balance to ground 
(§ 10-5). Loading is increased by moving the 
taps outward from the center. Any reactance 
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present may be tuned out by readjustment of 
the plate tank condenser, but this method is 
not suitable for large values of reactance and 
therefore direct tapping is best confined to use 
with non-resonant lines. 
Adjustment of untuned systems — Ad-

justment of either of the above systems is quite 
simple. Starting with loose coupling, apply 
power to the transmitter, and adjust the 
plate tank condenser for minimum plate cur-
rent. If the current is less than the desired load 
value, increase the coupling and again resonate 
the plate condenser. Continue until the desired 
plate current is obtained, always keeping the 
plate tank condenser at the setting which gives 
minimum current. 

Pi-section coupling — A coupling system 
which is electrically equivalent to tapping on 
the tank circuit, but using a capacity voltage 
divider in the plate tank circuit for the pur-
pose, is shown in Fig. 1011-C. Since one side 
of the condenser across which the line is con-
nected is grounded, some unbalance will be 
introduced into the transmission line. This 
method is used chiefly with low-power portable 
sets, because it is readily adjustable to meet 
a fairly wide range of impedance values. A 
single-ended amplifier, using either a screen-
grid tube or a grid-neutralized triode (§ 4-7), is 
required, since the plate tank circuit is not 
balanced. Coupling is adjusted by varying Cle 
re-resonating the circuit each time by means of 
C2 until the desired amplifier plate current is 
obtained. In general, the coupling will increase 
as CI is made smaller with respect to C2. Rela-
tively large-capacity condensers are required 
to give a suitable impedance-matching range 
while maintaining resonance. 

Pi-section filter — The coupling circuit 
shown in Fig. 1011-D is a low-pass filter capa-
ble of coupling between a fairly wide range of 
impedances. The method of adjustment is as 
follows: First, with the filter disconnected from 
the transmitter tank, tune the transmitter tank 
to resonance, as evidenced by minimum plate 
current. Then, with trial settings of the clips 
on L1 and L2 (few turns for high frequencies, 
more for lower), tap the input clips on the final 
tank coil at points equidistant from the center, 
so that about half the coil is included between 
them. A balanced tank circuit must be used. 
Set C2 at about half scale, apply power, and 
rapidly rotate C1 until the plate current drops 
to minimum. If this minimum is not the de-
sired full-load plate current, try a new setting 
of C2 and repeat. If, for all settings of C2, the 
plate current is too high or too low, try new 
settings of the taps on L1 and L2, and also of the 
taps on the transmitter tank. Do not touch 
the tank condenser during these adjustments. 
When, finally, the desired plate current is ob-
tained, set C1 carefully to the exact minimum 
plate-current point. This adjustment is impor-
tant in minimizing harmonic output. 
With some lengths of resonant lines, particu-

larly those which are not exact multiples of a 

quarter wavelength, it may be difficult to get 
proper loading with the pi-section coupler. 
Usually antennas of these lengths also will be 
difficult to feed with other systems of coupling. 
In such cases, the proper output loading often 
can be obtained by varying the L/C ratio of 
the filter over a considerably wider range 
than is necessary for normal loads as specified 
on page 204. 

Series tuning — When the input impedance 
of the line is low, the coupling method shown 
in Fig. 1011-E may be used. This system, 
known as series tuning, places the coupling 
coil, tuning condensers and load all in series, 
and is particularly suitable for use with reso-
nant lines when a current loop appears at the 
input end. As shown, two tuning condensers 
are used, to keep the line balanced to ground. 
However, one will suffice, the other end of the 
line being connected directly to the end of LI. 
The tuning procedure with series tuning is as 

follows: With C1 and C2 at minimum capacity, 
couple the antenna coil, LI, loosely to the 
transmitter output tank coil, and observe the 
plate current. Then increase C1 and C2 simul-
taneously until a setting is reached which gives 
maximum plate current, indicating that the 
antenna system is in resonance with the trans-
mitting frequency. Readjust the plate tank 
condenser to minimum plate current. This is 
necessary because tuning the antenna circuit 
will have some effect on the tuning of the plate 
tank. The new minimum plate current will be 
higher than with the antenna system detuned, 
but should still be well below the rated value 
for the tube or tubes. Increase the coupling be-
tween L1 and L2 by a small amount, readjust 
C1 and C2 for maximum plate current, and 
again set the plate tank condenser to mini-
mum. Continue this process until the mini-
mum plate current is equal to the rated plate 
current for the amplifier. Always use the de-
gree of coupling between L1 and L2 which will 
just bring the amplifier plate current to rated 
value when C1 and C2 pass through resonance. 

Parallel tuning— When the line has high 
input impedance, the use of parallel tuning, as 
shown in Fig. 1011-F, is required. Here the 
coupling coil, tuning condenser and line all are 
in parallel, the load represented by the line be-
ing directly acróss the tuned coupling circuit. 
If the line is non-reactive, the coupling circuit 
will be tuned independently to the transmitter 
frequency; line reactance can be compensated 
for by tuning of C1 and, if necessary, adjust-
ment of L1 by means of taps. Parallel tuning 
is suited to resonant lines when a voltage loop 
appears at the input end. 
The tuning procedure is quite similar to 

that with series tuning. Find the value of 
coupling between L1 and L2 which will bring 
the plate current to the desired value as C1 is 
tuned through resonance. Again, a slight read-
justment of the amplifier tank condenser may 
be necessary to compensate for the effect of 
coupled reactance. 
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Link coupling — Where tuning of the cir-

cuit connected to the line is necessary or 
desirable, it is possible to separate physically 
the line-tuning apparatus and the plate tank 
circuit by means of link coupling (§ 2-11). 
This is often convenient from a constructional 
standpoint, and has the advantage that there 
will be somewhat less harmonic transfer to 
the antenna, since stray capacity coupling is 
lessened with the smaller lin k coils. 

Figs. 1011-G and H show a method which 
can be considered to be a variation of Fig. 
1011-B. The first (G) is suitable for use with a 
single-ended plate tank, the second (H) for a 
balanced tank. The auxiliary tank on which 
the transmission line is tapped may have ad-
justable inductance as well as capacity, to pro-
vide a wide range of reactance variation for 
compensating for line reactance. The center of 
the auxiliary tank inductance may be grounded, 
if desired. The link windings should be placed 
at the grounded parts of the coils, to reduce 
capacity coupling and consequent harmonic 
transfer. With this inductively coupled system, 
the loading on the auxiliary tank circuit in-
creases as the taps are moved outward from the 
center, but, since this decreases the Q of the 
circuit, the coupling to the plate tank simul-
taneously decreases (§ 2-11). Hence, a compro-
mise adjustment giving proper loading must 
be found in primitive. Loading also may be 
varied by changing the coupling between one 
link winding and its associated tank coil; 
either tank may be used for this purpose. When 
the auxiliary tank is properly tuned to com-
pensate for line reactance, the plate tank tun-
ing will be practically the same as with no load; 
hence, the plate tank condenser need be re-

adjusted only slightly to compensate for the 
small reactance introduced by the link. 

Link coupling also may be used with series 
tuning, as shown in Fig. 1011-I. The coupling 
between one link and its associated coil may 
be made variable, to give the sanie effect as 
changing the coupling bet ween the plate tank 
and antenna coils in the ordinary system. 
The tuning procedure is the same as described 
above for series tuning. ln the case of single-
ended tank circuits the input link is coupled 
to the grounded end of the tank coil, as in 
Fig. 1011-G. 

Circuit values — The values of inductance 
and capacity to use in the antenna coupling 
system will depend upon the transmitting fre-
quency, but are not particularly critical. With 
series tuning ( Fig. 101I- E, I), the coil may 
consist of a few turns of the same construction 
as is used in the final tank; average values will 
run from one or two turns at very-high frequen-
cies to perhaps 10 or 12 at 3.5 Mc. The number 
of turns preferably should be adjustable so that 
the inductance can be changed should it not 
be possible to reach resonance with the con-
densers used. The series condensers should 
have a maximum capacity of 250 or 350 add. 
at the lower frequencies; the same values will 
serve even at 28 Mc., although 100 µdd. will 
be ample for this and the 1-1- Mc. band. Still 
smaller condensers can be used at very-high 
frequencies. Since series tuning is used at alow-
voltage point in the feeder system, the plate 
spacing of the condensers does not have to be 
large. Ordinary receiving-type condensers are 
large enough for plate voltages up to 1000, 
and the smaller transmitting condensers have 
high-enough voltage ratings for higher-power 

4Trran s. 
 o 

lzne 

Fig. 1011— Methods of coupling the transmitter output to the transmission line. Application, circuit values 
and adjustment are discussed in the text. 'I'he coupling condensers, C, are fixed blocking condensers used to 
isolate the transmitter plaie voltage from the antenna. Their capacity is not critical, 500 µdd. to 0.002 isfd. 
being satisfactory values, but their voltage rating should at least equal the plate voltage on the final stage. 
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applications. In high-power radiotelephone 
transmitters it may be necessary to use con-
densers having a plate spacing of approxi-
mately 0.15 to 0.2 inch. 

In parallel-tuned eiretts ( F, G, H) the an-
tenna and condenser should be approxi-
mately the same as titi te used in the final tank 
(ircuit. The iintenna tank circuit must be capa-
ble of lasing t tined in to the t ra Its-
'flitting frequency, and, if possilile, provision 
should be made for tapping the it so that the 
L/C ratio can be varied to the opt imum value 
(§ 2-11) as determined experimentally. 

In Fig. 1011-1), Gi and may his 100 to 250 
add. each, the higher-capacity vatios being 
used for lower-frequency operni ion (3.5 Mc. 
and lower). Plate spiteing should lie, in general, 
at least half that of the final-amplifier tank 
condenser. For operation up Itt 11 Me.. LI 
and 142 each may consist. of IS turns, 
inches in diameter, spaced to maitipy 3 inches 
length, and tapped every three turns. Ap-
proximate settings are 15 turns for 1.75 Me., 
turns fief' 3.5 Me., 6 turns for 7 Me.. and 3 turns 
for 1.1 Me. Thy c.iis may winliai with No. 14 
or No. 12 wire. This met hod of coupling is very 
iitehlom used at N•ery-high frequencies. 
Harmonic reduction— It. is iinpurtant to 

prevent insofar : is possible, liarinOrlie, In the 

output of the transmitter from hying trans-
ferred to the antenna system. Untuned ( Fig. 
1011-A) and directly ( Fig. 1011-B) 
systems (lo not discriminate against harmienies, 
and hence are more likely t,, eanse harmonic 
radiation than the inductively coupled tuned 
systems. Low-pass filter arrangements, suet' as 
those at G atol I ), Fig. 1011, do discriminate 
against harmonics, butt the direct coupling 
frequently is it source of trotible in this respeet. 

In inductively coupled systems, care must 
be taken to prevent capacity minding between 
coils. Link coils always youplyil at a 
point. of ground potent ial 2-1:i) on t he plate 
tank roil, as also should series- and parallel-
tuned coils ( E and when possible. Capacity 
coupling can be practically eliminated by t lie 
use tif a Faraday shield (§ 1-9) between the 
plate tank and antenna coils. 

Fig. 1012 — 1Ialf-w ave antennas fed Ir resonant lines. 
.4 and It are etnI-fee.1 systems for use si jilt # uiarter .- anti 
half.wave line-: : and I) are center-feed systems. The 
eterren I (list ri I tt i,'n is slam n for all four eases, arrows 
inuliyating th.• instantaneous direction of current flow. 

E. 10-7 Resonant Lines 

Two-wire lines— Because of its simplicity 
of adjustment and flexibility with respect to 
the frequency range over which an antenna 
system ‘vill operate, 1 he resonant line is widely 
used with simple antenna systems. Construc-
tionally, the spaced or ' t open " two-wire line is 
best suited to resonant operat ion; rubber-insu-
lated lines, such as twisted pair, have excessive 
losses when operated with standing waves. 

Connect'  in an Peoria — A resonant line 
is usually - iii fact, maul Wally always — von-
nected to the antenna at either it current or 
voltage loop. is all va id a geonS, especially 
when the antenna is to be operated at har-
monic frequencies, since it simplifies the prob-
lem of determining the coupling system to be 
used at t lie Mind end of the line. 

Ilalf-ware antenna with resonant line — 
It is often helpful to look upon the resonant 
line simply as an antenna foldeil back on itself. 
Such a line may be any whole-number multiple 
of it quarter wave in length: in other ‘vords, 
any tidal wire h•ngth which will aecommodate 
a whole !mintier of standing waves. ( The 
"length " of a t WO-Wire line is, however, always 
taken its t he length of one of t he wires.) 

Quarter- and half- wave resonant lines feed-
ing haliw:LVI, ttit,'tt tt:ts are shown in Fig. 1012. 
This eurrutit tilt ion on but ii antenna and 

line is indir:tt ( mi. It will be noted that the 
quarter-wave line has maximum current at one 
end and minimum eurrent at the other, de-
termined by the point of (4)1111(41 ton to the 
antenna. ' Hie half- wave line, however, has the 
same (tumid (and vidtage) values at both 
ends. 

lf a quarter-wave line is connected to the end 
of an antenna, as shown in Fig. I012-A, then 
at the transmitter end of the fine the rurrent 
is high and t he voltage low (low impedanee), 
so that series tuning (§ 10-1i) can be used. 
Should the line be a half-wave long, as at 
1012-B, current \N ill he toittimuiti:Lnd voltage 
MaNi11111111 ( high impedance) at the transmitter 
end of the line, just as it is al the end of the 
antenna. Parallel t uning therefore is required 
(§ 1(I-6). The line could be coupled to a bal-
anced final tank thitisugh sinall condensers, 
as in Fig. 1011- It, hut t he inductively coupled 
circuit is preferable. An end-fed iintenna with 
resonant feeders, as ill 1011-A and B, is known 
as the " Zeppelin" or " Zepii- antenna. 
The line ids° may bp inserted at the center 

of the antenna at the maximum-current point. 
Quarter- and half-wave lines used in this way 
are shown at Fig. 1012-(' and 1 ). In the al;-
tenna (snd of the line is at a high-current low-
volt age point (§ 10-2): hemp. at the transmit-
ter end the (' urrent, is low aml the voltage high. 
Parallel tuning therefore is used. 'Ile half-
wave line at 1) has high current and low volt-
age at both (suds, st t hat series tuning is used 
at the transmitter end. 
The four arrangements shown in Fig. 1012 

are thoroughly useful antenna systems, and are 
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Fig. 1013 — Practical half-wave 
antenna systems using resonant - 
line feed. In the center-feed sys-
tems, the antenna length, does 
not include the length of the insu-
lator at the center. Line length is 
measured from the antenna to the 
tuning apparatus; leads in the lat-
ter should be kept short enough so 
their effect can be neglected. The 
use of two r.f. ammeters, M, as 
shown is helpful for balancing 
feeder currents: however, 
ter is sufficient to enable tuning for 
maximum out put, and may he 
transferred limn one feeder to the 
other, if desired. The systems at 
(A) and (C) are for feeders an odd 
number of quarter o ayes in 
length: ( 8) and ( I)) an. for feeders 
a multiple of a half , avelength. 
The detailed drawin s , Ilown here 
correspond elect ricall 1,, the ele-
mentary schematic half-oave an-
tenna systems shoo n in 1012. 

Yr.MT.11:1 

shown in more practical form in Fig. 1013. In 
each case the antenna is a half wavelength 
long, the exact length being calculated faon 
Equations 2, 3 or 4 (§ 10-2) or taken from t he 
charts of Fig. 1016. The line length should be 
an integral multiple of a quarter wavelength 
and may be calculated from equation 5 (§ 10-5), 
the result being multiplied by any whole num-
ber which gives a total length convenient for 
reaching from the antenna to the transmitter. 
If there is an odd number of quarter waves on 
the line in the case of the end-fed antenna, 
series tuning should be used at the transmitter 
end: if an even number of quarter waves, then 
parallel tuning should be used. With the center-
fed antenna the reverse is true. 

Practical line lengths— In general, it is 
best to use line lengt Its that are integral mul-
tiples of a quarter wavelength. Intermediate 
lengths will give intermediate impedance val-
ues and will show reactance (§ 2-12-A) as well. 
The tuning apparatus is capable of compensat-
ing for reactance, but it may be difficult to get 
suitable transmitter loading because simple 
series and parallel tuning are suitable for only 
low and high impedances, respectively, and 
neither will perform well with i inpedances of 
the order of a few hundred ( dims. Such values 
of impedance may reduce the Q of the coupling 
circuit to a point where adequate coupling 
cannot be obtained (§ 2-11). However, some 
departure from the ideal length is possible — 
even as much as 25 per cent. of a quarter wave 
in many eases — without undue difficult- • 
tuning and coupling. In such cases the - 
tuning to use, whether series or paralk 
depend on whether the feeder length is 1. 
an odd number of quarter waves or neare 
even number, as well as on the point at wit. 
the feeder is connected to the antenna — r. 
the end or in the center. 

Line current— The feeder current as read 
by the r.f. ammeters is useful for tuning pur-
poses only; the absolute value is of little im-

portattce. When series tuning is used the cur-
rent will be high, but very little current will be 
indicated in a parallel-tuned system. This is 
because of the current distribution on the 
feeders, as shown by Fig. 1012. With a given 
antenna and tuning system, of course, the 
greatest power will be delivered to the an-
tenna when the readings are highest. However, 
should the feeder length be changed no useful 
conclusions can be drawn from comparison 
between the new and old readings. For this 
reason, any indicator which registers the rela-
tive intensity of r.f. current can be used for 
tuning purposes. Many amateurs, in fact, use 
flashlight or dial lamps for this purpose in-
stead of meters. Such lamps are inexpen-
sive indicators, and. when shunted by short 
lengths of wire so t hat considerable current 
can be passed without danger of burn-out, . 
will serve very well even with high-power 
trans mi tters. 
Antenna length and line operation — 

Insofar as the operation of the antenna itself 
is concerned, departures of a few per cent from 
the exact. length for resonance are of negligible 
consequence. However such inaceuracies may 
influence the behavior of the feeder system, 
and as a result may have an adverse effect on 
the operation of the system as a whole. This 
is true particularly of end-fed antennas, such 
as are shown in Fig. 1013-A and -B. 

For example, Fig. 1014-A shows the current 
distribution on the half-wave antenna and 

rter-wave feeder when the antenna length 
-rect. At the junction of the " live" feeder 
'-e antenna the current is minimum, so 

currents in the two feeder wires are 
all corresponding points along their 

Mien the antenna is too long, as in B, 
eurrent minimum occurs at a point on the 

antenna proper, so that at the top of the live 
feeder there is already appreciable current 
flowing, whereas at the top of the " dead" 
feeder the current must be zero. As a result the 



204 THE RADIO AMATEUR'S HANDBOOK 

LONG 

(c) 

SNORT 

Fig. 1014 — Illustrating the effect on feeder balance of incorrect antenna length for various types of antenna sys-
tems. In end-feed systems, the current minimum shifts above or below the feeder junction, unbalancing the line. 
With center feed, incorrect antenna length does not unbalance the transmission line as it does with end feed. 

feeder currents are not balanced, and some 
power will be radiated from the line. In C, 
the antenna is too short, bringing the current 
minimum to a point on the live feeder, so that 
again the currents are unbalanced. The more 
serious the unbalance, the greater the radia-
tion from the line. 

Strictly speaking, a line having an unbal-
anced connection, such as the one-way termi-
nation at the end of an antenna, cannot be 
truly balanced even though the antenna length 
is correct. This is because of the difference in 
loading on the two sides. The effect of this dif-
ference is fairly small when the currents are 
balanced, however. 

If the antenna is fed at the center the un-
desirable effects of incorrect antenna length 
balance out, so that the line operates properly 
under all conditions. This is shown in Fig. 
1014 at D, E and F. So long as the two halves 
of the antenna are of equal length the dis-
tribution of current on the feeders will be 
symmetrical, so that no unbalance exists even 
for antenna lengths considerably removed from 
the correct value. 

lq 10-8 Nonresonant Lines 

Requirements— The advantages of non-
resonant transmission lines — minimum losses, 
and elimination of the necessity for tuning — 
make the use of this type of line attractive. The 
chief disadvantage of the nonresonant line, 
aside from the necessity for more care in initial 
adjustment, is that when " matched" to the 
ordinary antenna the match is perfect only for 
one frequency, or at most for a small band of 
frequencies on either side of the frequency for 
which the matching is done. Except for a few 
special systems, such an antenna is unsuitable 
for work on more than one amateur band. 
Adjustment of a nonresonant line is simply 

a process of adjusting the terminating resist-
ance to match the characteristic impedance of 
the line. To accomplish this the antenna itself 
must be resonant at the selected frequency, and 
the line must then be connected to it in such a 

way that the antenna impedance as looked at 
by the line is the right value. The matching 
may be done by connecting the line at the 
proper spot along the antenna, by inserting an 
impedance-transforming device between the 
antenna and line, or by using a line having an 
impedance equal to the center impedance of 
the antenna. • 
An impedance mismatch of several 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 2 
or 3 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. An electrostatic 
shield between the line and the transmitter 
coupling coils often will be of value in pre-
venting capacity unbalance, and at the same 
time will reduce harmonic radiation. 

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 

!kernel /me 
any /eyrie 

to—.1 

8 
Fig. 101.5 — Single-wire-feed system. The length, L, 
(one-half wavelength) and the feeder location, D, for va-
rious bands are determined from the charts of Fig. 1016. 
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Fig. 1016 — Charts for determining the length of half. 
wave antennas for use on various amateur frequencies. 
Solid lines indicate antenna length in feet (lower scale); 
dotted lines indicate the point of connection for a sin gle-
wire feeder (upper scale) measured from centerof antenna. 

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. 

Single-wire feed— In the single-wire-feed 
system, the return circuit is through the 
ground. There will be no standing waves on 
the feeder when its characteristic impedance 
is matched by the impedance of the antenna 
at the connection point. The principal dimen-
sions ( Fig. 1015) are the length of the antenna, 
L, and the distance, D, from the exact center 
of the antenna to the point at which the 
feeder is attached. Approximate dimensions 
for both antenna length and the feeder connec-
tion point can be obtained from Fig. 1016 for 
an antenna system having a fundamental fre-
quency in any of the most-used amateur bands. 

In constructing an antenna system of this 
type, the feeder must run straight away from 
the antenna (at a right angle) for a distance of 
at least one-third the length of the antenna. 
Otherwise the field of the antenna will affect 
the feeder and cause faulty operation. There 
should be no sharp bends in the feeder wire 
at any point. 

E-57e,c» 

  (A) 

(B) 
Fig. 1017 — Methods of coupling • he feeder to the 

transmitter in a single-wire-fecd system. Circuits are 
shown for both single-ended and balanced tank circuits. 

With the coupling system shown in Fig. 
1017-A, the process of adjustment is as follows: 
Starting at the ground point on the tank coil. 
the tap is moved towards the plate end until 
the amplifier draws the rated plate current. The 
plate tank condenser should be readjusted each 
time the tap is changed, to bring the plate cur-
rent back to minimum. The amplifier is loaded 
properly when this " minimum" value is equal 
to the rated current. The condenser, C, in the 
feeder is for the purpose of insulating the 
antenna system from the high-voltage plate 
supply when series plate feed is used. It should 
have a voltage rating somewhat higher than 
that of the plate supply. Almost any capacity 
greater than 500 pad. will be satisfactory. The 
condenser is unnecessary, of course, if parallel 
plate feed is used. 

Inductive coupling to the output circuit is 
shown in Fig. 1017-B. The antenna tank circuit 
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should tune to resonance at the operating fre-
quency, and the loading is adjusted by varying 
the coupling between the two tanks, both be-
ing kept tuned to resonance. 

Regardless of the t ype of coupling employed, 
a good ground conneet ion is essent ial with this 
system. Single-wire feed works best over moist 
ground. and comparatively pooriy over rock 
and sand. 

Fig. 1018 — 11 all-wave antenna center-fed ley a tu 
pair line. Fanning (11) t pemate, for line impedance. 

Twisted-pair feed — A t line com-
posed of twisted rubber-covered wires can be 
constructed to have a surge impedance approx-
imately equal to the 70-t ti) imj)edance at the 
center of the an itself, thus permitting 
connecting the line to the antenna as shown in 
Fig. 1018. Any discrepaney whirl, may exist 
between line and allt, e1111:1 impedntice can be 
compensated for by a slight fanning of the line 
where it connects to the two halves of the 
antenna, as indicated at I in Fig. 1018. 
The twisted-pair line is a et Invement, type to 

use, sinee it is easy to install and t I r.f, voltage 
on it is low because of the low impedanee. 
Special twisted line for t ransmit t ing purpose-;, 
having lower losses than onlinary rubber-
covered wire, is available. 
The antenna should be one-half wavelength 

long for the frequency of operation, as deter-
mined by charts of Fig. 1016 or the formulas 
(§ 10-2). The amount of " fanning" (dimen,ion 
B) will depend upon the kind of cable used: t he 
required stewing usually will be Isd wet n 6 
and 18 inches. It may be cheeked by inserting 
ammeters in each antenna leg at the junction 
of the feeder and antenna: the value iii B 
which gives the largest current is ctorreet. 
Alternatively, the system may be operated 
continuously for a time with fairly high r.f. 
power input, after the feeder may be 

Outer lirtg 

Optional ground 
t1r, outer Ceductor 

Inner wire 
Or Tubenf 

Concentric tine 
(Any Length) 

To 
Coupling Coil 

Fig. 1019 — antenna center-fed by a concen-
tric transmission line of 70 ohms surge impedance. 

inspected (by touch) for hot spots. These 
indicate the presence of standing waves, and 
the fanning should be adjusted until they 
are eliminated or minimized. Each leg of the 
feeder forming the triangle at the antenna 
slenild be equal in length to dimension B. 

Coupling between the transmitter and the 
transmission line is ordinarily accomplished 
by the untuned coil method shown in Fig. 
1911-A (§ 10-6). 

CiMeell rie-line feed — A convent t Tans-
mission line can I te et instructed to have a surge 
impedance equal to the 70-ohm impedance at 
the renter of a half-wave an Such a line 
can be vonnected directly to the center of the 
antenna, therefore, forming the system shown 
in Fig. 1019. 
An air-insulated concentric line will have a 

surge impedance of 70 ohms when the inside 
diameter of the outer conductor is approxi-
mately 3.2 times the outside diameter of tite 
inner conductor. This condition can be fulfilled 
by using standard %6-inch (outside ( Iiameter) 
copper tubing for the outer conductor and 
No. 1-1 wire for the inner. Ceramic insulating 
spacers are available commercially for this 
combination. Rubber-insulated concentric line 
having the requisite impedance for conneetion 
to the center of the antenna also is avail-
able. 
The operation of such an antenna system is 

similar to that of the twisted-pair system just. 
described, and the same transmitter coupling 
arrangements may be used (§ 10-6). 
The outer conductor of the line may be 

grounded, if desired. The feeder system is 
slightly unbalanced, because the inner and 
outer conductors do not have the same rai a0-
its' to ground. There should be no radiation 
from a line having a correct surge impedance, 
however. 

Delta matching transformer — Bemuse of 
the extremely close spacing required, it is 
impraetieable to construct an open-wire 
transinis,ion line which will have a surge 
impedance low enough to work directly into 
the center of a half- wave antenna. Such wire 
lines usually have impedances bet ween -100 
and 700 ( dints, 600 ohms being a widely used 
value. It is necessary. therefore. to use other 
means fer matching the line to the antenna. 
One method of matching is illustrated by the 

system shewn in Fig. 1020. The matching sec-
titni, E, is " fanned" to have a gradually in-
creasing impedance so that its impedance at 
the antenna end will be equal to the impedance 
of the antenna section, C, while the impedance 
at the lower end matches that of a practicable 
transmission line. 

'Fite antenna length, L, the feeder clearance, 
E, the spacing between centers of the feeder 
wires, D, and the coupling length, C, are the 
important dimensions of this system. The sys-
tem must be designed for exact impedance val-
ues as well as frequency values, and the di-
mensions therefore are fairly critical. 
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The length of the antenna is figured from 
the formula (§ 10-2) or taken from Fig. 1016. 
The length of section C is computed by the 

formula: 

C (feet) — 
Freq. (.11 c.) 

The feeder clearance, E, is found from the 
equation: 
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E (feet) — 
Freq. (.11 c.) 

The above equations are for feeders having a 
characteristic impedance of 600 ohms and will 
not apply to feeders of any other impedance. 
The proper feeder spacing for a 600-ohm t nt 
mission hue line is computed to a sufficiently (dose 
approximation by the following formula: 

D = 75 X d 

123 

where D is the distance between the centers of 
the feeder wires and d is the diameter of the 
wire. If the wire diameter is in inches the spac-
ing also will be in inches, and if the wire diam-
eter is in millimeters the spacing also will he in 
milli meters. 

Methuids of coupling to tlte transmitter are 
discussed in § 10-6, those shown in Figs. MI 1-
C, ll, (I and 1-1 being suitable. 

Fig. 1020 — Delia.matehed antenna s•-teni. The di. 
mensions C, D, ami E are f I by filrmuld. gi% en in 
the text. It is important that the matching t.ttt•t itt(i, E, 
come straight away from the antenna without any liends. 

"Q"-section transformer — The imped-
ance of a two-wire line of ordinary construct ion 
(400 to 600 ohms) can be mat > ltt>l to the im-
pedance of the center of a half-wave antenna 
by utilizing the impedance-transforming prop-
erties of a quarter-wave line (§ 10-5). The 
matching section must have low surge iin-
pedance and therefore is commonly con-
structed 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. 1021. The impor-
tant dimensions are the length of the antenna, 
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. 
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The required surge impedance for the match-

ing section is 

VZI Z2 (9) 

where Z1 is the input impedance and Z2 the 
Output impedance. Thus a quarter-wave sec-
tion matching a 600-olun line to the center of a 
half- wave antenntt ( 72 ohms) should have a 
surge impedance of 208 ohms. The spacings 
between conductors of various sizes of tubing 
and wire for different surge impedances are 
given in graphical form in Fig. 1009. With 

tubing, the spacing should be 1.5 
inches for an impedance of 208 ohms. 
The length of the matching section, B, 

sh,,uld be equal to a quarter wavelength, and 
is given by 

Length 4 quarter- =  2,94  
ware line (feel) Freq. ( 1le.) 

The length of the antenna can be calculated 
front the formula (§ 10-2), or taken from the 
charts of Fig. 1016. 

This system has the advantage of the sim-
y of adjust ment of the twisted-pair feeder 

system and at the same time the supericir in-
sulation of an open- wire system. Figs. 1011-B, 
D. G and H (§ 10-6) represent suitable meth-
ods of coupling to the transmitter. 

Linear transformers — Fig. 1022 shows 
t wo methods of rumpling a non-resonant line 
to a half-wave antenna through a quarter-
wave linear transformer or matching section. 
In the case eti the center-fed antenna, the 
free end of tlw matching section, B, is open 
(high impedance) since the other end is con-
nected to ;I low-impedanee point 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 (§ 10-7). 
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 
(§ 10-7). 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 

Fig. 1021— The "Q" antenna, using a quarter-wave im-
pedance-matching section with close-spaced conductors. 
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Fig. 1022 — Half-wave antenna systems with quarter. 
wave openswire linear impedanec-matchi n g transformers. 

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 the equations in § 10-2 and § 10-5. 
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 sect ion can bc adjusted 
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 front 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 Chapter 
Nineteen. 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 conneetion. 
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 
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 wave, 
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 tutte out this reactance. 

Since the line impedance is ordinarily be-
tween 500 and 600 ohms, the same methods of 
coupling may be used between the transmitter 
and the line as are recommended for the delta-
inatching system and the Q matching trans-
former. 
Matching stabs— The operation of the 

quarter-wave matching transformer of Fig. 
1022 may be considered from another — and 
more general — viewpoint. Suppose that sec-
tion e 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 viewpoint., matching the line 
to the antenna becomes a mat ter of selecting 
the rig! it type and length of stub and attaching 
it to t he proper spot along the line. 

Referring to Fig. 1023, at any distance (X) 
from the antenna, the line will have an imped-
ance which may be considered to be made up 
of react tutee (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 t he line with a stub 
cut to proper length, Y. Wit It 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 cul-anil-try method is 
somewhat laborious. If the standing-wave 
ratio and t he positions of t he current loops and 
nodes ra n he measured, t he length and position 
of the si lilt an be found from Figs. 1024 and 
1025. 

Sertafay End x 

Fig. 1023 — When antenna and transmission line differ 
in impedance, they may be matched by a short length 
of transmission line, Y, 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. 
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Although the standing-wave ratio can be 

measured in terms of either current or voltage, 
measurement of current usually is more con-
venient. (If the measurements are made with 
a current-squared galvanometer an appropri-
ate correction must be made, since scale 
readings with this type of meter are propor-
tional to power.) With the antenna connected 
to the line but with the stub disconnected, t lie 
r.f. meter should be moved along the line from 
the antenna toward the sending end until a 
current loop or node is found. Its location 
should be marked and the value of the current 
recorded. Then the meter should be moved 
along toward the sending end until the next 
loop or node is located (if the first was a loop 
the second will be a node, and vice versa), and 
the current at this point, recorded. As a cross-
check for wavelength, the distance between a 
loop and node should be !4 wavelength. The 
standing-wave ratio is the ratio of current at a 
loop to current at. a node. 
Once the standing-wave ratio is known, the 

length and position of the stub, in ternis of 
wavelength, can be found direct ly from Figs. 
1024 and 1025. The wavelength in feet, for any 
frequency can be found from Equation 1. 

Zenyth of 
shorted stub 

Distance nom 
current node _ 
measured 

lowest send/miens/ 

.02 .04 .06 .08 .10 .12 14 .16 .18 .20 22 .24 a 
LENGTH IN WAVELENGTHS 

Fig. 1024 — Graphs for determining position and length 
of a shorted stub. Dimensions may be converted to linear 
units after values have been taken from the graph. 

Methods of coupling to the line shown in 
Figs. 1011-B, D, G and II (§ 10-6) can be used. 
Measuring standing wares— Equipment 

for measuring the standing-wave ratio along 
the transmission line is described in Chapter 
18. At frequencies below 30 megacycles the 
thermomilliammeter probably is the most 
reliable instrument and the easiest to use. The 
absolute value of the current in the line is not 
important; the ratio between the maximum 
and minimum currents is what is required. 
When the standing-wave ratio is low it may 

be difficult to determine the exact location of 
a node or loop since the current changes rather 
slowly at these points. In such a case the fol-
lowing procedure may be adopted: Measure 
the minimum current., then choose a somewhat 
higher value and locate two points on either 
side of the minimum at which the current 
equals the chosen value. For example, if the 
minimum current is 0.1 ampere, a value of 0.15 
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Fig. 1025 — Graphs for determining position and length 
of all open sinh. Dimens s may be converted to 
linear units after values have been taken from the graph. 

ampere might be chosen and the meter moved 
first to one side and then the other of the 
minimum point until two spots are found 
where the reading is 0.15 ampere. Then the 
node will be just half-way between these two 
points and may be determined very easily by 
measuring the distance. The same method 
may be used to locate a current, loop with more 
exactness than by trying to locate the actual 
point of maximum current. In this case, of 
course, a value of current. slightly lower than 
the maximum value should be chosen. 
A crystal-detector probe pick-up measures 

maximum and minimum voltage rather than 
current. The standing-wave ratio may be 
measured in terms of voltage equally as well 
as in ternis of current. However, in using the 
charts for the matching stub system it must be 
kept in mind that a voltage loop occurs at the 
same point as a current node, and vice versa. 

10-9 Long-Wire Antennas 

Definition— An antenna will be resonant 
so long as an integral number of standing 
waves of current and voltage can exist along its 
length; in other words, so long as its length is 
some integral multiple of a half wavelength. 
When the antenna is more than a half wave 
long it usually is called a long-wire antenna, or 
a harnamic antenna. 
Current and voltage distribution— Fig. 

1026 shows the current and voltage distribu-
tion 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 funda-
mental frequency of the antenna is 7 Me., 
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 Me., 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-
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10:.'h Standing-. a% e current and "hare distri-
bution along all antenna %% lien it iiiii•rateil at % ari-

oils harmonies of its fundamental resonant frequency. 

jacent standing waves. This is shown in the 
figure by drawing the current and vq,ltage 
curves successively Ii lit and liplow the : in-

tenna (taken as a zero referent( line), to indi-
cate that the polarity reverses when the 
current or wiltage goes thniugh zero. Currents 
flowing in the same direction are in phase; 
in opposite directions, out 4 phase. 

It is evident that otte antenna may be used 
for harmonically related frequencies, such as 
the various amateur bands. The long-wire or 
harmonic anienna is the basis of multi-band 
operation with one antenna. 

Physical lengths— The length of a long-
wire antenna is not an exact multiple of that of 
a half-wave antenna because the end effects 
(§ 10-2) operate only on the end sections of 
the antenna; in ot her parts of the wire these 
effects are absent, and the wire length is ap-
proximately that of an equivalent portion of 
the wave in space. The formilla for the length 
of a long-wire antenna, therefore, is 

(0! (.V-0.05) 
Length (feet) =   (10) 

Freq. (Mc.) 

where N is the number of half waves on the 
antenna. From titis, it is apparent that an 
antenna cut as a half wave for a given fre-
quency will be slightly off resonance at exactly 
twice that frequency (on t lie second ha nu, ode) 
because of the different behavior of end effects 
when there is more than one standing wave on 
the antenna. For instance, if the antenna is 
cut to have exact fundamental resonance on 
the second harmonic (full-wave operation) it 
should be 2.6 per cent longer, and on the fourth 
harmonic (two-wave), 4 per cent longer. The 

effect is not very important except for a pos-
sihh• unbalance in the feeder system (§ 10-7), 
which may result in some radiation from the 
feeder in end-fed systenis. 
Impedance and j 'Cr gain— The radia-

tion resistance as measured at a current loop 
becomes larger as the antenna length is in-
creased. Also, a long-wire antenna radiates 
more power in its most favorable direction 
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. 1027 shows how the radiation resistance 
and the power in the lobe of maximum radia-
tion vary with the antenna length. 

Directi (((( al 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 an the directional character-
istic splits up into " lobes" whieh make vari-
(ins angles with the wire. In general, as the 
length of the wire is increased the direction in 
which maximum radhition occurs tends to ap-
'much the line of the antenna itself. 

Directional characteristic's for alitell1Res tine 
wavelength, three half- wavelengths, and two 
wavelengths long are given in Figs. 102S, 1029 
and 1030, for three vertical tingles of radial ion. 
Niite that, as the wire length increases, the 
rzi ( Hatton along the line of the antenna beroliws 
more pronounced. Still longer antennas ran 
be considered to have practically " end-on" 
directional characteristics, even at the hewer 
radiation angles. 
Methods of feeding— In a long-wire an-

tenna, the currents in adjacent half-wave sec-
tions must be out of phase, as she wn in Fig. 
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Fig. 1027 — Curve A slimvs variation in radiation 
iii,:tance with antenna length. Curve It shows power in 
lobes of maximum radiation for long-wire antennas as a 
ratio to the maximum radiation for a half-wave antenna. 
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1031 and Fig. 1026. 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 
phase; if the phase in one sect ion c,iuld be re-
versed, then the currents in t he feeders neces-
sarily would have to be in phase and the feeder 
radiation would inn be canceled out. 

Either rest mant or non-resintant feeders may 
be used. Wit h the latter, the systems employ-
ing a matching section (§ 10-8) are best. The 
non-resonant line may be tapped on the 
matching section, as in Fig. 1022, or a " Q" 
t ype section, Fig. 1021, may be employed. 
In such case, Fig. 1032 gives t he required surge 
impedance for the matching section. It can 
also be calculated from Equation 9 (§ 10-8) 
and the radiation resistance data in Fig. 1027. 

Methods of coupling the line to the trans-
mitter are t he sanie as described in § 10-6 for 
the particular type of line used. 

Fig. 1028 — Horizontal ,anent,: of radiation Um t a 
full-wave antenna. l'he solid line , ho,- the pattern for a 
vertical angle of 15 degree,: I lotted ialioli 
from the I5-degree pattern at 9 and . to degrees. .‘ 11 three 
patterns are drawn to the si • relat ke scale: a•tual am-
plitudes will depend upon the height of the antenna. 

f.r Multiband Antennas 

Priocipies — As :suggested in the preceding 
$eetion, the sanie antenna may be used for 
several bands by operating it on harmonics. 
When this is done it is necessary to use reso-
nant feeders, since the impedance matching for 
non-resonant feeder operation can be accom-
plished 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. A matching section 
which is only a quarter-wavelength long at one 
frequency will be a half-wavelength long at 
twice that frequency, and so on; and changing 
the length of the wires, even by switching, is 
so inconvenient as to be impracticable. 

Fig. 1029 — p attents of radiation front an 
antenna three half- r. a r ling. The solid line shows 
the pattern f. 'r a r ertieal angle of 15 degrees; dotted 
lines show de» ia t fn,tii the 15-degree pattern at 9 and 
30 , ir'gret.s.M  lobes coineide for all three angles. 

Furthermore, the current loops shift to a new 
position on the antenna when it is operated on 
harmonics, furt her complicating the feed situa-
tion. It is for t his reason t liat a half-wave an-
tenna which is cennw- fed by a rubber-insulated 
line is practically tisch•ss for harmonic operation; 
on all even harmonies there is a voltage maxi-
mum occurring right at the feed point, and the 
resultant irnia.tlance mismatch is so bad that 
tliere is a large st ti tun ng-wave ratio and conse-
quently high losses arise in the rubber dielectric. 

Fig. 1030 — Horizontal pa terns of radiation from an 
antenna two wavelengths long. The solid line shows the 
pattern for a vertical angle of 15 degrees; dotted lines 
show deviation from the 15-degree pattern at 9 and 30 
degrees. The minor lobes coincide for all three angles. 
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(C) 

Fig. 1031 — Current distribution and feed 
long-wire antennas. A 3/2-wave antenna is ,o, 
illustration. V ¡ ti, two-wire feed, the line may be con-
nected at the end of the antenna or at any current fool, 
(but not at a current node) for harmonic operation. 

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— Any of the antenna 

arrangements shown in § 10-7 may be used for 
multiband operation by making the antenna a 
half wave long at the lowest frequency to be 
used. The feeders should be a quarter wave 
long, or sonic multiple of a quarter wave, at the 
same frequency. Typical examples, together 
with the type of tuning to be used, are given 
in Table I. The figures given represent a com-
promise designed to give satisfactory operation 
on all the bands considered, taking into ac-
count the change in required length as the 
order of the harmonic goes up. 
A center-fed half-wave antenna will not 

operate as a long wire on harmonies, because 
of the phase reversal at the feeders previously 
mentioned (§ 10-9). On the second harmonic 
the two antenna sections are each a half wave 
long, and, since the currents are in phase, the 
directional characteristic is different from that 

Fig. 1032 — Required surge impedance of marter-wave 
matching seetions for radiators if var. tttt s lengths. 
Curve A is for a transmission-line img edanet of 440 ohms, 
Curve II is for 470 o tuts, Curs e C for 580 ohms and 
Curve 1) for 600 ohms. Dimensions fur matt hin g s, ilions 
of the required int tedanee are obtained from Fig. 1009. 

TABLE I 

MULTIBAND RESONANT-LINE-FED ANTENNAS 

.4 ntenna 
Length (ft.) 

Feeder 

Length 
(B.) 

Band Type Of 
Tuning 

\\ iti, end feed: 
243 120 I.75- Mc. 'phone 

4- Mc. 'phone 
14 Mc. 
28 Mc. 

series 
parallel 
parallel 
parallel 

136 

I 1 

I), 

67 3.5- Mc. c.w. 
7 Mc. 
14 lc. 
28 Mc. 

series 
parallel 
parallel 
parallel 

series 
parallel 

67 3.5- Mc. c.w. 
7 Mc. 

33 7 Mc. 
II Me. 
28 Mc. 

series 
parallel 
parallel 

% it h center feed: 
-.- 

137 

135 

67 

It 

1.75 Mc. 
3.5 Mc. 
7 Mc. 

14 Mc. 
28 Mc. 

parallel 
parallel 
parallel 
parallel 
parallel 

3.5 Mc. 
7 Mc. 
14 Me. 
28 Mc. 

parallel 
parallel 
parallel 
parallel 

67.5 7 Mc. 
11 Mc. 
28 Mc. 

parallel 
parallel 
parallel 

The antenna lengths given represent compromises 
for I  • • operation because of different end 
effects on different bands. The 136-foot end-fed 
antenna is slightly long for 3.5 Mc., but Will work 
u. ell in the region which titoolruples into the 14-Me. 
band (3500-3600 kc.). Bands not listed are not 
ree tttttt nended for the partienlar antenna. The ern-
ter-fed systems are less critical as to length: the 
272- foot antenna, for instance, nias be used for both 
,•..v. and 'phone on either 1.75 or 4 Me. without loss 
(of efficiency. 
On harmonies, the end-fed and center-fed anten-

nas will not have the same directi tttt al characteris-
tics, as explaintn1 in the text. 

300 

2 3 5 6 7 
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8 

A 

of a full-wave antenna even though 
the over-all length is the sanie. On the 
fourth harmonic each section is a 
full wave long, and, again because of 
the direction of current flow, the sys-
tem will not operate as a two-wave-
length antenna. It should not be as-
sumed that these systems are not ef-
fective radiators; it simply means 
that the directional characteristic will 
not be that of a long wire having the 
same over-all length. Rather, it will re-
semble the characteristic of one side of 
the antenna, although not necessarily 
having the same exact form. 

Antennas with a few other types of 
feed systems may be operated on har-
monics for the higher-frequency bands, 
although their performance is some-
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what impaired. The single wire-fed antenna 
(§ 10-8) may be used in this way; the feeder and 
antenna will not be matched exactly on har-
monics, with the result that standing waves will 
appear on the feeder, but the system as a whole 
will radiate. A better match will be obtained if 
the point of connection of the feeder to-the an-
tenna is made exactly one-third the over-all 
antenna length from one end. While this dis-
agrees slightly with the figures given for a half-
wave antenna, it has beca found to work better 
on the harmonic frequencies. 
The " Q" antenna system (§ 10-8) also can 

be operated on harmonics, but the line cannot 

nottd - 
braitiency 

oornzlion 

Fone;';'5.̀24ct.e‘ 

Fig. 1033 — A simple antenna system for five ama-
teur bands. The antenna is voltage: fed on 3.5, 7, 11 and 
28 Me., working on the fundamental, seeonil, few rth and 
eighth harmonies, respeetively . l'or 1.73 Mc. ti,,- , tenl 
is a quarter-wave gro lllll led antenna, in w hie h ease 
series tuning must he used. The antenna w ire should be 
kept well in the clear and xl hi be as high as possible. 
If the length of the antenna is increased to approximate-
ly 260 feet, voltage feed can lee used oit all live bands. 

operate as a non-resonant line except at the 
fu ndatnental frequency of the antenna. For 
h .Irmonic operation the line must be tuned, and 
t wrefore the feeder length is important. The 
uning system will depend upon the number of 
uarter waves on the line, including the " Q" 
mrs. The concentric-line-fed antenna (§ 10-8) 
may be used on harmonics, if the concentric 
line is air-insulated. Its iqierat ion on harmonies 
is similar to that of the " Q." This antenna is 
not recommended for multi-band operation 
with a rubber-insulated line, however. 
The delta-match system (§ 10-8) can be used 

on harmonics, although sonic standing waves 
will appear on the line. For that matter, any 
antenna system can be used on harmonic fre-
quencies by tying the feeders together at the 
transmitter end and feeding the system as a 
single wire by means of a tuned circuit coupled 
to the transmitter. 
A simple antenna system without feeders, 

useful for operation on five barnk is shown in 
Fig. 1033. On all bands from 3.5 Mc. upward it 
operates as an end-fed antenna --- half wave 
on 3.5 Mc., long wire on the other bands. On 
1.75 Mc. it is only a quarter wave in length, and 
must be worked against ground (§ 10-14). On 
this band, since it is fed at a high-current 
point, series tuning (§ 10-6) must be used. 

Antennas for restricted space — If the 
space available for the antenna is not large 
enough to accommodate the length neces-
sary 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, and, since lengths midway 
between those requiring series or parallel 
tuning ordinarily must be used to bring the 
entire system to resonance, coupling to the 
transmitter often becomes difficult. 

With center feed practically any convenient 
length of antenna can be used, if the feeder 
length is adjusted to accommodate at least 
one half wave around the whole system. 
Typical cases are shown in Fig. 1034, one for 
an antenna having a length of one quarter 
wave (A) and the other for an antenna some-
what longer (C) hut still not a half wave long. 
Current distribution is shown for both funda-
mental and second harmonic. From the points 
marked X, resonant feeders any convenient 
number of quarter waves in length may be 
extended to the operating room. The sum of 
the distances on each wire from X to the an-
tenna end must equal a luth f wave. It is suffi-
ciently accurate to use Vquation 2 (§ 10-2) 
in calculating this length. N. de that X-X is a 
high-current point on these shortened anten-
nas, corresponding to the center of a half-wave 
antenna. It is also apparent that the antenna 
at A is a half-wave antenna on the next higher-
frequency band ( 11). 
A practical antenna of this type can be made 

as shown in Fig. 1035. Table II gives a few 

(A) 

tame 

Fig. 1034 — Current distribution on short antennas. 
Those at the left are too short for fundamental opera. 
tion, our (A) having an over-all length of one quarter 
wave; the other (C) being longer but not a half-wave 
long. These systems may be used wherever space to erect 
a full half-wave antenna is not available. The current 
distribution for second harmonic-operation is shown at 
the right of each figure (B and D). In A and C, the total 
length around the system is a half-wave at the funda-
mental. In B and D, the over-all length is a full wave. 
Arrows show the instantaneous direction of current now. 
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A 

Tuning 
Apparatus 

Fig. 1035— Practical arrangement of a shortened an-
tenna. The total length, A -I- IS B -F A. should be a 
half wavelength for the Ipmest.freppiene band. usually 
3.5 Mc. See Table II for lengths and tuning data. 

recommended lengths. Remembering the pre-

ceding discussion, however, the antenna can 

be made any convenient length. provided the 
feeder is von.sidere(I to " begin" at X-X and the 

line length is adjusted accordingly. 
Bent antennas — Since the fluid strength at, 

a dtstanee is proportional to t he current in the 

antenna, the high-eurrent part of a half-wave 
antenna (the center quarter wave, approxi-

mately) does most of the radiating f,•*: 10-1). 

Advantage can be taken of this fact when the 
space available does not permit erecting :kn 
antenna a half-wave long. In this ease the ends 

may bk bent, either horizontally or vertically 

so that the total length equals a half wave 

even though the straightaway horizonta 
length may be as short as a quarter wave. 

TAMA'', II 

ANTENNA AND rEEDI ir IA. i "it ...quo: r 
:1111111t4Nlp AN-1LN\ 4,, Iis il 

Antenna 
length (ft.) 

137 

100 

Feeder 
leniah 
(ft.) 

38 

67.5 34 

50 13 

33 51 

33 31 

Band 

:15 NI... 
7 Me. 
I I Me. 
28 Me. 

3.5 Mr. 
7 Me. 

II NI c. 
28 Me. 

7 Me. 
14 Me. 
28 Me. 

7 Mc. 
11 Me. 
28 Me. 

lUnIng 

series 
parallel 
parallel 
parallel 
'pair:111.1 

parallel 
series 
series 
series or 
parallel 

series 
paralb•I 
parallel 

parallel 
parallel 
parallel 

parallel 
parallel 
parallel 

7 Me. 
14 Me. 
28 Mc. 

parallel 
series 
parallel 

The operation is illustrated in Fig. 1036. 
Such an antenna will be a sonkewhat bet-

ter radiator than the arrangement of Fig. 
I I13-1-.\ on the lowest frequeney. but is not so 

desirable for multi-It:m(1 operation because the 

ends play an inereasingly important part as t he 

frequency is raised. The perfk kiln:knee of tile 
system in surit a case is difficult to predict, 

especially if the ends are vertiral (the ! mist 

convenient arrangement), heranse of the com-

plex combination of horizon' al and vertical 

polarization which resinls well as 111(' 
directional eliaracteri›t tes. 

/Win - arran ... tin,' for -11.11,1,1 anten-
na-, Th.' total I.•ngth i.-. a half ri not incl.nling the 
fir, Ir-. leirt i- made a- long :.•• 1.011-
% er iii t and OW ends dropped do, o to make up the 
required length. ' 11pe ends pput be bent back it,, 

like feeder- tO I•zurirvi 
,I•ction , itutild b.. at Ira- t a quartcr-s,,I,.. long. 

tJ 10-11 Long-Wire Directive Arrays 

"F" antenna — It has been empha-
sized that, as the antenna length is increasekl, 

the lobe or maximum radiation makes :t more 
acute angle With t he wire (,>*, 10-0). Two skid' 
wires may be combined in the form of a hori-
zont:il " \•'' so that till 101)1•S from each 
wire will reinforre along it line bisecting the 

angle betiveen the wires. This inereases both 
gain and directivity, since the lobes in direc-

tions other t han along the bisector cancel to a 

greater or lesser extent. The horizontal " V 

antenna therefore transmits best in either di 
rection ( is bidirectional) alkmg :t line biseet 

ing the '' V" made by t he two wires. The puss'gain depends Upon the length of the wires. 

Provided the necessary spare is avaihtble, 

the " 1: - 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" auttauitta is sh,>wn iii Fig. 1037. 

Fig. 103S shows the dimensions that should 

be followed for an optimum design to obtain 

maximum power gain for different-sized " V" ant(linas. The linger sy,t etir., give good 

performance in multiband onetatinn. Angle a 

Fig. 1037 — The "V" antenna, made by combining 
two long wires in suelp a way that each reinforces the 
radiation from the other. The important quantities are 
the length of each leg and the angle between the legs. 
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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. 

1038 is the vertical angle of maximum 
radiation (§ 10-1). Tilting the whole 
horizontal plane of the " V" u-ill 
tend to increase the low-angle radia-
tion off the low end ; Ind decrease it 
off the high end. 
The gain increases with the length 

of the wires, but is not exactly twice 
the gain for a single long wire as given 
in Fig. 1029. In the longer lengt hs t he 
gain will be somewhat increased, be-
cause of mutual coupling between 
the wires. A " V" eight wavelengths 
on a leg, for instante, will have a gain 

Ike 
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reticer • TRANSNirrnve-
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Fig. 1039 — The horizontal ri hie or di. I antenna, termi-
nated. Important design dimensions arc indicated; details in text. 

of about 12 db. I ver a half-waVe an-
tenna, whereas twice the gain of a single 8-wave-
length win' would be only approximately 9 db. 
The two wires of the ".. V " must be fed out of 

phase, for correct operation. A resonant line 
rimy simply be attached to the ends, as shown 
in Fig. 1037. Alteratively, it u w arter-ave 
matching serti n q on may be employed and the 
antenna fed thniugh a 11,m- resonant line 
(§ 10-8). If the antenna wires are made multi-
ples of a half wave in length ( use Equati,m 
10, § 10-9, for computing tlw length), the 
matching section will be closed it the free end. 
The rhombic antenna — The horizontal 

rhombic or ‘. diamond" antenna is shown in 
Fig. 1039. Like t he " V," it requires a good deal 
of space for erect ii but it is capable of giving 
excellent gain and directivity. It also can be 
used for multi-batul operation. In the ter-
minated form shown in Fig. 1039, it operates rilike a non-resonant transmissitm line, without standing waves, and is unidireetional. It may 
also be used without I he terminating resistitr, 

-i., 
k, 

e 

44 

2 

2o 

in which case t here are standing waves on the 
wires and the antenna is bidirectional. 
The important quantities influencing the 

design of the rhombic antenna are shown in 
Fig. 1039. While several design methods may 
be used, the one most applicable to the condi-
tions existing in amateur work is the so-called 
"eompromise" method. The chart of Fig. 
1010 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 2, 3 and 4 
wavelengths are shown, and any intermediate 
values may be interpolated. 
With all (it her dimensions correct, an increase 

in length causes an increase in power gain and 
a slight reduction in wave angle. An increase 
in height also causes a reduction in wave angle 
and an increase in power gain, but not to the 
same extent as a proportiimate increase in 
length. For multiband work, it is satisfactory 
to design the rhombie antenna on the basis of 
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DESIGN CHART 
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(4' maXinuen Ouliteil) 95 ---
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Fig. 1038 — Design chart for horizontal "V" antennas, giving 
the enclosed angle between sides vs. the length of the wires. 

11- Me. operation, whielt will permit work 
front the 7- to t he 2N- Me. bands as well. 
A value tuf ,S00 ohms is correct for the 

terminating resistor for any properly coa-
st ruct(91 rhombic, anti the system behaves 
as a pure resistive load under this condi-
tion. The terminating resistor must be 
capable of safely dissipating one-half the 
power out put (to eliminate the rear pat-
tern), and should be nonindurtive. Such a 
resistor may be made up from a carbon or 
graphite rod or front a long 800-ohm trans-
mission line using resistance wire. If the 
carbon rod or a similar form of lumped 
resistance is used, the device should be 
suitably pridected from weather effects, 
i.e., it should be covered with a good 
asphaltie compound and sealed in a small, 
light-weight box or fibre tube. Suitable 
nonreaetive terminating resistors are also 
available commercially. 

For feeding the antenna, the antenna 
impedance will be matched by an 800-
ohm line, which may be constructed 
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Fig.1040 — Compromise-method 
design chart for rl hie antennas 
of various leg lengths and staVP 
angles. The following examples 
illustrate the use of the chart: 
(1) Given: 

Length (L) = 2 wave-
lengths. 

Desired wave angle (A) = 
20°. 

To Find: II, 4. 
Method: 

traw vertieal line through 
point a ( I. = 2 wave-
lengths) and point h on 
abscissa fa = 20°.) Read 
angle of tilt ( 4') for 1,,,int 
a and height ( II) fr  
intersection of line ab at 
point e on curve il. 

Result: 
= 60.5°. 

H = 0.73 wavelength. 
(2) Given: 

Length (I.) = 3 wave-
lengths. 

Angle of tilt (4) = 78°. 
To Find: II, .1. 
Method: 
Draw a vertical line from point don curve I. = 3 

wavelengths at = 78°. Head intersection of 
this line on curve II ( point e) for height, and 
intersection at point f on the aliscis-a for :1. 

Result: 
Il = 0.56 wavelength. 
= 26.6°. 
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from No. 16 wire spaced 20 inches or from No. 
18 wire spaced 16 inches. The 800-ohm line is 
somewhat it to install, however. and 
may be replaced by an ordinary. 600-ohm line 
with only a negligible mismatch. Alternatively, 
a matching sectit to may. I e installed bet ween 
the antenna terminals and a low-iinpedance 
line. However, when such an arrangement is 
used, it will lie nevessary lo change nu III:Itch-
ing-section constants for eanh different band on 
which operation is contemplated. 
The same dusign detail , apply to the tinter-

initiated rhombic as to the terminated type. 
When used wit limit a terminating resistor, the 
system is Indirection...II. Resonant feeders are 
preferable for the unterminated rhombic. A 
non-resonant line may ht. used by invorporat-
ing a matching spetion at t he an but is 
not readily adaptalde to multiband work. 
Rhombic antennas will give a power gain of 

8 to 12 db. or more for leg lengths of t vo to 
four wavelengths, when constructed arcording 
to the charts given. In general, the larger the 
antenna, the greater the power gain. 

'Ye %/a 

(3) 

V/2 

16 18 20 22 2.4 
WAVE ANGLE (4)-DEGREES 

26 28 30 

Q 10-12 Directive Arrays with Driven 

Elements 

Principles — 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 increasing the field strength in that 
direction as compared to that produced by 
one antenna element alone. In other direc-
tions 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 expense of a power reduction 
in other directions. 

Besides the spacing between elements, the in-
st  direction of current flow (phase)\ 
in individual elements determines the directly- \ 
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 sanie 
plane, the elements are said to be broadside 
when the phase of the current is the saine 
ill all, and end-fire when the currents are not 
in phase. Elements which 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 which the spacing and 
phasing has upon the radiation resistance of the 
elements, as well as upon their number. 

Fig. 1011 — Collinear half-wave antennas in 
phase. 'the system at A is generally known as 
"two half waves in phase." B is an extension of 
the system; in theory the number of elements 
may he carried on indefinitely, but practical con-
siderations usually limit the elements to four. 
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Collinear arrays — Simple forms of col-
linear arrays, with the current distribution, 
are shown in Fig. 1041. 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 direc-
tivity and gain is shown in Fig. 1041-B. Note 
that quarter-wave transmission lines are used 
between each element; these give the reversa 
in phase necessary to make the currents in 

TABLE III 

THEORETICAL GAIN OF COLLINEAR HALF-W AVE 
ANTENNAS 

Number of half times 
Spacing between 

centers of adjacent 
half wares 

in array es. gain in db. 

2 3 4 5 6 

, \‘ ave 1.8 3.3 4.5 5.3 6.2 
VI ave 1.2 .1.8 6.0 7.0 7.8 

"ndividual antenna elements all flow in the 
same direction at the saine instant. Another 
way of looking at it is to consider that the 
whole system is a long wire, with alternate 
half-wave sections folded so that they do not 
radiate. Any phase-reversing section may be 
used as a quarter-wave matching section for 
attaching a nonresonant feeder (§ 10-8), or a 
resonant transmission line may be substituted 
for any of the quarter-wave sections. Also, the 
antenna may be end-fed by any of the systems 
breviously described (§ 10-7, 10-8), or any 
'element may be center-fed. It is best to feed at 
the center of the array, so that the energy will 
/be distributed as uniformly as possible among 
/the elements. 
I The gain and directivity depend upon the 
number of elements and their spacing, center-
to-center. This is shown by Table III. Al-
though %-wave spacing gives greater gain, 
it is difficult to construct a suitable phase-
reversing system when the ends of the antenna 
elements are widely separated. For this reason, 
the half-wave spacing is most generally used 
in nand practice. 

Fig. 1042 — Broadside array using parallel half-m a ve 
elements. Arrows indicate the direction of current llow 
Transposition of the feeders is necessary to bring the an-
tenna currents in phase. Any reasonable number of ele-
ments may be used. The array is bidirectional, with 
maximum radiation "broadside" or perpendicular to the 
planeof the antennas (perpendicularly through this page). 
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Fig. 10.13 — Gain %s. ap,w.iiia for two parallel half-wave 
elemen ta combined as either broadside or end-fire arrays. 

Collinear arrays may be mounted either 
horizontally or vertically. Horizontal mount-
ing gives increased horizontal directivity, while 
the vertical directivity remains the same as for 
a single element at the sanie height. Vertical 
mounting gives the sanie 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. 

TABLE IV 

AL GAIN s. OF 11111oinsIDE 
ELENIENTs I I A IF-NV AN I.: SPACINi. 

No. of elements 

.1 
5 

Gain 

4 
5.5 db. 
7 ill,. 
8 db. 
db. 

Broadside arrays — Parallel antenna ele-
ments with currents in phase may be com-
bined as shown in Fig. 1042 to form a broadside 
array, so named because the direction of 
maximum radiation is broadside 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. 10-13. Half-wave 
spacing generally is used, since it simplifie.s the 
problem of feeding the system when the array 
has more than two elements. Table IV gives 
theoretical gain as a function of the number of 
elements with half-wave spacing. 

Broadside arrays may be suspended either 
with the elements all vertical or with them 
horizontal and one above the other (stacked). 
In the former case the horizontal pattern be-
comes quite sharp, while the vertical pattern is 
the same as that of one element alone. If the 
array is suspended horizontally, the horizontal 
pattern is equivalent to that of one element 
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(A) 

10.14 — Combination broadside and eollitiear ar-
rays. A, with vertical s'ls',rr,-,,t-. It, N11111 horizon 
ments. Both arrays give tirs, -angle radiation. 1 , 0 Or 
more sect" s may be used. The gaits in di, mill be equal, 
approximately, to the sun, of the gain for 4.11V Set of 
broadside elements (Table I \ plus t he gain of set of 
collinear elements (Table II D. For e‘ample, in A earls 
broadside set has four ilimients ( gain 7 rit,, and each 
collinear set two elements ( gain 1.8 die.), giving a total 
gain of 8.8 db. In II, each 1'road air le set has two elements 
(gain 4 dis.) and isaelt collinear set three element ( gain 
3.3 elk), making the total gain 7.3.11s. i, not 
strictly accurate, heeause of mutual coupling hcl, 
the elements, but is good gli for Israeli,' t ptirpe,vs. 

while the vertical pattern is sharpened, giving 
low-angle radiation. 

Broadside arrays may be fed either by reso-
nant transmission lines (§ 10-7) or through 
quarter-wave matching sections and non-
resonant lines (§ 10-8). In Fig. 10-12, note the 
"crossing over" of the feeders, which is neces-
sary to bring the elements in proper phase 
relationship. 
Combined broadside and collinear arrays 

— Broadside and collinear arrays may be 
combined to give both horizontal and vertical 
directivity, as well as additional gain. The 
general plan of constructing such antennas is 
shown in Fig. 1044. 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. 

1 

feed 

Fig. 1045— 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 
inslicated. The gain over a half-wave antenna is Sto 6 db. 

The arrays in Fig. 1044 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 
all-around performance, will result when the 
feeders are attached as nearly as possible to the 
center of the array. Thus, in the 8-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. 
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. 1044-1i, known as the " lazy H" 
antenna, has been quite frequently used. This 
arrangement is slam's], wit h the feed point indi-
cated, in Fig. 1015. 
End-fire arrays — Fig. 10-16 shows a pair 

of parallel half-;vaye elements with currents 
out of phase. Titis is known as an end-fire array, 
because it radiates best along the line of the 
antennas, as sh()wn. 
The end-fire array may he used either ver-

tically or horizontally (elements at the same 
heiglà), and is well adapted to amateur work 
because it, gives ma xi mum gait] with relatively 
close element spacing. Fig. 10-13 shows how the 
gain varies witls spacing. End-tire elements may 
be combined with additional collinear and 

• 

10114— I' t,.? arrays using paralli I half-wave 
elements. The elements are shown with hall-, ave spac-
ing to illustrate feeder connections. In mactiee, closer 
spacings are desirable, as shown by Fig. 1013. Direction 
of maximum radiation is shown by the large arrows. 

broadside elements to give a further increase in 
gain and directivity. 

Either resonant or nonresonant lines may be 
used with t his type of array. Nonresonant lines 
preferably are mat elied to the antenna through 
a quarter-wave nintehing section (§ 10-8). 
Checking phasing — Figs. 1044 and 1046 

illustrate a point in connection with feeding 
a phased antenna system which sometimes is 
confusing. In i 1 n• Ih, wlien the transmission 
line is connected is at A there is no cross-
over in the line connecting the two antennas, 
but when the transmission line is connected to 
the center of the connecting line the cross-
over becomes necessary (B). This is because 
in B the two halves of the connecting line are 
simply branches of the same line. In other 
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ti  (A) 
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0.64A 0.64A 

el 

— Simple directive ant • tuna o stems. A ia a 
tn.-element end-lire arra>: II is tile same ;o-ras ss it It 
Venter feed, which permits use ti e art.a till tile , I•Co did 
hartnimie. oiler, it In, .s a foi f-1 lement array su iii 
quarter-. as e spaeing. is a tour-. erol-lire array 

s e spaying. I) is a simpie tn.-element broad-
le array using ex wooled in-phase antennas ""i•Steinleil 

thnible-Z.viiii- ). Tit, gain of and I its 511211115 o'er liii. 
Out the ,el•dilld 11:111111ilii, It n ill e about ill. 2:1111. 

the gain is approsintatel ilk. and isuth 
approsiroatels 3 liii. lui t, II an. (:. the pha-ine hue 
contribute-. I Pith , a,1•1 -ngth 10 ili• 

hen B I- 11-,I liii eln• et•co end ilarmooie, 
this u',nutriistiuiiuu j', ), n as .\ Iturnati,.•1 ,. the 
antenna .. n.1 , ¡nay lie bent to meet the trao-nii-si‘m Ile, 
in s. Inch irise earl. feeder is simply con.iceied io one 

antenna. hi I), poi ) inilirair a quarti•r-o point 
thigh eitrrent) and A- a half-stase point ( Ili,h soil-
age). The line IlIUS be extended uf quarter 
s. as es, if resonant Uglier- are I, u-ed. and 

(: may lie suspended on o spreaders. The platie 

coniai ii i ll g the %s ires shonhi be parallel to the ground. 

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- ware lines in 
parallel. The same thing is true of the un-
transposed line of Fig. 10-14. Note that. under 
these conditions, the antenna elements are in 
phase when the hoe is not, transposed, and 
out of phase %%lien the transposition is made. 
The opposite is the case when the half-wave 
line simidy joins twit antenna elements and 
does not have the feed line connected to its 
center, as in Fig. 1012. 

IlSi Merl i of arrays— With arrays of 
the types just described, using half-wave 
spacing between elements, it, will usunlly 
suffice to make the length of each element 
that given by the equation for a half-wave 
antenna itt § 10-2, while the half-wave phasing 
lilies between the parallel elements can be cal-
culated from the formula: 

Length of half- 493 X 0.975 4S0  
ware line (feet) — Freq. (Mc.) Freq. ( Mc.) 
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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 carefully. 

With collinear arrays of the type shown in 
Fig. 104I-B, the same formula may be used 
for the element length while the quarter-wave 
phasing section (un be caleulated front Equa-
tion 7 (§ 10-5). If the array is fed at its center 
it shouhl not be neeessary to make any particu-
lar adjustments, alt hough, if desired, the whole 
system van be rest mated by connecting an 
r.f. ammeter in the shorting link on each phas-
ing section and moving the link back and 

forth to find t he maximum current 
  position. This refinement is hardly 

necessary in practice, however, so 
long as all elements are the saine length and 
the system is symmetrical. 

Simple arrays — Several simple directive 
antenna systems using driven elements have 
achieved rather wide use among amateurs. 
Fi wr of these systems are shown ill Fig. 1047. 
Tuned feeders are assumed in all cases; how-
ever, a matching sect it (§ 10-8) readily can be 
substituted if a nonresonant transmission line 
is preferred. Dimensions given are in terms of 
wavelength; actual lengths can be calculated 
from the equations in § 10-2 for the antenna 
and from Equation 7 (§ 10-5) for the reso-
nant transmi,sion line or matehing section. 
In cases where the transmission-line proper 
connects to t he mid-point of a phasing line, only 
h(//ft he lengt tin'latter should be added to 
the line to find the quarter-wave point. 

At A and It are t wo-element end-fire arrange-
ment s using close spacing. They are electrically 
equivalent ; the only difference is in the method 
of i•onneeting the feeders. 13 may also be used 
as a four-element array on the second har-
monic, although the spacing is not quite op-
timum (Fig. 10.13) for such operation. 
A close-spaved four-element array is shown 

at C. It will give about 2 dl. 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 gait, is 3 db. over a single 
half-wave antenna, and the broadside direc-
tivity is quite 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. 
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Fig. 10.18— Gain vs. element spacing for an antenna 
and one para-itie element. The referenee point, 0 lii. is 
the field nui th from a half-was e antenna alone. The 
greatest gain in direction A at spacings of le,•: than 
0.14 ss a set', gth. and in direction il at greater › paeings. 
The front- to- back ratio is the difference in lit. between 
curves A and It. \ , holm, in radiation ri•-i-d.ance of the 
driven element : Ir.', .110..n. These curse: are for a 
res ant parasitic element. At tu.,-t sparing,. the gain as 
a reflector can lie increased its gin lengthening of the 
parasitic element: the gain as a direetitr can be increased 
by shortenin g. l'iris also improves the front-to-back ratio. 

III 10-13 Directive Arrays with 
Parasitic Elements 

Parasitic excitation — The antenna arrays 
described in § 10-12 are bidirectional; that is, 
they will radiate in directions both to the 
"front" and to t he " back " of t he antenna sys-
tem. If radiation is wanted in only one direc-
tion (for instance, in brth only, instead of tn)rth-
south), it is necessary to use different element 
arrangements. In most of these arrangements 
the additional elements receive power by in-
ductitift or radiation frf tin the driven element, 
generally called the " antenna," and re-radiate 
it in the proper phase relationship to achieve 
the desired effect. These elements are called 
parasitic elements, as contrasted to the driven 
elements which receive power direetly from the 
transmitter through the transmission line. 
The parasitic element is called a director 

when it reinforces radiation on a line pointing 
to it from the antenna, and a reflector when the 
reverse is the case. Whether the parasitic ele-
ment is a director or reflector depends upon the 
parasitic element tuning (which usually is ad-
justed by changing its length), and, particularly 
when the element is self-resonant, upon the 
spacing between it and the antenna. 
Gain vs. spacing —  The gain of an antenna-

reflector or an antenna-direetor combination 
varies chiefly with the spacing between the 
elements. The way in \vhich gain varies with 
spacing is shown in Fig. 1048, for the special 
case of self-resonant parasitic elements. This 
chart also shows how the attenuation to the 
"rear" varies wit It spacing. The same spacing 
does not necessarily give both maximum for-
ward gain and maximum backward attenua-

tion. Backward attenuation is desirable when 
the antenna is used for receiving, since it 
greatly reduces interference coming from the 
opposite direction to the desired signal. 
Element lengths— The antenna length is 

given by the formulas in § 10-2. 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. 
Simple systems; the rotary beam — Four 

practical combinations of antenna, reflector 
and director elements are shown in Fig. 1049. 
Spacings which give maximum gain or maxi-
mum front-to-back ratio (ratio of power radi-
ated in the desired direction to power radiated 
in the opposite direction) may be taken from 
Fig. 1048. 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-
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Fig. 11).49 — Half-wave antennas with parasitic ele-
ments. A, with reflector; B, with director; C, with both 
director and reflector; D, twit directors and one reflector. 
Gain is approximately as shown by Fig. MK in the first 
two cz,es, and depends upon the spacing and length of 
the parasitic element. lit the three- and four-element 
arrays a reflector spacing of 0.15 wavelength will 
give slightly more gain than 0.1-wavelength spacing. 
Arrows show direct' of maximum radiation. The array 
should be mounted horizontally (top views are shown). 
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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. 
1049, will give more gain and directivity than 
is indicated for a single reflector and director 
by the curves of Fig. 1048. 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, both to reduce the 
ohmic resistance (§ 10-2) of the conductors and 
to secure mechanical rigidity. If the elements 
are free to move with respect to each other, 
the array will tend to show 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 re-
.sistance as measured at the center of the driven 
element drops to a very low value makes some 
systems more desirable than others. The pre-
ferred methods are shown in Fig. 1050. Reso-
nant feeders are not recommended for lengths 
greater than a half wavelength. 
The quarter- or half-wave matching stubs 

shown at A and 13 in Fig. 1050 preferably 
should be 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 procedure is the same 
as that described in § 10-8. 
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, it will give 
an exact 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 sec-
tion may be calculated from Equation 7 ( § 10-5). 
The delta matching transformer shown at D 

is an excellent arrangement for parasitic ar-
rays, and is probably easier to install, mechan-
ically, than any of the others. The positions of 

the taps (dimension a) must be determined 
experimentally, along with the length, b, by 
checking the standing-wave ratio on the line 
as adjustments are made. Dimension b should 
be about 15 per cent longer than a. 
Sharpness of resonance— Peak perform-

ance of a multi-element directive array depends 
upon proper phasing or tuning of the elements, 
which in all but the simplest systems can be., 
exact for one frequency only. However, there is 
some latitude, and most arrays will work well 
over a relatively narrow region such as the 14 
Mc. band. If frequencies in all parts of the band 
are to be used, the antenna system should be 
designed for the mid-frequency; on the other 
hand, if only one frequency in the band will be 
used for the greater portion of the time, the 
antenna might be designed for that frequency 
and some degree of misadjustment tolerated on 
the oceasionally used spare frequencies. 
W hen reflectors or direct ors are used the tol-

erance k usually less than in the ease of driven 
elements, partly because the parasitic-element 
leligt lis are fixed and the operation may change 
appreciably as the frequency passes from one 
side of resonance to t he other, and partly be-

60o-o/,,,, 

A 

0 
600-OM, 
line 

Fig. 1050 — Recommeng ed methods of feeding the 
driven antenna element it close-spaced parasitic arrays. 
'I'he parasitic elements are not shown. A, quarter-wave 
open stub; B, half-wave closed stub; C, concentric-line 
quarter-wave matching section; D, delta matching 
transformer. Adjustment details are discussed in the text. 
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cause the close spacing ordinarily used results 
in a sharp-tuning system. With parasitic ele-
ments, operation should be confined to a small 
region abitut the frequency for which the 
antenna is adjusted if peak performance is to 
be secured. 
Combination arrays — It is possible to 

eombine parasitic elements with driven ele-
ments to form arrays composed of collinear 
driven and parasitie elements and combination 
broadside-collinear-parasitic elements. Thus 
two or more eollinear elements might be pro-
vided with a collinear reflector or direet or set, 
one parasitir element to earl' driven element. 
Or both directors and reflectors might be used. 
A broadside-tadlinear array could be treated 
in the same fashion. 
When combination arrays are built up, a 

rough approximation of the gain to be ex-
peeted may be obtained by adding the gains 
for each type of combination. 'rims the gain of 
two broadside sets of four collinear arrays with 
a set of refleetors, one behind eavit element, at 
quarter-wave spaving for the parasitic ele-
ments, would he estimated as follows: From 
Table Ill, the gain of four collinear elements is 
4.5 db, with half-wave spacing; from Fig. 1013 
III. Table I V, t he gain of two broadside elements 
at half- wave sparing is 4.0 lib.; from Fig. 1048, 
t he gain of a parasitic reflector at quarter-wave 
spacing is 1.5 di,. The total gain is t hen the 
sum, or 13 db. for the sixteen elements. Note 
that using two sets of elements in broadside is 
equivalent to using two elements, so far as 
gain is concerned; similarly with sets of re-
flertors, as against. one antenna and one re-
flector. The :equal gain of the combination 
array will depend, in pr.:letup, upon the way 
in which the power is ( lit Hinted het ween t he 
various elements and upon the effect w Melt 
mutual coupling between elements has upon 
the radiation resist:Mee of t he 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 areftrding ti) these prineiples. 

10-14 Miscellaneous Antenna 

Systems 

Grounded iit& stuna — The grounded an-
tenna is used almost exclusively for 1.75- Me. 
work, where the length required for a half-
wave antenna would be excessive for most lo-
cations. An antenna worked " against ground" 
neet1 be only a quarter-wave long, approxi-
mately, here use the esirth arts as an electrical 
"mirror" which supplies the missing quarter 
wave. The current is maximum at the ground 
connection with st quarter-wave antenna, just 
as it is at the center of a half-wave antenna. 
On 1.75 Mc, the most useful radiation is 

front the vertical part of the antenna, since 
vertically pidarized waves are characteristic of 
ground-wave transmission. It is therefore de-
sirable tu make the down-lead as nearly verm-

Fig. 1051 — Typical grounded an-
tenna for 1.75 Nle., consisting of a 
vertieal -i' 1,111 and a horizontal 
semi  has ing a total length (in-
cluding the ground bail, if the 
latter is III sr, a few feet 
long) of 011,•-quar(er ‘savelen 
Coil I. . 11c,111.1 haVe ah011t 25) 

turns of Nis. 12 wire ori a 3-inch 
diameter f' ' rol. tapped every IV,,, 
or three toril> for adjustment. 
C is a 250 to ..-ttfil ,pftl. variable. 
The coupling Itet,oen L and the 
linal tank coil should lie variable. 

:tat as possible, anti also as high as possible. 
This gives low-angle sky-wave transmission, 
which is most useful isr 'mtg.-distance work at 
night, in addition to a gumd ground wave for 
local work. The horizontal portion contributes 
to high-angle sky-wave transmission, whielt is 
useful for covering short distances on tltis band 
at night. 

Fig. 1051 shows a gr/1unded antenna with 
the top folded to tnake t lie length equal to a 
qua rtf.r WaVg s. 'Clue antenna eoupling apparat us 
consists of t he end. L, tuned by the series con-
denser. f", with I. inductively coupled to the 
transmitter tank cireuit ft; 01-1, 10-6). 

For computation purpnses, the over-(lfilength 
of a grounded system is given by 

236 
Length (feet) — 

This is the total lengt h from the far end of the 
antenna to the ground mimeo ion. The length 
is not critteal, since departures of the order of 
10 to 20 per rent can be compensated by the 
tuning apparatus. 
The ground should preferably be one with 

eonductitrs buried thep enough to rear h nat-
ural moist tire. I n urbzin locations, good grounds 
can be !mule by connecting to the water mains 
where they enter the house: t he pipe should be 
scraped clean and a low-resistanue eonneetion 
made with a tightly fastened ground clamp. If 
no water supply pipes are available, several 
rods or pipes six to eight feet long may be 
driven into the ground at intervals of six or 
eight feet, till being connected together. The 
transmit ter sla mid be located so as to make the 
ground lead as short as possible. 

In locations where it is impossible to secure a 
good ground connection, because of sandy still 
or other considerations, it is preferable to use 
a counterpoise or capacity ground instead of 
an act ind ground connection. The counterpoise 
cunsists of a system of wires, insulated from 
ground and running horizontally above the 
eart li eneath the antenna. The counterpoise 
should have a sufficient number of wires of 
sufficient length to rover well the area inimedi-
ately under the antenna. The wires may be 
(twined into any convenient shape; i.e., they 
may be spread out fan-shape, in a radial pat-
tern, or as three or more parallel wires sepa-

1 
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rated a few feet and running beneath the an-
tenna. The counterpoise may be elevated six 
feet or so above the ground, so that it will not 
interfere with persons walking under it. A low-
resistance connection should be made between 
the usual ground terminal of the transmitter 
and each of the wires in the counterpoise. 

- 

Fig. 1052 — The Al-
ford loop antenna for 
v.h.f. and u.h.f.. made 
up of resonant de-
ments fed in phase, lias 
high radiationellieieney. 

Shortinf Transmission Line 
Bar 

Fig. 1053 — 
Led and phasing ar-
rangements may lie 
used %. ith v.h.f. loops. 
The shorted cads Of the 
dosed quarter-u a ve 
mauling stubs may 
he grounded to a metal 
mast or other support. 

Loaded an tennas — Methods of securing 
maximum usabk ratliat it n fruit a grounded 
ertical antenna of limited heiglit utilize load-

ing mils and capacity tops. The at ter may be 
in the form of a ring or spider or a top-mounted 
outrigger. Captivity Weil raises the maximum 
eurrent point nearer the top of the antenna. 

Allot her form of top loading \ %lick involves 
the insertion of an inductance coil near the top, 
enclosed within a shield can for protection and 
to increase the top eapacity, is particularly 
suited to mobile installations. 
The advantage of top loading in short verti-

cal antennas is t hat it forces the upper portion 
of the antenna to carry a more substantial cuti -
relit. making the efteetive height approaeh 
more closely to the actual physival height. 
1..11.f. loop antennas — Although t he radia-

tion resistance of an ordittary loop transmitting 
antenna is very low. at the very-high fn‘-
quenvies. the Alford loop shown in Fig. 1053 
permits the use of resonant dimensions of the 
ruler ( if j/tj to 1 wavelength on each side, re-

sulting in relatively high radiation efficiency as 
eonnetred with ordinary loop antennas for the 
iwer frequencies. 
Various configurations and feed metinids are 

possible, following t his general pattern. ln 
he form shown in Fig. 1051, t he sides of t he 
loop are half-wave resonant scut ions linked by 
quarter-wave t ransmissigm-line mat citing st tabs 
so arranged that there is a current loop at t he 
center of each side, wit h the currents in the 
various sections all in phase. Since t he shorted 
ends of the quarter-wave stubs are at a voltage 

'Y4 

114 

node, the system may be 
directly attached at 
these points to a 
grounded metal tower or 
similar structure. 
Center- fed dipoles 

with low impedance co-
axial lines or delta-
matched lines may be 
used, the correct phasing 
for each line hieing ar-
ranged at the feed-lino 
terminals. 
"J" antenna — This 

type of antenna, fre-
quently used on the 
very-high frequeneies 
when vertieal polariza-
tion is desired, is simply 
a half-wave radiator fed 
thriiugh a quarter-wave 
middling section (§ 10-st 
the whole being iniiunteil 
vertically as shown in 
Fig. 1054. Adjust ment 
and tuning are as de-
scribed in § 10-8. Dip 
is ti ti tm of the nuitching section, being at prac-
tically zero r.f. potential. can be grounded for 
lightning protection. 
Coaxial antenna — With the ".1" antenna 

radiation from the matching section and the 
tra tis ission line tends to 
combine with the radia-
th from t he antenna in 
simili a way as to raise the 
angle of radiation. At vhf. 
the lowest possible radia-
tion is essential, and 
the coaxia lantenna shown 
in Fig. I 055 was developed 
to eliminate feeder radia-
tion. The center conduc-
tor of a 7t1-t lita concen-
tric transmission line is 
extem led one quarter wave 
beyond the end of the 
line, tit act as the upper 
half of a half-wave an-
tenna. The lower half is 
provided by the quarter-
wave sleeve, the upper 
end of whieh is connected 
to the outer eonductor of 
the concentric line. The 
sleeve at as a shield 
about the transmission 
line and very little cur-
rent is induced on the 
outside of the line by the 
antenna field. The lire is 
non-resonant, since its 
characteristic impedance 
is the same as the center 
impedance of the half-
wave antenna (§ 10-2). 

Metal 
Rod 

insa/ator 

Connected 
to outer 
conductor 
of concentric 
hne 

Meta/ 
Sleeve 

70- ohrn 
concentric 

Fig. 1055 -- Coa sial 
antenna. The imodated 
inner coo.' ilrlor of the 

eoneentrie line 
is eonneeted to die 
quarter-, as e Metal 
rod which forms die up-
per half if the antenna. 

Nay be 
sprounded here 

Fie. 105-1 — ".1" 
antenna, te.na I I. eon-
sirffiled or ha -d ra 
metal tulbing. 'I he 
3 I -n a ve s ert kid sec-
tion may lee ttttttt nted 
as an extension of a 
grt tttttt led Metal mast. 
The mate), in t stiib 
may he ad ell by 

a sliding shorting bar. 



224 THE RADIO AMATEUR'S HANDBOOK 

Fig. 1057— The "g l.p1ane" 
antenna gives low vertical-angle 
radiation with a circular horizon-
tal pattern. The quarter-wave 
mounting section of large-diame-
ter tubing may be mounted on 
a metal mast or other support. 

The sleeve may be made of copper or brass tub-
ing of suitable diameter to clear the transmis-
sion line. The coaxial antenna is somewhat dif-
ficult to construct, but is superior to simpler 
systems in its performance at low radiation 
angles. 

Turnstile antenna — The turnstile antenna 
consists of two half-wave radiators crossing 
each other at right angles and excited 90 de-
grees out of phase. A number of these are some-
times arranged in an array in which the in-
dividual turnstiles in a horizontal plane are 
spaced one above another at half-wave inter-

Fig. 1056 — A "bazooka" 
line balancer, used to con-
nect a balanced center-fed 
dipole to a coaxial trans-
niission line without unbal-
ancing the antenna load. 

vals. Such an array gives nearly uniform 
radiation in all horizontal directions together 
with directivity in a vertical plane. 

Line balancing — A coaxial line connected 
to the center of a half-wave poll enna introduees 
some unbalance because the outer conductor 
has higher capacity to ground than the inner. 
At lower frequenries this wil):11rmee may nid. 
be important, but at v.h.f. and uhf. a small 
difference in capacity between the t wo halves 
of the antenna may have a considerable effect 
upon current distribution. 

Proper balance may be restored by the use 
of a quarter-wave line section as shown in Fig. 
1056. The outer conduct of the transmission 
line is duplicated by a quarter-wave section of 
the same diameter, the two being connected 

together at the 
bottom. The in-
ner conductor of 
the line is con-
ected to the 

extra tubing Sec-
tion and to 
the antenna as 
shown. This 
er minutes but h 
halves of the an-
tenna in tubing of 
the same capac-
ity. The quarter-
wave section, 
when adjusted to 
resonance by the 
shorting bar at 
the bottom, has 
high impedance 
when viewed from 
the antenna ter-
minals and there-
fore has no effect 
on the normal 
operation of the 
system. 

Fig. 1058— Folded dipoles are an elemm ary form of 
broad-band antenna, simply constructm a d easily fed. 

III Wide-band Antennas 

Cylindrical antennas — Radiators such as 
are used for television and broad-band f.m. 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 selectiv-
ity, is sufficient to limit its optimum per-

...... 
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\. .. Concentric ZIntS 

effective 

Fig. 1059— The compact circular loop antt n un is de-
rived from a folded dipole hy hemline it into a t irele. To 
reduce length and concentrate current n tion, ca-
paeity-loadin g end plates are added as in lov, (.1- view. Cir-
cular loops may be siarkrd ai t, -liait wavelength 
intervals for increased vent lea! direetiyity. Circular ar-
rays of three or four folded dipoles, bent nit° I AP or 90° 
arcs and fed in phase are extensively used for u.h.f. 

formance to a narrow frequency range, and re-
adjustment of t he lengt h or tuning is required 
for each narrow slice of the spectrum. With 
t toed transmission lines, the effective length of 
the antenna can be shifted by retuning the 
whole system. However, in the case of an-
tennas fed by matched-impedance lines, any 
appreciable frequency change requires an 
actual mechanical adjustment of the system. 
Otherwise the resulting mismatch with the 
line will be sufficient to cause a significant re-
duction in power input to the antenna. 
A properly designed and constructed wide-

band antenna, on the other hand, will exhibit 
very nearly constant input impedance over a 
range of several megacycles. 
The simplest method of obtaining a broad-

band characteristic is the use of what is termed 
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a " cylindrical" antenna. This is no more than 
a conventional doublet in which large-diameter 
tubing is used for the elements. The use of a 
relatively large dia met er-t o-len gt h rat io lowers 
the Q of the antiques, thus broadening the 
resonance characteristic. 

As t he ilia meter-to-length ratio is inereased, 
end effects also increase. with the result that 
the antenna must be made shorter t han a t hin-
wire antenna result:ding al tile frequeney. 
The reduction boor may be ; is much as 20 
lasr rent with the tubing sizes vonunonly used 
for amateur antennas at v.h.f. 
Folded dipoles— A system rombining the 

radiation (- ha racterist ies of a half-wave antenna 
with the impedance-t ransforming properties of 
a quarter-wave line f § 10-5) is shown in Fig. 

0 73.* -----.1 

014 .1 

Balanced 

Fig. 1060 —  • -al antennas rf 

lively constant impelas Vr a si,ide frequenc rae, ge. 

The three-quarter ma% .• letigth dipole at left and Oa. 
quarter-% ave vertical vs jilt ground plane at x-ight has e 
tile same input impe,lance — approxintatel> te 5 ohms. 
Sheet-tnetal or st • .4) pe construction ma> he used. 

1058-A. Essentially. it is a venter-fed half-wave 
antenna with another half-wave element rim-
sleeted directly bet ween its ends. The spacing 
between the two sect ions should be quite close 
— not more than a few per vent of the wave-
length. As used at very-high freqtsencies. the 
sparing is of the order of an inch or two when 
the elements are constructed of metal tubing. 
The total required length around the temp may 
be calculated by Equation (§ 10-9) for a 
total length of one wavelength. 
The impedance at t he terminals of t he dipole 

is four times that of a half-wave antenna, or 
nearly 300 ohms, when t he antenna cionluetors 
are both the same diameter. A 300-ohm line 
will therefore be nontesonant Nyhen t he a Id rie nit 
is ni nnerted to its output end (§ 10-5). while 
the standing-wave ratio with a 000-ohm line 
will be only of the order of 2 to 1. 
An exat.t mateh with a t',00-010n line can be 

obtained by eit her of two moditirations. One is 

Paeabe,ic 
Shea 

VerCet 

rat/late/ 

(A) 

Ofier-bon ot 

4.1d,atIon 

Or een 

natal°, al 
parabola 

to double the size of one of the elements, as 
shown in Fig. 1058-11; the other is to add an 
additional element in parallel, as in Fig. 1058-C. 
Cone antennas— From the cylindrical an-

tenna various specialized forms of broadly res-
onant radiators leave been evolved, ineluding 
the ellipsoid. spheroid, cone, diamond and 
double diamond. Of t hest'. the conical antenna 
is perhaps the snost interesting. With large 
angles of revolution the charaeteristic itn-
peilanee can he redured to a very low value 
suitable for extremely wide-laind operation. 
The eone may be made up eit her of sheet. metal 
or of multiple wire spines, as in Fig. 1060. 

41 Plane Reflector Antennas 
Plane-sheet relieriors— The small physical 

size of v.h.f. antennas makes practical many 
met hods not. feasible on lower frequenries. For 
example. a plane flat-sheet reflert or may be 
used with a half-wave dipole, obtaining gains 
of 5 to 7 db. Nluch higher gains are attainable 
with a number ot starkeil dipoles. spaced WI 
or .1 wave-lengt h apart . and a larger reflerting 
sheet : such an arrangement is railed a ' bill-
board array. 

Plane reflectors need not be eonstructed of 
Solid sheets. Wire mesh or a grid of a ck,sely 
spaved parallel wire spines are not only more 
easily erer tri  but offer less wind resistance. 
11;erfandir reflectors — ›ilieets formed into 

tlas shape of a section of a parabolic rylinder 
are used with s a driven radiator situated at the 
focus as highly directive antenna systems. If 
the parabolic reflect'''. is ,‘ Iitliciently large so 
that the distance to the foral point es a num-
ber of wavelengths. opt conditions are ap-
proached and the wave aeross the mouth of 

However. if the the reflector is a plane wave. 
reflector is of the same order of dimensions as 
the operating wavelength, or less, the driven 
railiatirr is a ppreria lily sampled to the reflecting 
sheet and minor lobes °ern! ;11 the pal tern. 

Plane sheets shaped ti, a parabolic rurve are 
used te, obtain high directivity in a single plane. 
With apertures of t he order of 10 or 20 wave-
lengths, a beam width of 5' 'may be arlsieved. 
A reflecting paraboloid must be carefully de-

signed and constructed te, obtain ideal per-
formative. The antenna must be located at the 
foral point. The most desirable foval length of 
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Fig. loo) — Plane-sheet reflectors for s.lt.f. and tait. f. slicm , a paraleoli, ,leect and It a soltarc-con.er reflector. 
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TABLE V 

Frequency 
Band 

Length 
of Side 

Length of 
Ee „,.. 

'"'"ce Elements 

Number of 
Reflector 
Elements 

Spacing of 
  . 

Reflector 
Elements 

Spacing 
of Driven 
Dipole 

to vertu 

224-230 Mc. 
(1 ,4 meter) 

4' 2" 4' 7" 20 5" 2' 2" 

112-116 Me. 
(2% meter) 

8' 4" 5' 2" 20 10" 4' 4" 

112-116 Mc. 
(2% meter) 

6' 8" 5' 2" 16 10" 3' 6" 

56-60 Mc. 
(5 meter) 

16' 8" 10' 4" 20 l' 8" 8' 8" 

56-60 Me.' 
(5 meter) 

13' 4" 10' 4" 18 1' 8" 6' 11" 

Dimensions of square-corner reflector for the 
224-, 112-, and 56-Me. bands. Alternative de-
signs are listed for the 112- and 56-Mc. bands. 
These designs, marked (*), have fewer reflector 
elements and shorter sides, but the effectiveness 
is only slightly reduced. There is no reflector 
element at the vertex in any of the designs. 

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 port ion of t he radiation. 
Corner reflecton antenna — The " corner" 

reflector consists of two flat conducting 
sheets which intersect at a designated angle. 
The corner reflector antenna is particularly 
useful at v.h.f. where structures one or two 
wavelengths in maximum dimensions are more 
practical to build than larger systems. 
The plane surfaces are set at an angle of 900, 

with the antenna set on a line bisecting tisis 
angle. For maximum performance, the distance 
of the antenna from the vertex should be 0.5 
wavelength, but compromise designs can be 
built with closer spacings (see Table V). 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 con-
nected together electrically. 

If the driven radiator is situated on a line 
bisecting the corner angle, as shown in Fig. 
1061, 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° can be used, 
with some decrease in gain. A 180° " corner" is 
equivalent to a single flat-sheet reflector. With 
angles smaller than 90°, 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 112- and 56-Mc. square-corner reflector 
in Table V has a dipole-to-vertex spacing of 0.4 
wavelength. At this spacing the driven dipole 
radiation resistance is still somewhat higher 
than its free space value, but is considerably 
less than when the spacing is 0.5 wavelength. 
Horn radiators— On the ultrahigh frequen-

cies a metal horn can be used to guide and 
concentrate the wave in a sharp beam. Highest 
directivity is secured when the mouth of the 
horn has a dimension large compared with the 
wavelength. Factors governing the gain in-
clude flare angle, length and mouth diameter. 

Various types of horn radiators include the 
simple secloral horn, flared linearly in only one 
dimension; the pyramidal horn, flared in two 
dimensions; the conical horn, a section of a 
cone whose apex is terminated in a cylindrical 
wave guide or cylindrical coupling section; and 
the biconical horn, consisting of two cones 
joined back to back at tile apex. 

Receiving antennas — Nearly all of the 
properties possessed by an antenna as a radia-
tor also apply when it is used for reception. 
Current and voltage distribution, impedance, 
resistance and directional characteristics are 
the same in a receiving antenna as if it were 
used as a transmitting antenna. This reciprocal 
behavior makes possible the design of a receiv-
ing antenna of optimum performance based on 
the same considerations that have been dis-
cussed for transmitting antennas. 

Tite 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; 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-
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. A change-over switch or relay, 
connected in the antenna leads, can be used to 
transfer the connections from the receiver to 
the transmitter. 

In selecting a directional receiving antenna it 
is preferable to choose a type which 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. 



Chapter Eleven 

Construction Practice 
IN CONTRAST to the earlier days of 

amateur radio, when many components were 
”htainable only at prohibitive prices or not at 
:dl, the construction of a piece of equipment 
t hese days resolves itself chiefly into the proper 
at and wiring of manufactured com-
ponents from the wide assortment available. 

Tools 
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 found 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 
panels and metal chassis for assembly and 
wiring. A few additional tools will make cer-
tain operations easier, so it is a good idea for 
the amateur who does constructional work at 
intervals to add to his supply of tools from 
time to time. The following list will be found 
helpful in making a selection: 

Bench vise, 4-inch jaws. 
Tin shears, 10-inch, for cutting thin sheet 

metal. 
Taper reamer, -inch, for enlarging small 

holes. 
Taper reamer, 1-inch, for enlarging holes. 
Countersink for brace. 
Carpenter's plane, 8- to 12-inch, for wood-

working. 
Carpenter's saw, cross-cut. 
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, 
Cold chisel, -inch. 
Wing dividers, 8-inch, for scribing circles. 
Set of machine-screw taps and dies. 
Folding rule, 6-foot. 
Dusting brush. 

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 for 
anyone in a position to acquire them. 

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 well-kept, sharp-edged tools. A few 
minutes spent with the oil stone or emery 
wheel now and then will maintain the fine cut-
ting edges of knives, drills, chisels, etc. 

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 oil-stoning 
of the cutting edges of a drill or reamer will ex-
tend the time between grindings. Stoned cut-
ting edges also will stand more feed and speed. 
The soldering iron can be kept in good 

condition by keeping the tip well tinned with 
solder and not allowing it to run at full voltage 
for long periods when it is not being used. 
After each period of use, the tip should be re-
moved and cleaned of any scale which may 
have accumulated. An oxidized tip may be 
cleaned by clipping 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. 

All tools should be wiped occasionally with 
an oily cloth to prevent rust. 

INDISPENSABLE TOOLS 

tong-nose pliers, 6-inch. 
Ifiactinal cutting pliers, 6-inch. 
screwdriver, 6- to 7-inch, -inch blade. 
screwdriver, 4- to 5-inch, !,.-inch blade. 
Scratch awl or scriber for marking lines. 
Combination square, 12-incli, for laying out work. 
Iland drill, 14-itich chuck or larger, 2-speed type 

preferable. 
Electric soldering iron. 100 watts. 
I facksaw, 12-inch blades. 
(*enter punch for marking hole centers. 
hammer, ball peen, 1-1b. head. 
I feavy knife. 
Yardstick or other straight-edge. 
Carpenter's brace with adjustable hole cutter or 

socket-hole punches ( see text). 
l'air of small C-clamps for holding work. 
Large, coarse, flat file. 
large round or rat-tail file, -inch diameter. 
three or four small and medium files—fiat, round, 
half-round, triangular. 

Drills, particularly q-incli and Nos. 18, 28, 33, 42 
and 50. 
'ombination oil stone for sharpening tools. 

Solder and soldering paste ( non-corroding). 
Medium-weight machine oil. 

227 



228 THE RADIO AMATEUR'S HANDBOOK 

e Useful Materials 
Small >tucks 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). 

3,-inch square brass rod or Y2 X Yz X 1/16-
inch angle brass for corner joints. 

3j-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 hi-inch to 
1 -inch. (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 
quantities of a gross. 

( Construction Planning 

The construction of any piece of radio equip-
ment requires careful planning, proper coordi-
nation of parts, circuit and layout to achieve the 
desired result. 
Equipment can be divided into three main 

classifications — experimental, temporary and 
permanent. Each class has its own peculiarities 
and limitations affecting design and construc-
tional details. 

Experimental equipment, such as the gear 
thrown together to investigate the possibilities 
of some newly published circuit, or an original 
idea, requires a simpler approach and less work 
than a unit to be used in the regular station. 
Experimental equipment may be built " bread-
board" style on a board faced with a thin 
sheet of metal for grounding purposes, or even 
on an old chassis from the junk box. If the 
chassis has been previously used the old socket 
and screw holes may save time and effort. 
Random parts and a semi-makeshift arrange-
ment can be used. Plenty of space for changes 
in wiring and components must be available. 
While temporary equipment such as a power 
supply built in an emergency, to replace a 
defective transmitter bias supply, does not 
require the same amount of planning and care 
in assembly as did the original bias supply, it 
should be attached firmly to the chassis and 
wired securely to prevent breakdowns. Con-
nections should be soldered and safety precau-
tions taken since it is difficult to anticipate the 
exact use or required length of service life of 
this type of equipment. 

Permanent equipment requires the most 
careful planning and assembly since it must 
necessarily fit in with other units. Permanent 

equipment consists of three main classes — 
fixed station, mobile and portable. 

In fixed-station usage, several types of con-
struction are available. For example, take the 
case of a proposed exciter power supply. Will 
this unit be made a permanent part of the 
exciter but not located adjacent to it; will it be 
removed and used as a source of power for 
some other equipment such as an experimental 
amplifier; or will it be constructed as an inte-
gral part of the exciter? The type of construc-
tion chosen for any given unit must depend on 
the foreseeable uses that will be made of it. 
Thus, in the case of the exciter power supply, 
if it is to be used with but not attached to the 
exciter, it should be packaged so it can be 
moved and connected to other equipment. For 
maximum utility, both screw-type terminals 
and plug- and socket-type connections should 
be available. If it is desirable to use the supply 
in the field such as on Field Day, it must be 
more sturdily built and should be provided 
with a protective cabinet or box. 

If the exciter supply is made a permanent 
part of the exciter, its design must be coordi-
nated with the exciter unit as a whole, a 
chassis .of suitable size and form must be 
selected and a layout made to fit all the com-
ponents into the available space. 

In fixed-station applications, assemblies of 
small units built to conform with the available 
space may prove to have more convenience 
and utility than large masses of assembled 
parts, such as a cabinet type, in which it is 
extremely difficult to replace defective parts or 
to make changes readily. This type of equip-
ment includes power supplies, volt-ohmmeter 
units, audio amplifiers and any type equipment 
which may have more than one use in or around 
the station. For example, if the speech ampli-
fier were designed to be removed readily it 
could perform double duty as a public-address 
amplifier and used for a club " jam" session. 
This would be feasible, however, only if pro-
visions were made for quick and easy removal, 
and connection to the normal gear. Such an 
amplifier should be built self-contained, with 
power supply, and terminated with plug-in 
type connectors to fit both the phonograph 
pick-up and the 'phone-rig connections. All 
multi-purpose equipment must be built 
solidly, readily demountable and with some 
system of universal connections. 
The desirable features of portable equip-

ment combine those of fixed and mobile sta-
tion apparatus plus lightness and compactness. 
Portables are usually packaged in at least two 
units, one containing the transmitter-receiver 
(or transceiver) and the other, the power sup-
ply or source. 

41 Specialized Construction Technique 

Mobile equipment must be laid out and 
assembled to prevent damage due to vibration 
and shock. In addition to the standard good 
practices of construction, mobile equipment 
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requires additional care in the mounting of 
components, the placement of parts to prevent 
detrimental heating effects and in the arrange-
ment of the wiring. Heavy leads should be 
pre-formed to fit between the connecting points 
in order to prevent mechanical strain on the 
components. Fixed resistors and condensers 
should be fastened at both ends, clipping the 
wire leads short and attaching them to ter-
minal strips or blocks, and large units should 
also be fastened at the center. Transformers 
should be securely bolted to the chassis, using 
bolts that fill the mounting holes in the trans-
former. Chassis should be solidly constructed 
of heavy metal. Ordinary chassis spot-welded 
in the corners will not be satisfactory for 
mobile sets. The chassis should be of the type 
in which the corners are bent over and securely 
riveted, then welded, and should have a lip at 
the bottom for rigidity. Cast- chassis are 
usually excellent for mobile units. Cross-
bracing of a chassis will strengthen it. Coils 
should be wound on rigid low-loss forms and 
securely mounted. For example, the output 
tank coil of a 50-Mc. transmitter can be wound 
on a solid grooved dielectric rod, which is then 
mounted vertically on the chassis, adjacent 
to the plate tank condenser, using one large-
size brass machine screw. The antenna coil can 
be wound also on the same rod. 

Detuning and loss of efficiency might result 
if, for example, the same coils were mounted 
directly on the terminals of their respective 
variable condensers without having a solid 
support and mounting. 
Ground connections must not be spot-

soldered to the chassis. Instead, they should 
be made to ground lugs or straps provided for 
that purpose. Lockwashers or locknuts must 
be used on all screws. Stranded hook-up wire, 
laced into cables and securely fastened down, 
has been found highly desirable in mobile 
sets. 
The use of tube locks is almost imperative 

on any tubes except the smaller metal types 
(such as 6C5, 6H6, etc.). Certain common types 
of ceramic sockets require tube locks for all 
tubes. Fiber wafer sockets should be avoided 
because of their lack of mechanical strength 
and holding ability. 

Mobile installations are affected by shock 
and vibration and every effort must be taken 
to prevent mechanical or electrical damage and 
to prevent parts from shaking loose. Special 
components such as variable condensers, coils 
and transformers are available for such use 
and should be included in this type of equip-
ment. 

In the construction of v.h.f. equipment 
many familiar practices must be discarded or 
modified. Actual physical relationships be-
tween components becomes extremely im-
portant since every inch of wire constitutes a 
tuned circuit and every condenser is also an 
inductance. Stray capacitance and inductance 
may lead to a loss of gain or sensitivity and 

may cause detuning and instability. Grounds 
must be grouped and connected to definite 
points rather than indiscriminately to the 
chassis. Special by-pass technique is required 
since the condensers ordinarily employed for 
that purpose will not function in the same 
manner as on the lower frequencies. For ex-
ample, the following table shows the approxi-
mate value of the usual postage-stamp con-
denser capacity which, together with the in-
ductance of the leads, will be approximately 
self-resonant in the amateur bands shown. At 
signal frequencies, no greater by-pass capacity 
should be used (for an indicated lead length) 
than the one shown for the highest frequency 
to be covered. 

Lead Length (total) 

Max. Frequency 34" 1" 2" 

28-30 Mc.  3000 55M. 2000 Jr/dd. 1000 µµM. 500 µµfd. 
56-60  750 500 350 i 50 
112-116  200 150 75 40 
224-230  80 40 20 10 
448-  15 8 4 — 

Symmetry of push-pull circuits is essential 
in v.h.f., both from an electrical and a mechan-
ical viewpoint. 
• Copper straps may be utilized for connec-
tions in place of straight copper wire, which 
has considerable inductance at the higher 
frequencies. 
More effective by-pass condensers for v.h.f. 

may be made by attaching a square inch or so 
of flat copper or brass strip, insulated by mica 
or polystyrene, to the chassis, immediately 
adjacent to the connection to be by-passed. 

Allowance must be made for the capacity 
and inductance of components, such as tube 
elements, leads, chassis, and metal shielding. 

All joints must be soldered, using plenty of 
heat and care to ensure a good sweated joint. 

Particular care must be taken to provide ade-
quate conductor size where large r.f. currents 
are present such as in tuned lines. 

All vibration and movement of components 
must be completely eliminated since the slight-
est change in capacity will affect the critical 
circuits. The elements in resonant cavities 
must be rigidly fastened. 

Wire-wound resistors must be avoided in 
any circuit where r.f. is present. Carbon re-
sistor values will not be reliable as the fre-
quency is increased and the metallized-filament 
type resistor must be used where critical 
values are required. 

Since the successful performance of v.h.f. 
equipment largely depends on the absence of 
stray and undesired capacities and inductance, 
extreme care must be taken in the mechanical 
as well as the electrical organization of the 
chassis. For example, the correct rotation of a 
socket may shorten an important tube lead as 
much as an inch — which may have enough 
inductance to resonate with the tube-element 
capacity at 500 Mc. 
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(. Chassis Construction 

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 

wrapping paper or, preferably, cross-section 
paper, folding the edges down over the sides 
of the chassis and fastening with adhesive tape. 
Then assemble the parts to be mounted on top 
of the chassis and move them about until a 
satisfactory arrangement has been found, keep-
ing in mind any parts which are to be mounted 
underneath, so that interferences in mounting 
may be avoided. Place condensers and other 
parts with shafts extending through the panel 
first, and arrange them so that the controls will 
form the desired pattern on the panel. Be sure. 
to line up the shafts squarely with the chassis 
front. Locate any partition shields and panel 
brackets next, and then the tube sockets and 
any other parts, marking the mounting-hole 
centers of each accurately on the paper. Watch 
out for condensers whose shafts are off center 
and do not line up with the mounting holes. 
Do not forget to mark the centers of socket 
holes and holes for leads under i.f. transformers, 
etc., as well as holes for wiring leads. 

Fig. 1101 — Method of measuring the heights of con-
denser shafts, etc. If the square is adjustable, the end 
of the scale should be set flush with the face of the head. 

By means of the square, lines indicating ac-
curately the centers 6f 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 
of the chassis should be transferred to the 

panel, by once again fastening the panel to the 
chassis and marking it from the rear. 

Next, mount on the chassis the condensers 
and any other parts with shafts extending to 
the panel, and measure accurately the height 
of the center of each shaft above the chassis, 
as illustrated in Fig. 1101. The horizontal dis-
placement of shafts having already been 
marked on the chassis line on the panel, the 
vertical displacement can be measured from 
this line. The shaft centers may now be marked 
on the back of the panel, and the holes drilled. 
Holes for any other panel equipment coming 
above the chassis line may then be marked and 
drilled, and the remainder of the apparatus 
mounted. 

«I Cutting and Bending Sheet Metal 

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 so far that 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 

« Drilling and Cutting Holes 

When drilling holes in metal with a hand 
drill it is important that the centers first be 
located with a center punch, so that the drill 
point will not " walk" away from the center 
when starting the hote. Care should be taken 
not to use too much pressure with small drills, 
which bend or break easily. 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 5.-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 h-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 
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reamer for holes up to the diameter of the file, 
if the file is revolved counter-clockwise. 
For socket holes and other large round holes, 

an adjustable cutter designed for the purpose 
may be used in the brace. The cutter should be 
kept well-sharpened. Occasional application 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 convenient 
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. 

A 

Fig. 1102 - To cut rectangular holes in a chassis, 
,orner holes may be filed out as shown in the shaded 
portion of B, making it possible to start the hacksaw 
blade along the cutting line. A shows how a single. 
ended handle may be constructed for a hacksaw blade. 

Square or rectangular holes may be cut out 
by making a row of small holes as previously 
described, but is more easily done by drilling 
a !'(?-inch hole inside each corner, as illus-
trated in Fig. 1102, and using these holes for 
starting and turning the hacksaw. The sock-
et-hole punch also may be of considerable 
assistance in cutting out large rectangular 
openings. 
The burrs or rough 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. 

C, Crackle Finish 

Wood or metal parts can be given a crackle 
finish by applying one coat of clear Duco or 
Tri-Seal and allowing it to dry over night. A 
coat of Kern-Art Metal Finish is then sprayed 
or applied thickly with a brush, taking care 
that the brush marks do not show. This should 
be allowed to dry for two or three hours and 
the part should then be baked in the kitchen 
oven at 225 degrees one and one-half hours. 
This will produce a regular commercial job. 
This finish, which comes in several different 
colors, is made by Sherwin-Williams Paint Co. 

Number 

NUMBERED DRILL SIZES 

Diameler 
(mils) 

Will Clear 
Screw 

Drilled for 
Tapping Iron, 
Steel or Brass* 

1 228.0 
2 221.0 
3 213.0 
4 209.11 
5 205.0 
6 204.0 
7 201.0 
8 199.0 
9 196.o 
10 193.5 
11 191.0 
12 189.0 
13 185.0 
14 182.0 
15 180.0 
16 177.0 
17 173.0 
18 101.6 
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 
20 184.0 
30 128.5 
31 120.0 
32 116.0 
Si 111.0 
34 111.0 
86 110.0 
36 106.5 
37 104.0 
38 101.5 
39 099.5 
40 098.0 
41 096.0 
42 M.& 
43 089.0 
44 086.0 
45 082.0 
46 081.0 
47 078.5 
48 076.0 
49 073.0 
60 070.0 
51 067.0 
52 063.5 
53 059.5 
54 055.0 

12-24 

12-20 

10-32 
10-24 

8-$2 

4-10 4-40 

3-4- 8 

2-56 

14-2- 4 

12-2- 4 

12-20 

10-32 

10-24 

8-12 

8-12 

4-118 4-40 

3-48 

2-46 

*Use one use larger for tapping bakelite and hard rubber. 

11 Twist Drills 

Twist drills are made of either high-speed 
steel or carbon steel. The latter type are 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 above 
will be the drills most commonly used in con-
struction of amateur radio equipment. It is 
usually desirable to purchase several of each 
of the commonly used sizes rather than a 
quantity of odd sizes, most of which will be 
used infrequently, if at all. 
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E. 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 drill chart) may be 
threaded for screws by means of taps. 'Paps 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 
die. The die may be started easily by first filing 
a sharp taper or bevel on the end of the rod. In 
tapping a hole, extreme care should be used to 
prevent breaking the tap. The tap should be 
kept at right angles to the surface of the ma-
terial, and rotation should be reversed a revolu-
tion or two whenever the tal) begins to turn 
hard. With care, holes can be tapped rapidly by 
clamping the tap in the chuck of the hand drill 
and using slow speed. Machine oil applied to 
the tap usually makes cutting easier and stick-
ing less troublesome. 

Cleaning and Finishing Metal 

Parts made of aluminum can be cleaned up 
and given a satin finish, after all holes have 
been drilled, by placing them in a solution of 
lye for one-half to three-quarters of an hour. 
Three or four tablespoonfuls of lye should be 
used to each gallon of water. If more than one 
piece is treated in the same bath, each piece 
should be separated from the others so as to 
expose all surfaces to the solution. Overlap-
ping of pieces may result in spots or stains. 

(L Hook-Up Wire 
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 is 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 

RIGHT WAY 

age Wires 

WRONG WAY 

Fig. 1103 — It and u roil g methods of lacing cable. 
With the right way the leading line is pinched under each 
turn and will not loosen if a break occurs in the lacing. 

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 in the 
Appendix). Rubber-covered house-wire sizes 
• No. 14 to No. 10 are suitable for heavy-current 

transmitting tubes, while No. 18 to No. 14 
flexible wire is satisfactory for receivers 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. The smaller sizes have sufficient 
insulation to be safe at 1000 to 1500 volts, 
while the more heavily insulated types should 
be used for voltages above 1500. 

(Wiring Transmitters and Receivers 

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. 1103 shows the correct way of lac-
ing cabled wires. When done correctly the 
leading line is held tightly pinched in place 
after tension has been removed, and therefore 
does not loosen readily. When the wrong 
method is used the turns will loosen up as soon 
as tension is removed. 

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 fibre terminal strips as an-
chorages. These strips also form handy mount-
ings for wire-terminal resistors, etc. When any 
particular unit is provided with a nut or thumb-
screw terminal, soldering-lug wire terminals to 
fit are useful. 

High-potential r.f. wiring should be well 
spaced from the chassis or other grounded 
metal surfaces and should be run as directly as 
possible between the points to be connected, 
without fancy bends. When wiring balanced or 
push-pull circuits, care should be taken to 
make the r.f. wiring on each side of the circuit 
as symmetrical as possible. Where it is neces-
sary to pass r.f. wiring through the chassis, 
either a feed-through insulator of low-loss mate-
rial should be used or the hole in the chassis 
should be of sufficient size to provide plenty of 
air space around the wire. Large-diameter rub-
ber grommets can be used to prevent acci-
dental short-circuits to the chassis. 

By-pass condensers should be connected 
directly to the point to be by-passed and 
grounded immediately at the nearest available 
mounting screw, making certain that the screw 
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makes good electrical contact with the chassis. 
Care should be taken to connect the marked 
side of tubular paper by-pass condensers to 
ground. Blocking and coupling condensers 
should be well spaced from the chassis. 

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. 

II 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. 
Wartime solder, which has a much smaller 

ratio of tin to lead, requires considerably more 
heat, and it becomes especially important to 
keep the iron clean at all times. More care must 
be exercised in making the joint because the 
new solder does not flow as readily, and also 
has a tendency to crystallize. 

Soldering paste, if of the non-corroding 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-
tion. 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. 
Do not attempt to make ground connections 

to a cadmium-plated chassis by soldering to 
the surface of the chassis, since the plating 
may be loosened by the heat and later fall 
off, breaking the connection. Drill a hole in 
the chassis and solder the wire in the hole. 

Construction Notes 

Lockwashers should be used under nuts to 
prevent loosening with use, particularly when 
mounting tube sockets or plug-in coil recep-
tacles subject to frequent strain. 

If a control shaft must be extended or in-
sulated, a flexible shaft coupling with adequate 
insulation should be used. Satisfactory support 
for the shaft extension can be provided by 
means of a metal panel bearing made for the 
purpose. Never use panel bearings of the non-
metal type unless the condenser shaft is 
grounded. The metal bearing should be con-
nected to the chassis with a wire or grounding strip. 
This prevents any possible danger of shock. 

• 
The standard way of mounting toggle 

switches is with the switch " On" when the 
lever is in the upward position. 

Variable condensers and resistors, having 
one-hole mountings, should be firmly fastened 
using the special lock washers provided for 
shaft nuts. 
The use of fiber washers between ceramic 

insulation and metal brackets, screws or nuts 
will prevent the ceramic. parts from breaking. 

Coil Winding 

Dimensions for coils for the various units 
described in the constructional chapters are 
given under the circuit diagrams. Where no 
wire size is given, the power is sufficiently low to 
permit use of any available size within reason. 

Unless a close-wound winding is definitely 
specified, the number of turns indicated should 
be spaced out to fill the specified length on 
the form. The length should be marked on the 
form and holes drilled opposite the pins to 
which the ends of the winding are to connect. 
Serape one end of the wire and pass it through 
the lower hole in the form to the pin to which 
the bottom end of the winding is to connect, 
and solder this end fast. Unroll a length of wire 
approximately sufficient for the winding, and 
clamp the spool in a vise so it will not turn. 
The wire should be pulled out straight and the 
winding started by turning the form in the 
hands and walking toward the vise. A fair ten-
sion should be kept on the wire at all times. 
The spacing can be judged by eye. If, as the 
winding progresses, it becomes evident that the 
spacing is going to be incorrect to fill the re-
quired length, the winding can be started over 
again with a different spacing. If the spacing 
is only slightly off, the winding may be finished, 
the top end fastened, and the spading corrected 
by pushing each turn. When complete, the 
turns should be fastened in place with coil ce-
ment. After a little practice, the job of deter-
mining the correct spacing will not be difficult. 
Sometimes it is necessary to adjust the num-

ber of turns on a coil experimentally. The easi-
est way to do this is to bring a wire up from one 
of the pins, extending it through a hole in the 
form for a half-inch or so. The end of the wind-
ing may then be soldered to this extension 
rather than to the pin itself, and the nuisance 
of repeatedly fishing the wire through the pin 
avoided until the correct size of the winding has 
been determined. 

e Coil Cement 
Duce cement, obtainable universally at hard-

ware, stationery or 5-and- 10-cent stores, is 
satisfactory for fastening coil turns. For small 
coils, a better-looking job will result if it is 
thinned out with acetone (amyl acetate), 
sometimes referred to as banana oil. If desired, 
the solution may be made thin enough to per-
mit application with a brush. 

Special low-loss coil " dopes" are available, 
including some with a polystyrene base. 
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Receiver Construction 
(I. A Two-Tube Regenerative Receiver 

Tam regenerative-deter tur ver 

has long been a favorite with beginner,. -Mee 

it is comparatively easy to construct and 

adjust. A receiver of this type is shown in Figs. 

1201, 1202 and 1204. It is designed to operate 
with tubes of either battery or a.c. type, and 

covers a total frequency range of 550 kc. to 32 
Mc. with a series of plug-in coils. Sufficient 

audio output is available to operate a small 

permanent-magnet loudspeaker. 
The circuit diagram appears in Fig. 1203. 

The antenna is coupled to the input circuit of 
the detector by means of the adjustable mica 

condenser, CI. The input circuit is tuned to the 
frequency of the incoming signal by means of 

the variable condensers, C2 and C3. C3 is used fur 
general-coverage tuning, while C2 is provi, I 

for bandspread tuning over a narrow band or. 

frequencies anywhere within the total receiver 

range. C3 serves also as the band-set condenser 
to locate the starting point of the range covered 
by C2. C3 has sufficient capacity range to cover 

the entire broadcast band with a single coil 
when used for general-coverage tuning. 
Feed-back for regeneration is supplied by L2. 

The amount of regeneration may be adjusted 
by means of R4 which varies the screen voltage. 

The output of the detector is coupled to the 
input of the audio amplifier by means of the 
audio reactor L3, and the coupling condenser, 

Cg. While it is preferable to use a high-in-
ductance (up to 1000 henries) reactance de-

signed for this purpose, an ordinary filter choke 
of 15 to 30 henries will make an acceptable 

substitute. Volume may be adjusted for 
speaker or headphones by R2. T is the output 

transformer coupling the plate of the audio 

Fig. 1202 — Rear view of the two- tithe regenerative 
receiver. Near the panel, from left to right are the 
handspread t g condenser, (:2. tin- plug-in coil and 
the general-coverage tumult g condein-er, Cr,. the audio-
amplifier tube, the output transformer, T, and the 
detector tube are lined up along the rear. The 4-prong 
socket set in the rear edge of the chassis is for connecting 
a small p.m. II ,IIIISIleaker. The antenna te al is at 
the right. The beater as. itch is mounted on the panel. 

amplifier to the speaker. When headphones are 

used they are plugged into the closed-circuit 

jack, ./. which automatically opens the voice-
coil circuit thereby silencing the speaker. 
The components for the receiver shown in 

the photographs were assembled on an 8 X 63/2 
X 2-inch chassis bent up from sheet metal, 
although a standard steel chassis 7 X 7 X 2 

inches will accommodate the parts equally 

well without any change in the relative posi-

tions shown in the photographs. The two 
t itting condensers are MOM' ted on ceramic 

fig. 1201— Panel view of the two-tube regenerative 
receiver. The dial to the left controls the general-
cos erase or band-set tuning condenser, Cr,, while the 
one to the right is the bandspread t g dial which 
controls C2. At the bottom the regenera  control is 
on the right and the audio volume control, R2., at the 
left. The stand-by switch, Si, is in the lower left-hand 
, ruler and the headphone jack occupies the opposite 
, orner. The toggle switch at the top of the panel is the 
heater switch, S2. Tube-base coils are shown at the 
right. This view shows also the method of mounting 
the antenna coupling condenser, Ci, the grid condenser. 
Cs, and the grid-leak resistor, RI, on the frame of Qs. 

234 
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Fig. 1203 t ircijil diagram of the 
two-tube regenerative recek er. 

3-30-mmfd. mica trimmer. 
C2 — 100-ppfd. midget variable 

condenser (National EX 
100). 

C3 — 365-ppfd. variable (in the 
unit pictured, one section 
of a dual b.c. replacement 
variable, Meissner 21-5214). 

C4— 0.001-pfd. mica. 
Cs — 250-ppfd. mica. 
CG, C7 — 100-ppfd. mica. 
Cs — 0.05-pfd. paper. 
Cg — 10-pfd., 25-volt electrolytic. 
Cto — 0.1-pfd. paper. 
R1 — 2 megohms, Y2 watt. 
R2— 500,000-ohm volume control. 
R3— Cathode resistor, see text. 
114 -  25,000-ohm potentiometer. 
Rs — 15,000 ohms, 1 watt. 
RFC — 15-mh. r.f. choke. 
oIi, L2 — See text and coil table. 

AMT. 

Pillars or metal spacers so that the two shafts 
are elevated to the same height above the chas-
sis level while their centers are separated by a 
distance of 4% inches. 
The coil socket is located midway between 

the two variable condensers and also is ele-
vated above the chassis on small metal pillars 
so that its terminals will be accessible for con-
nections to the condensers. One side of the 
antenna coupling condenser, CI, is fastened to 
a stator terminal of C3, while a wire running 
through a small hole in the chassis directly 
underneath connects the opposite side of C1 
to the feed-through antenna terminal set in 
the rear edge of the chassis. 
The grid condenser, C5, is supported on a 

small fibre lug strip fastened near the top of 
the frame of C3 to bring it up to the level of the 
grid terminal of the detector tube, while the 
grid leak, R1 is supported by its leads between 
one terminal of Cs and one of the mounting 
screws in the chassis. 
The two tubes and the audio reactor, L3 are 

mounted in line along the rear edge of the 
chassis. The tube sockets are submounted by 
cutting holes to fit in the chassis so that their 
terminals will come below the surface of the 
chassis. Connections between the coil and 
detector-tube sockets are made with insu-
lated wire running through a %-inch hole 
drilled directly underneath the coil socket. 
Most of the small components, such as 

resistors, by-pass condensers and the r.f. 
choke, as well as the speaker coupling trans-
former are 'placed underneath the chassis as 
shown in the bottom-view photograph of Fig. 
1204. One side of each by-pass condenser 
is connected as close as possible to the point 
to be by-passed and the other terminal grounded 
at the nearest point on the chassis. 

Fig. 1204 — Bottom view of the regenerative receiver. 
At the left above the detector-tube socket are the r.f. 
choke and the two by-pass condensers, C6 (right) and 
C7 (left). Above Cs are CS to the left and C4 to the right. 
Of the two resistors slightly to the right of center, 
R3 is to the left and R3 to the right with CO in between. 
To the right are the output transformer and Cis. The 
audio-tube socket is in the lower right-hand corner. 

6J7GT. IN56Tetc c. 6V661.1/150T.eic. 

L3 — Audio coupling reacter. gee text. 
T — Pentode output-to-speaker transformer, universal 

type. 
Si, ST — Single-throw, single-pole toggle switch. 
— Closed-circuit jack. 

P — 6-prong tube socket. 

The regeneration control, volume control, 
stand-by switch, Si, and the headphone jack 
are mounted along the front edge of the chassis. 
The latter must be insulated by means of fibre 
washers when it is mounted. 
The wires of the power-supply cable are 

anchored at an insulated lug strip located 
underneath the chassis at a point where the 
cable enters the chassis through a grommetted 
hole in the rear edge. The 4-prong socket for 
speaker connections also is mounted in the 
rear edge. 
The panel is 8 X 8 inches and is fastened to 

the chassis by means of three 6-32 machine 
screws. Holes must be drilled along the bottom 
edge of the panel to pass the shafts of the con-
trols and the shanks of the toggle switch and 
headphone jack. The heater switch, 82, is 
mounted in a hole drilled near the top of the 
panel. Each dial requires four mounting holes 
and a half-inch hole to clear the shaft. These 
holes require careful lining tip with the shafts 
of the tuning condensers. 
Coils— Coil dimensions are given in the 

accompanying table both for standard 1 
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inch-diameter coil forms and for old bakelite 
tube bases, as shown in Fig. 1205, which may 
be used in case standard coil forms are not 
available. If tube bases are used, it will be 
necessary to wind the two largest coils in layers, 
since the base will not accommodate a suffi-
ciently large single-layer winding. After winding 
the turns of the first layer in the conventional 
manner, the second layer is wound over the 
first in zig-zag fashion, taking one-half turn 
to cross back to the starting edge of the first 
layer and another half turn to cross back over 
the first layer to the finishing edge. Each suc-
cessive turn of the zig-zag winding overlaps 
preceding turns at each reversal of the cross 
over. The finished coil actually has more 
than two layers at some points which explains 
the larger number of turns given for the 
"second layer" in the coil table. While an ordi-
nary "scramble-wound" coil is not as neat in 
appearance, it will work almost as well if the 
constructor does not wish to bother with the 
more complicated winding. Connections to the 
coil-form pins and the coil-socket prongs are 
shown in Fig. 1206. 
The self-supporting air-core coil No. 5 is 

made by winding 5 turns of No. 18 wire around 
a half-inch form, such as the shank of a drill, 
and spreading the turns out to the required coil 
length of 5% inch by running a screwdriver or 
knife between the turns after they have been 
removed from the form. The tickler winding 
also should be wound on a half-inch form and 
the turns should be fastened together with 

Fig. 1205 - A close-up 
view of the tube-base 
,•oils for the regenerative 
receiver. Band-spread 
taps are required on only 
the two highest-frequency 
mils. A special air-wound 
coil is necessary to cover 
the highest-frequency 
range of 12.8 to 32 Me. 

Duco waterproof cement or low-loss coil 
"dope" before removing from the form. After 
the cement has dried, the coil is inserted inside 
the "ground" end of LI. Its position should be 
varied until smooth regeneration is obtained 
and then it may be fastened in place with 
cement. Care should be taken to make all tick-
ler windings in the same direction as the turns 
of LI, otherwise the circuit will not regenerate 
with the coil connections shown. 
Choice of tubes— A wide variety of tubes 

will work satisfactorily in this receiver. Any of 
the 6.3- or 2.5-volt a.c., or 2- or 1.4-volt battery 
r.f. amplifier pentodes listed in the tube tables 
of the appendix may be used as the detector, 
while any of the audio power pentodes or beam 
tubes listed with a similar filament- or heater-
voltage rating may be used in the audio am-
plifier, providing its rated plate current does 
not exceed 50 ma. Among the more widely 
available types are 57, 58 and 78 for detector 
in the old 2.5-volt a.c. series, with the 2A5 or 
59 as the corresponding audio-amplifier type. 
In the 6.3-volt series with old-style bases are 
the 6C6 and 6D6 as detector and the 41, 42 or 
89 for the audio stage. In the more modern 
octal series are the 6J7 or 6K7 for detector and 
the 6F6 or 6V6 for output amplifier. Their glass 
equivalents are equally suitable, of course. In 
the loktal series, the 7A7, 7B7 or 7W7 may be 
used in the detector stage, while the 7A5 or 
7B5 will serve as audio amplifier. 

For battery operation, the 1D5GP or 1E5GP 
in the 2-volt-filament class are suitable for 

COIL TABLE FOR TIIE 2-TUBE REGENERATIVE RECEIVER 

No. Range Me. 

Dimensions Turns 
(inches) 

Amateur Band -------
Me. A B Li 

Bandspread 
Tap 

1 0.55- 1.6 1% 34 
134 34 

2 1.2 - 3.35 1.75 1% % 
'34 34 

3 2.7 - 7.7 3.5 1% 34 
1% 34 

4 5.35-14.6 7.0 1% 34 
1% Xe 

5 12.8 -32 14-28 % 34 
Coil dimensions .4 and Band socket connections are shown in Fig. 1206. Specifications for standard 1%" diameter 

coil forme are also shown. Direction of winding is the same for all coils. All windings are close-wound unless other-

wise indicated. Tapa are counted from the ground end of the coil. 
1 First layer, 18 turns, close-wound; second layer 47% a Spaced to cover % inch. 

turne (see text). 4 Spaced to cover % inch. 
2 First layer, 12 turns, close-wound; second layer 17% 5 Self-supporting (see text). 

turns (see text). 

65% 1 ( No. 32 d.c.c.) 
90% 
29%2 
32% 
14% 
10%3 
7%4 (No. 24 d.c.c.) 
6%4 4. 
e (No. 18 d.c.c.) 

64 

16% (No. 32 d.e.e.) 
20% 
0% 
10% 
5% 
3% 
5% 
5% 
6 (No. 28 d.c.c.) 

4% 
3.% 
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detector, while the 1F5GP or 1G5G of the same 
class may be used in the audio stage. In the 
1.5-volt octal series there are the 1N5G and 
1P5G for detector and the 1A5G and 1C5G 
for audio amplifier. The loktal types 1LC5 and 
1LN5 will make satisfactory detectors with a 
1LA4 or 1LB4 amplifier. 
When the receiver is to be used for portable 

as well as home-station operation the selection 
of a.c. and battery tubes whose sockets and 
connections make them interchangeable is 
desirable. In the detector circuit the 1D5GP, 
1D5GT and the 1E5GP in the 2-volt battery 
series, or the 1N5G and 1P5G in the 1.5-volt 
battery series are directly interchangeable 
with the 6M7G, 6T6GM, 6U7G, 6W7G, 
6J7GT/G, 6K7GT/G and the 6S7 in the 6.3-
colt octal-base series. If loktal-base tubes are 
preferred, the 1LC5 and 1LN5 battery tubes 
are directly interchangeable with the 7V7, 7A7, 
7B7, 707, 7G7, 7H7, 7L7 or 7T7 types. 

In the audio amplifier the 1G5G and 1J5G 
of the 2-volt battery series or the 1A5G, 105G, 
1Q5G and 1T5G in the 1.5-volt battery series 
are directly interchangeable with the 6AG6G, 
6K6G, 6M6G or 6V6 with octal bases. The 
loktal types 1LA4 and 1LB4 also are inter-
changeable with the indirectly-heated types 
7A5 and 7B5 of the loktal series. 

It may pay to try different values of grid-
leak resistance if detector-tube types other 
than those mentioned in Fig. 1203 are used and 
some slight alteration in the number of turns 
in L2 may be necessary for best performance. 
The audio tube selected will require a certain 
biasing voltage which may be taken from the 
tube tables. With battery tubes, this means 
simply selecting the proper " C "-battery 
voltage. With a.c. tubes, however, bias is ob-
tained from the voltage drop across the cath-
ode resistor, Rg. A satisfactory resistance value 
for any particular audio tube may be easily 
calculated by adding the rated plate and screen 
currents given in the tube tables and then di-
viding the required biasing voltage by this 
sum. If the current value is in terms of milli-
amperes, the answer from the above operation 
must be multiplied by 1000 to obtain the re-
quired resistance value in ohms. For example, 
the tube table shows that a 7C5 requires a 
biasing voltage of 12.5 and that the screen cur-

Fig. 1207 — Circuit diagram of a power supplies suitable 
for small receivers. The a.c. supply shown at A is sug-
gested for the two-tube regenerative and the three-tube 
superheterodyne receivers described in this chapter. The 
battery supply shown at B is arranged especially to fil 
the plug connections of the regenerative receiver of Fig. 
1201. The low-voltage tap is regulated by the VR75 tube. 
Cl, C2 — 0.001-pfd., 1,000-volt mica. 
C3, 450-volt electrolytic. 
R — 10,000-ohm, 10-watt wire-wound for the 2-tube 

regenerative receiver, 5000 ohms, 10 watts for 
the 3-tube superheterodyne receiver of Fig. 
1213. If the VR-75 is omitted, R, should be in-
creased to 100,000 and 50,000 ohms respectively. 

T — Standard replacement-type pow er transformer with 
6.3-volt, 5-volt, and 600-volt center-tapped 
windings, 70 ma. d.c. output rating. 

rent averages about 6 
ma., while the plate 
current averages 46 
ma. Adding the two 
currents gives a total 
of 52 ma. Dividing 
12.5 by 52 gives a re-
sult of 0.24. When this 
is multiplied by 1000, 
the answer of 240 
ohms is obtained. 
Power supply— 

Suitable power-supply 
diagrams are shown in 
Fig. 1207. The VR75 
in the a.c. circuit in 
Fig. 1207-A provides 
a regulated voltage of 
75 for the detector 
which will help ma-
terially in obtaining 
smooth regeneration. 
However, if one is not 
available, it may be 
omitted, if R is in-
creased to 150,000 
ohms, at some sacrifice 
in smoothness of re-
generation control. The 
small condensers, C1 
and C2 are to help re-
duce " tunable hum" 
which may occur at 
certain points in the frequency range of the 
receiver. Components for the a.c. power sup-
ply may be mounted on a 7 X 7 X 2-inch 
steel chassis or a baseboard made of wood. 
The placement of parts is not important. If 
the steel chassis is used, the smaller components 
may be mounted underneath. The voltage of 
the filament winding should, of course, cor-
respond to the rated heater voltage of the 
tubes used (6.3 or 2.5 volts). In Fig. 1207-B is 
shown the proper connections for a battery 
supply. The voltage of the " A" battery will 
depend upon the rated filament voltage of the 
tubes selected ( 1.5 or 2 volts), while the " B" 
battery should consist of two 45-volt " B" 
batteries connected in series. The voltage of 
the " C" battery will depend upon the biasing 
voltage required for the tube in the audio 
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Fig. 1206 — Sketch show-
ing coil-form and coil-
socket connections for the 
plug-in coils for the two-
tube regenerative receiver. 
The bottom sketch shows 
the special construction 
for Coil No. 5 listed in the 
accompanying coil table. 

L — Standard replacement-type filter choke, 15-30 
henries at 70 ma. 

Si — S.p.s.t, toggle switch. 
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amplifier as mentioned previously. The 6-
prong socket for connections to the receiver 
may be mounted on a board or connected to 
one end of a short cable, the wires at the other 
end of the cable being connected to the bat-
teries as shown. 
Adjustment — The most difficult part of 

adjusting the receiver after it has been con-
structed and the power supply connected is 
that of adjusting the coils for proper regenera-
tion. It is perhaps best to start out with the 
lowest-frequency coil (b.c. band) and work up 
through the higher frequencies. One end of a 
single-wire antenna, should be connected to 
the antenna terminal and the chassis con-
nected to the nearest water pipe or other 
ground connection. The antenna preferably 
should be 50 to 100 feet in length. With the 
antenna connected, R4 should be set for maxi-
mum screen voltage (to the right toward R5 in 
Fig. 1203), C3 should be turned to maximum 
capacity (plates completely meshed) and C2 
at minimum capacity. With these adjust-
ments, a click should be heard in the head-
phones each time the grid terminal of the de-
tector tube is touched with the finger. If no 
click is heard, the capacity of CI should be 
reduced a bit at a time, by loosening up on the 
adjusting screw, until the click is heard. If no 
click is heard with C1 at minimum capacity, 
it will be necessary to add a turn or two to L2. 

After the click has been obtained, it should 
be possible to turn R4 back and forth with a 
"plop" in the headphones each time R4 passes 
through a certain point in its range. On the 
high-voltage side of the " plop" point, the 
click should be heard when the grid terminal 
is touched with the finger, while it will not be 
heard when R4 is turned to the low-voltage 
side of this point. The detector is oscillating 
under the condition where the click is heard 
and is not oscillating when the click cannot 
he obtained. With correct circuit adjustments 

it should be possible to bring the detector into 
oscillation with a soft rushing noise and not a 
loud " plop." For c.w. code reception R4 is 
adjusted so that the detector is oscillating, 
but very close to the point where oscillation 
ceases. On the other hand for the reception of 
modulated signals (' phone or music) the de-
tector is adjusted to a non-oscillating condi-
tion, but very close to the point where it goes 
into oscillation. 

In listening over any band for signals, it is 
common practice to set the detector into oscil-
lation for both 'phone and c.w. signals. When 
the steady whistle of a ' phone station is tuned 
in, the regeneration control is then backed off 
to stop oscillation when the whistle will disap-
pear, and only the modulation will be heard. 

C3 is used for general-coverage tuning, while 
C2 is used for bandspread tuning. If the coil 
dimensions given in the table have been fol-
lowed closely, C3 should be set at approxi-
mately the following points on the dial for 
each of the amateur bands: 1.75-Mc. band, 
52; 3.5- Mc. band, 39; 7-Mc. band, 34; 14- and 
28- Mc. bands, 93. These dial settings assume 
the use of a dial which reads 100 at minimum 
capacity. C2 then should be used- for tuning 
over the band. Coil No. 5 is used for both the 14-
and 28-Mc. bands. At the higher frequencies 
especially, it may be necessary to retune each 
time the regeneration control is adjusted to 
keep the signal tuned in. 

A Two-Tube Superheterodyne Receiver 

Although all the aqlvantages of the superhet-
erodyne-type receiver cannot be secured with-
out going to rather elaborate multi-tube cir-
cuits, it is possible to use the superhet principle 
to overcome most of the disadvantages of the 
simple regenerative receiver. These are chiefly 
the necessity for critical adjustment of the 
regeneration control with tuning, antenna 
"dead spots," lack of stability (both in the 

detector circuit itself and 
because of slight changes in 
frequency when the antenna 
swings with the wind), and 
blocking, or the tendency 
for strong signals to pull the 
detector into zero beat. 
These effects can be largely 
eliminated by making the 
regenerative detector op-
erate on a fixed low fre-
quency and designing it for 
maximum stability. The in-
coining signal is then con-
verted to the fixed detector 
frequency before being de-
tected. 

Fig. 1208 — The two-tube super-
heterodyne shown here has one 
more operating control than the 
ordinary regenerative-detector 
receiver, but it is more stable. 
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A two-tube receiver operating on 

this principle is shown in Figs. 1208 

to 1212. 

The circuit diagram is given in Fig. 

1210. A 6K8 is used to convertj the 

frequency of the incoming signal to 

the fixed or intermediate frequency, 
and the two triode sections of a 

6C8G serve as the regenerative del ve-

tor and audio amplifier respectively. 
Le t 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 6X8. The high-fre-
quency oscillator tank circuit is 

/4C3C1, wit h C3 for band-setting and 
C4 for bandspread. 

The i.f, tuned circuit (or regenera-
tive detector circuit) is L5C5. This 

must be a high-C circuit if stability 

better than that of an ordinary regen-

erative detector is to be secured. The 

frequency to which it is tuned should 
be in the vicinity of 1600 ke.; the ex-

act frequency does not matter so long 

as it falls on the low-frequency side of 
the 1750-kc. band. L5 and its tickler 

coil, L6, 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 capacity tolerance of 5 per cent, 

it is sufficient to wind L5 as specified under 

Fig. 1210. The resulting resonant frequency 
will be in the correct region. No manual tuning 

is necessary, and therefore the frequency of 

this circuit need not be adjusted. C2 is the re-
generation-control condenser, isolated from 

the d.c. supply by the choke, RFC. Only 
enough turns need be used on L6 to make the 

detector oscillate readily when C2 is at half 
capacity or more. 

The second section of the 6C8G is trans-
former-coupled to the detector. The grid is 

biased by the same battery which furnishes 
bias for the 6K8. 

Looking at the top of the chassis from in 
front, the r.f. or input circuit is at the left, 

with C1 on the panel and LIL2 just behind it. 

The 6C8G is directly to the rear of the coil. 

Fig. 1209 — A back-of-panel view of the tu uhe superhet, showin 
the arrangement of parts on top of the 5342 X 9342 X 13/2-inch chassis 

The 6X8 converter tube is centered on the 
chassis. with C3 and C4 an the panel directly 
in front of it. C4 is driven by the vernier dial 

and C3 is toward the top of the panel. The coil 
at the right is L3L4, in the oscillator tuned cir-

cuit. The regeneration-control condenser, 02, 

is at the right on the panel. The audio trans-
former. 7'1, is behind the oscillator coil. 

Looldng at the bottom of the chassis, the 

antenna-ground terminals are at the left, with 
a lead going directly to L3 oil the coil socket. 

The bias battery is fastened to a two-lug in-

sulating strip by means of wires soldered to the 

battery. The zinc can is the negative end and 
the small cap the positive terminal. By-pass 
condenser C7 is mounted on the coil socket. 

The i.f. coil is mounted on the chassis mid-

way between the socket for the 6C8G and that 

for the 6K8. In winding the coil the ends of the 

wires are left long enough to reach to the vari-

ous tie-in points. The grid condenser, C6, is 

6C8G 
Fig. 1210 — Circuit diagram of the two-tube superheterodyne. 
CI, C2, C9 — 100-µµM. variable (Ilammarlund SM-I00). 
Cg — 15-/u/fd. variable (Ilammarlund SM-15). 
Cs — 250-mad. silvered mica (Dubilier Type 5-R). 
Cg — 0.01-ofd. paper. 
C7 — 0.005-mfd. mica. 
Cg, Cg — 100-2ed. mica. 
lii — 50,000 ohms, 4 watt. 
112— 1 megohm, .4 watt. 
RFC — 2.5-mh. r.f. choke. 
Ti — Audio transformer, interstage type, 3:1 ratio (Thordarson 

T-13A34). 
Li-L4, inc. — See coil table. 
La — 55 turns 1No. 30 d.s.c., close-wound on U-inch diameter form 

(National PR F-2); inductance 40 microliettr) s. 
— 18 turns No. 30 d.s.c., close-wound, on sanie form as Ls; 

see Fig. 1212. 
S — S.p.s.t. toggle switch. 435 -48 • 
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TWO-11_111E SUPER' IET COIL DATA 

Coil Grid Winding ( Li and 14) Antenna (la) or Tickler (Li) 

A 56 turns No.22 enameled 
B 32 
C 18 " 
D 12 " 
E 10" 

Allcoils wound on 1 -inch diameter forms (liammarlund 
SWF-4). Grid windings on coils B-E, inclusive, are spaced to 
occupy a length of 1 inches; grid winding on coil A is close-
wound. Antenna-tickler coils are all close-wound, spaced 
4-inch from bottom of grid winding. See Fig. 1212. 

Frequency Range Coi/ at Li-Lt Coil at la- 1.4 

1700 to 3200 kc. A 
3000 to 5700 kc. 
5400 to 10,000 kc. C D 
9500 to 14,500 kc. E D 

MI 44 

44 411 

40 04 

10 turna No.24 enameled 
8  
7 u s. 44 .4 

7 " 
7" 

04 44 id 

04 Si Ili 

supported by the grid terminal on the tube 
socket and the end of the grid winding, L5. 
is mounted over the 6C8G socket. The i.f. tun-
ing condenser, C5, is mounted by its terminals 
between the plate and screen prongs on the 
6K8 socket, the ends of L5 being brought to 
the same two points. 
The oscillator grid condenser, Cs, is connected 

between the coil-socket prong and the oscillator 
grid prong on the 6K8 socket. By-pass con-
denser C6 is mounted alongside the oscillator 
coil socket, as shown. The connections to the 
rotors of the tuning condensers for both coils go 
through holes in the chassis near the front 
edge. Grounds are made directly to the chassis 
in all cases; make sure that there is an actual 
connection to the metal. 

The " B" switch is a single-pole single-throw 
toggle. 'Phone-tip jacks on the rear chassis 
edge provide means for connecting the audio 
output to the headphones. 
The method of winding coils is indicated in 

Fig. 1212; if the connections to the circuit are 
made as shown, there will he no trouble in 

Fig. 1211 — Below-chassis view of the two-tube superhet. The If. circuit is 
underneath the chassis; no adjustment of its frequency is necessary. Since 
few parta are required, the construction, assembly and wiring are quite simple. 

obtaining the necessary oscillation. Both coils 
on each form should be wound in the same di-
rection. 
Adjustment — To test the receiver, first 

try out the i.f. circuit. Connect the filament 
and " B" supply 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 need be made is 
to see if the detector oscillates properly. Ad-
vance 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 

eq ana' 
01/21:8 

.0 

I. COIL 

C2ondRFC 
'Vale of 'COG 

Or 
L3 

1.2 or 14 

4 3 2 
R.E OSCILLATOR COILS 

Fig. 1212 — flow the coils for the two-tube superheter-
odyne are wound. The bottom end of the i.f. coil in this 
drawing is the end mounted adjacent to the chassis. L.Is 
and Le are wound in the same direction. On the r.f. 
socket, pin 4 connects to the No. 3 grid (top cap) of the 
6K8 and stator of Ci, pin I to C7, pin 2 to ground and 
pin 3 to the antenna post. On the oscillator socket, pin 4 
goes to Cs and the stators of C3 and C4, pin 1 to ground, 
pin 2 to "13" and pin 3 to the 6K8 oscillator plate. 
Both windings are in the same direction on each coil. 

and winding direction and, if these seem right, 
add a few turns to the tickler, L6. If the de-

tector oscillates with very 
low capacity at C2, it will be 
advisable to take a few turns 
off L6 until oscillation starts 
at about midscale. 

After the i.f. has been 
checked, plug in an oscillator 
coil for a range on which sig-
nals 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 circuit, set C1 
at about half scale and turn 
C3 slowly around midscale 
until a signal is heard. Then 
tune C1 for maximum vol-
ume. Should no signals be 
heard, the probability is that 
the oscillator section of the 
6K8 converter tube is not 
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working, in which case the seine 
method of testing is used as de-
scribed above for the i.f. de-
tector — check wiring, direc-
tion of windings of coils, and 
finally, add turns to the tickler, 
L4, if necessary. 
The seine oscillator coil, D, 

is used for two frequency 
ranges. This is possible because 
the oscillator frequency is placg.,1 
on the low-frequency side of t be 
signal on the higher range. This 
gives somewhat greater stabil-
ity at the highest-frequency 
range. Sonic pulling — a change 
in beat-note as the r.f. tuning is 
varied by means of C1 — will 
be observed on the highest-
frequency range, but it is not 
serious in the region of reso-
nance with the incoming signal 
frequency. 
The receiver will respond to 

signals either 1600 kc. lower or 
1600 kc. higher than the oscilla-
tor frequency. The unwanted 
response is discriminated against by the selec-
tivity 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 ami 1600 kr. lower on the 
fourth range. Bandspread is not needed in the 
r.f. circuit. 
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 heater requirements of the set are 0.6 

amperes at 6.3 volts, approximately. Either a.e. 
or d.c. may be used. The " B" battery current 
is between 4 and 5 ma., so that a standard 45-
volt block will last hundreds of hours. 

Fig. 1214 — Wiring diagram for the three-tube general 
coverage and bandspread superheterodyne receiver. 
Ci — 100-ppfd. variable Olammarlund M( - I00-M). 
C2 — 140-55M. variable ( Ilammarlund 

35-ppfd. variable (Ilammarlund 
C4— Oscillator padder; see coil table. 
Cg 0.1-pfd. paper. 
Cg — 0.002-pfd. mica. 
C7 — 250-ppfd. mica. 
Cs — 0.002-pfd. mica. 

Cto — 0.01-pfd. paper. 
Cit — 5-pfd. electrolytic, 50 volts. 
Cm, C13 0.002-pfd. mica. 
Ri — 50,000 ohms, watt. 
112, Ri — 250 ohms, 32 watt. 
R4 12,000 ohms, watt. 
Its — 50,000 ohms, watt. 
Ti, — 1600-kc. i.f. transformer (Millen 64161). 
Ts— 1600-kc. oscillator transformer (Millen 65163). 

14, Li— See coil table. Si, Si — S.p.s.t. toggle switch. 

Fig. 1213 — A three.tube superheterodyne receiver, designed for either 
a.c. or d.c. heater operation and for 90-volt -It- battery plate supply. 

C. A Three-Tube General Coverage and 
Bandspread Superheterodyne 

A superliet receiver of simple construction, 
having a wide frequency range for general 
listening-in as well as full bandspread for 
amateur-band reception, is shown in Figs. 
1213 to 1217. The circuit uses only three tubes 
and gives continuous frequency coverage from 
about 75 lie. (4000 meters) to 60 Mc. (5 
meters). The receiver is intended for operation 
from either a 6.3-volt transformer or 6-volt 
storage battery for filament supply, and a 90-
volt " B" battery for plate supply. 
The circuit diagram is given in Fig. 1214. A 

6K8 is used as a combined oscillator-mixer 
followed by a 681{7 i.f. amplifier. The inter-
mediate frequency is 1600 kc., a frequency 
which reduces image response on the higher 
frequencies and simplifies the design for low-
frequency operation in the region below the 
broadcast band. One section of the 6C8G dou-

All heat, s 

cai  

RFC --1 2.5-mh. r.f. choke. 
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ble t ti Iis used zi,s sceond detector and the 
other section as a beat-frequency oscillator. 
Headphone output is taken from the plate 
circuit of the second detector. 
To simplify construction, the antenna and 

oscillator circuits are separately tuned. The an-
tenna tuning control, CI, may be used as a 
volume control by detuning from resonance. 
The oscillator circuit, L3C2C3, is tuned 1600 kc. 
higher than the signal on frequencies up to 5 
Me.; above 5 Mc. the oscillator is 1600 kc. 
lower than the signal. C2 is the general cover-
age or band-setting condenser, C3 the band-
spread or tuning condenser. C4 is a tracking 
condenser which sets the oscillator tuning 
range on each band so that it coincides with the 
tuning range in the mixer grid circuit. 
The i.f, stage uses permeability-tuned trans-

formers with silvered-mica fixed padding con-
densers. The second detector is cathode-biased 
by 24, by-passed by Cu for audio frequencies. 
The second 60,tà section is the beat oscil-

lator, using a permeability-tuned transformer. 
The grid condenser and leak are built into the 
transformer. The plate is fed through the ho. 
on-off switch and a dropping resistor, 1?3, the 
atter serving both to reduce the " B" current 
drain and to eut down the output of the oscil-
lator to a value seeable for good heterodyning. 

121.i — A plan view of the three-tube 
-uperhetermbne with the coils and tubes re-
,,,,, ved. The chassis measures 5 X 9j X 
I j.j inches and the panel size is 10!..Y X 6 inches. 

No special coupling is needed between 
the beat oscillator and the second 
detector. 
The plates and screens of all tubes 

except the beat oscillator are operated 
at the same voltage — 90 volts. The 
"B" current drain is approximately 
15 milliamperes. which is about the 
normal elrain for medium-size " B" 
batteries. The receiver will operate 
satisfactorily, although with some-
what reduced volume, using a single 

45-volt battery for " B" supply. 
The parts arrangement is shown in the 

photographs of Figs. 1215 and 1216. The 
mixer tuning condenser, CI, is at the right. 
The bandspread oscillator tuning condenser, 
C3, is in the center, controlled by the Na-
tional Type-A a!,-inch dial, and the band-
set condenser, C2, is at the left. 

Referring to the top view, Fig. 1215, the i.f. 
section is along the rear edge, with T1 at the 
right. Next is the socket for the 6SK7, then Tz, 
and finally T3 at the extreme left. The socket 
for the 6C8G is just in front of T3. The triode 
section in which the grid is brought out to the 
top cap is the one which is used for the beat 
oscillator. 
The r.f. section has been arranged for short 

leads to favor high-frequency operation. The 
three sockets grouped closely together in the 
center are, from left to right, the oscillator-
coil socket, socket for the 6K8, and the mixer-
coil soeket. All are mounted above the chassis 
by means of mounting pillars, so that prac-
tically all r.f. leads are above deck. The oscilla-
tor grid leak, RI, and the high-frequency cathode 
by-pass condenser, Cfi, should be mounted di-
rectly on the socket before it is installed. So 
also should the oscillator grid condenser, C7, 
which can be seen extending to the left toward 

the oscillator-coil socket in Fig. 
1215. Power-supply connections 
should be soldered to the 6K8 
,ocket prongs before the socket is 
mounted, and these leads brought 
,lown through a hole in the chassis. 
The general-coverage condensers, 

('I and ez, are mounted directly 
n the chassis. C3 is held from the 

panel by means of a small bracket 
mettle from metal strip, bent so that 
t lie condenser shaft lines up with 

rig. 1216 — Below the chassis of the 
three-tube receiver. The r.f. choke is 
mounted near the oscillator coil socket to 
keep the r.f. leads short. In the i.f. stage, 
rare should be taken to keep the plate 
and grid leads from the i.f. transformer 
-hort and well separated. A four-wire 
eable is used for power-supply connec-
tions. The headphone-tip jacks may be 
icen near the upper right-hand corner. 
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the dial coupling. A baffle shield made of alu-
minum separates the oscillator and mixer sec-
tions; this shield is essential to prevent coupling 
between the two circuits which might other-
wise cause interaction and poor performance. 
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 oscil-
lator can also be used to furnish a signal for 
alignment. Further information on alignment 
may be found in Chapter Seven. 
The coils are wound as shown in Fig. 1217. 

A complete set of specifications is given in the 
coil table. Ordinary windings are used for 
all oscillator coils, and for all mixer coils for 
frequencies above 1600 Ice. Below 1600 kc., 
readily available r.f. chokes are used for the 
tuned circuits. For the broadcast band and 
the 600-750-meter ship-to-shore channels, the 
mixer coil is a Hammarlund 2.5-mh. r.f. choke, 
with the pies tapped as shown in Fig. 1217. 
The grid end and the intermediate tap are con-
nected to machine screws mounted near the top 
of the coil form, and a flexible lead is brought 
out from the grid pin in the coil form to be fas-
tened to either lead as desired. Mixer coils for 
the two lowest-frequency ranges are con-
structed as shown. The antenna winding in 
each case is a coil taken from an old 465-kc. i.f. 
transformer, having an inductance of about 1 
millihenry. The inductance is not particularly 
critical, and a pie from a 2.5-mh. choke may be 
used instead. 
With the i.f. aligned, the mixer grid and os-

cillator coils for a band can be plugged in. C3 
should be set near minimum capacity and C2 
tuned from minimum capacity until a signal is 
heard. Then C1 is adjusted for maximum signal 
strength. If C2 is set at the high-frequency end 
of an amateur band, further tuning should be 
done with C3, and the band should be found to 
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LOW- FREQUENCY MIXER COILS 

Fig. 1217 —  hou the coils for the three-tube super-
heterodyne are constructed. On the hand-wound oscilla-
tor and mixer coils, all windings are in the same direction. 

cover about seventy-five per cent of the dial. 
C3 can of course be used for bandspread tuning 
outside as well as inside the amateur bands. It 
is convenient to calibrate the receiver, using 
homemade paper scales for the purpose as 
shown in Fig. 1213. Calibration points may be 
taken from incoming signals whose frequencies 
are known, from a calibrated test "oscillator, or 
from the harmonics of a 100-kc. oscillator as 
described in Chapter Nineteen. The mixer cali-
bration need be only approximate, since tun-
ing of the mixer circuit has little effect on the 
oscillator frequency. It is sufficient to make a 

COIL DATA FOR TIIE THREE-TUBE SUPERHETERODYNE 

Range 
Turno 

CA 

Li L3 L3 L4 L3 Tap 

A — 76-154 ke  30 mh. 1 mh. ) 
166-360 ke  8 mh. 1 mh. } 65 12 Top 300 µdd. 
400-1500 kc  ' 2.5 mh.* * J 

B — 1.6 to 3.2 Mc. (160 meters)  56 10 42 11 Top 75 55fd. 
C — 3.0 to 5.7 Mc. (80 meters)   32 8 27 9 Top 100 ¡odd. 
D — 5.4 to 10.0 Mc. (40 meters)   18 8 22 9 12 0.002 µid. 
E — 9.5 to 18.0 Mc. (20 meters)  10 8 12 3 q 6 400 umfd. 
F — 15.0 to 30 Mc. ( 10 meters)  6 4 6 2% 2¡ 400 µµfd. 
G — 30 to 60 Mc. (5 meters)  3 3 3% 1 1 300 µ1.dcl. 

* See Fig. 1217 and text for details. C4 is mounted inside oscillator coil form; see Fig. 1217 Bandspread taps on L3 
measured from bottom (" B" -l- end ) of coil. L3-A and Li-B coils close-wound with No. 22 enameled wire; L3-B 

close-wound with No. 20 enameled; all other Li and Ls coils wound with No. 18 enameled, spaced to give a length 
of 134 inches on a 134-inch diameter form (Hammarlund SWF) except the G coils, which are spaced to a length of 
1 inch on 1-inch diameter forms (Millen 45004 and 45005). Antenna and tickler coils, LS and L., are close-wound 
with No. 24 enameled, spaced about 34-inch from bottoms of grid coila, except for L.-G, which is interwound with 
La. 
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calibration which ensures that the 
mixer is tuned to the desired signal 
rather than to the image. 
On the broadcast band, the tuning 

range is such that, with C2 set at 1500 
kc., the entire band will be covered 
on C3. It is necessary, however. to 
change the tap on the mixer toil to 
make the antenna circuit cover the 
entire band. Only one oscillator coil 
is needed for the range front 75 tct 1500 
kc., but a series of coils is needed to 
cover the saine range in the mixer 
circuit. 
. hblin gun muliostage to i lie three-

t,, lu' superheterodyne — The three-
t ithe reeei ver just described is designed 
for headphone operation, but readily 
can be converted to a four-tube set 
for use with a speaker. For this pur-
pose a dii pentode can be added to 
the circuit diagram. as ,lown in Fig. 
1219. Figs. 121s and 1220 show the 
receiver when completed. 

For the purpose of driving the audio stage, 
resistance coupling is used from the plate of the 
second detector to the grid of the 61.'6. A vol-
ume control is used for the grid resistor of the 
6F6, and a jack is installed in the second-detec-
tor plate circuit so that a headphone plug may 

LH, Cl/ 

6C86 
Awn r, 

6F5 

Mrs .."41 
Other 

1218 — The modified three-tube superheterodyne receiver 
with the audio amplifier stage added for loudspeaker operation. 

6.3v. -250+ 

be inserted. The volume control. 117, should be 
of the midget type so that it will fit in the 
chassis; it is installed with its shaft projecting 
under the tuning dial. In the bottom view, Fig. 
1220, the 6F6 socket is in the upper left corner, 
along with the cathode resistor and by-viss 
condenser, 118 and C15. The coupling comien,er. 

C14, and the plate resistor. R. are mounted on 
an insulated lug strip near the volume control. 
The tiF6 will require a plate supply of 250 

volts at about 40 milliamperes. This may be 
taken from a regular power pack, and a five-
wire connection cal de is used to provide an 
extra lead for the purpose. The first three tubes 

Fig. 1219 — Circuit diagram of the single-tube pentode 
audio-amplifier stage which may he added for loud-
speaker operation of the three-tuhe superheierorkme. 
Except as noted below, the value» for e ponents corre-
spond to those bearing the sanie desi gnat idols in Fig. 1214. 
Cis — 0.1-iifd. paper. 
CI5 — 25-mfd. electrolytic, 50 ,,.Its. 

—  120,000 ohms, 1(2 watt. 
117 — 590,000-ohm volume control. 
11, • 100 ohms, 1 watt. 
J Closed-circuit jack. 

may be operated from a " B" battery, as be-
fore. Alternatively, the power supply may be 
constructed with a tap giving 90 or 100 volts 
for these tubes, the tap being connected to the 
proper wire in the connection cable. For best 
performance. the output voltage should 
be regulated by a VR105-30 regulator tube. 

A suitable power-supply circuit is 
shown in Fig. 1207-A. In this case the 
value of 1? should be 5000 ohms. 10 
watts. 
The primary winding of the speaker 

output transformer always should be 
connected in the plate circuit of the 
6F6. Operation wit bout the plate cir-
cuit closed is likely to damage the 
screen-grid. Any speaker having a 
transforiner with a primary imped-
ance of 7000 ohms will be satisfactory; 
a permanent-magnet dynamic is 
convenient, since no field supply for 
t he speaker is necessary. 

Fig. 1220 — The additional parts for the 
audio output stage can be identified in this 
sub-chassis view of the three-tube receiver. 
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C., A Regenerative Single-Signal Receiver 

An inexpensive amateur-band receiver using 
i.f. regeneration for single-signal reception is 
shown in Fig. 1221. Fig. 1223 gives the circuit 
diagram. Regeneration also is used in the 
mixer circuit to improve the signal-to-image 
ratio and to give added gain. This receiver is 
designed to give the maximum of performance, 
in the hands of a capable operator, at mini-
mum cost; selectivity, stability and sensitivity 
are the primary considerations. 
The mixer, a 6SA7, is coupled to the an-

tenna and is separately excited by a 6J5 oscilla-
tor. There is a single 460-kc. i.f. stage, using a 
6SK7 and permeability-tuned transformers. 
The second detector and first audio amplifier 
is a 6SQ7, and the audio output tube for loud-
speaker operation is a 6F6. The separate beat-
oscillator circuit uses a 6C5. A VR105-30 
voltage-regulator tube is used to stabilize the 
plate voltage on the oscillators and the screen 
voltage on the mixer and i.f. tubes. 
To make construction easy and to avoid the 

necessity for additional trimmer condensers 
on each coil, the mixer and high-frequency os-
cillator circuits are separately tuned. Main 
tuning is by the oscillator bandspread con-
denser, C3, which is operated by the calibrated 
dial. C2 is the oscillator band-setting condenser. 
The mixer circuit is tuned by C1. Regenera-
tion in this circuit is controlled by R75, con-
nected across the mixer tickler coil, L3. 
R76 is the i.f.-amplifier gain control, which 

also serves as an i.f. regeneration control when 
this stage is made regenerative. C18 is the regen-
eration condenser; it is adjusted to feed back a 
small amount of i.f. energy from the plate to 
the grid of the 6SK7, and thus produce regener-
ation. If the high selectivity afforded by i.f. 
regeneration is not wanted, C18 may be omitted. 

Diode rectification is used in the second-de-
tector circuit. One of the two diode plates in 
the 6SQ7 is used for developing a.v.c. voltage, 
being coupled through C22 to the detector 
diode. The detector load resistor consists of 
R5 and R7 in series, the tap being 
used for r.f. filtering of the audio 
output to the triode section of the 
tube. R18 is the a.v.c, load resistor; 
R9, C14 and C12 constitute the a.v.c. 
filter circuit. 82 Cuts the a.v.c. out 
of circuit by grounding the rectifier 

Fig. 1221 — A 7 -tube superheterodyne usin g 
regeneration in the i.f. amplifier to give single. 
signal reception and improved image ratio. 
The dial (National ACN) may he direr ily 
calibrated for each amateur band. The rhassi, 
is 11 X 7 X 2 inches and the panel 7 X 12 
inches. The controls along the bottom edge of 
the panel are, from left to right, the mixer re-
generation control, ll15. the LI% gain control. 
Rut, the audio volume control, RI7, and the 
beat-oscillator vernier condenser, C2I. The 
latter has the corner of one rotor plate 
bent over so that when the condenser plates 
are fully meshed the tuned circuit is short. 
circuited, thus stopping the b.f.o. oscillation. 

output. The headphones are connected in 
the' plate circuit of the triode section of the 
6SQ7. R17 is the audio volume control poten-
tiometer. 
The top and bottom views, Figs. 1222 and 

1224, show the layout clearly. The bandspread 
tuning condenser, C3, is at the front center; 
at the left is C1, the mixer tuning condenser; 
and at the right, C2, the oscillator band-set 
condenser. The oscillator tube is directly 
behind C3, with the mixer tube to the left on 
the other side of a baffle shield which separates 
the two r.f. sections. This shield, measuring 
4% x 4 inches, is used to prevent coupling 
between oscillator and mixer. The mixer coil 
socket is at the left behind C1; the oscillator 
coil socket is between C2 and C3. 
The i.f. and audio sections are along the 

rear edge of the chassis. The transformer in 
the rear left corner is T1; next to it is the i.f. 
tube, then 7'3. Next in line is the 6SQ7, fol-
lowed by the 6C5 beat oscillator, the b.o. 
transformer, T3, and finally the 6F6. The 
VR105-30 is just in front of T3. The i.f. trans-
formers should be mounted with their adjust-
ing screws projecting to the rear where they 
are easily accessible. 
The beat oscillator is coupled to the second 

detector by the small capacity formed by 
running an insulated wire from the grid of the 
6C5 close to the detector diode plate prong 
on the 6SQ7 socket. Very little coupling is 
needed for satisfactory operation. 

In wiring the i.f, amplifier, keep the grid 
and plate leads from the if. transformers fairly 
close to the chassis and well separated. With-
out C15, the i.f. stage should be perfectly stable 
and should show no tendency to oscillate at 
full gain. 
The method of winding the plug-in coils is 

shown in Fig. 1225, and complete specifica-
tions are given in the coil table. Ticklers (L3) 
for the mixer circuit are scramble-wound to a 
diameter which will fit readily inside the coil 
form and mounted on stiff leads going directly 
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CI, Ci — 50-µdd. variable (Ilant-
marlund MC-50-S). 

— 35-pdd. variable (National 
UM-35). 

Co — 50-ggfd. mica. 
C8, Cs, C7, C8 — 0.1-pfd. paper, 

600 volts. 
Co, Cui, C11, C12 — 0.01-gfil. paper, 

600 volts. 
C13, C14 — 0.005-dd. mica. 
— 3-30-ggfd. trimmer (National 

M-30); see text. 
C19 — 250- pfd. mica. 
C17, C18, C22 — 100-ggfd. mica. 
CI% C20 — 25-gfd. electrolytic, 50 

volts. 

Fig. 1222 — Top view of the 7-ttilie superhcicr...I s 
in coils removed. Placement of the parts dis, li,sed in 

to the proper pins in the form. The leads 
should be long enough to bring the coils inside 
the grid winding at the bottom. The amount 
of feed-back is regulated by betiding the tickler 
coil with respect to the grid coil. Maximum 
feed-back is secured with the two coils coaxial. 
minimum when the tickler axis is at right 
angles to the axis of Li. The position of L3 
should be adjusted so that the mixer goes into 
oscillation with Ri, set at one-half to three-
fourths of its maximum resistance. 

— The oscilla tiw cir-
cuit has been adj usted to make the 
proper value of rectified grid current 
flow in the 6SA7 injection-grid (No. 1) 
rircuit on each amateur band. This 
oails for a fairly strong value of feed-
back, with the result that when the 
band-set condenser is set toward the 
high-frequency end of its range the 
,scillator may " squeg." Tisis is of no 
oonsequence unless the receiver is to 
he used for listening outside the ama-
teur bands, in which case it may be 
corrected by taking a few turns ¿if 
t he tickler coil, L5. This can be done 
nily at some sacrifice of conversion 
efficiency in the amateur band for 
which the coil was designed, however. 
The i.f. amplifier can be aligned 

ith 111,g- most conveniently with the aid of a , 
the text, modulated test oscillator. The initial 

'alignment should be made with C15 
disconnected so that the performance of the 
amplifier in a non-regenerative condition can 
be checked. Headphones or a loudspeaker may 
be used as an output indicator. The mixer and 
oscillator coils should be out of their sockets, 
and R15 should be set at zero resistance. 

Connect the test oscillator output across Ci, 
which should be set at minimum capacity. Ad-
just the test-oscillator frequency to 460 ke. 
Then, using a modulated signal, adj ust the 
trimmers on Ts and T2 for maximum volume. 

Fig. 1223 — Circuit diagram of the single-signal superheterodyne receher sith regenerative i.f. and mixer stages. 

C21 — 25-ggfd. variable (Ilammar-
lund SM-25). 

Ri — 200 ohms, .4 watt. 
112- 20,000 ohms, watt. 
Ra, 114, 118 — 50,000 ohms, A watt. 
Ro — 300 ohms, 34 watt. 
R7 — 0.2 megohm, ,1A watt. 
118 — 2000 ohms, 3/3 watt. 
Ro — 1 megohm, M watt. 
Rio — 0.1 megohm, %a watt. 
Rn — 0.5 megohm, att. 
1112 — 450 ohms, 1 watt. 
Ro — 75,000 ohms, 1 satt. 
1114 — 5000 ohms, 10 watts. 
Ris — 10,000-ohm volume control 

(mixer regeneration). 

R tg 25,000-Ihni volume control 
regeneration). 

Rua — 2-megolim volume control. 
Ria 2 megohms, 32 watt. 
Tt — 460-ke. permeability-tuned i.f. 

transformer, interstage type 
(Millen 64456). 

T2 — 460-kc. permeability 'tuned i.f. 
transformer, diode type 
(Millen 64454). 

Ta — 460-ke, beat-oscillator trans-
former (Millen 65456). 

RFC — 2.5-mh. r.f. choke. 
J — Closed-circuit jack. 
SI, S2 — S.p.s.t. toggle. 
Lt—Lo, inc. — See coil table. 



Receiver Construction 247 
MIXER 

ANT 

OSCILLATOR 

G +8 

TOP OF SOCKET VIEWS 

Fig. 1225 — Mixer and oscillator coil and socket con-
nections for the seven-tube superheterodyne receiver. 

GND 

R16 should be set for maximum gain, and the 
beat oscillator should be off. As the successive 
circuits are brought into line, reduce the oscilla-
tor output to keep from overloading any of the 
amplifiers, since overloading might cause a 
false indication. 

After the i.f. is aligned, plug in a set of coils 
for some band on which there is a good deal of 
activity. Set the oscillator padding condenser, 
C2, at approximately the right capacity; with 
the coil specifications given, the proportion of 
the total capacity of C2 in use on each band will 
be about as follows: 1.75 Mc., 90 per cent; 3.5 
Mc., 75 per cent; 7 Mc., 95 per cent; 14 Mc., 
90 per cent; 28 Mc., 45 per cent. Set the 
mixer regeneration control, R15, for min i mu hi 
regeneration — i.e., with no resist-
ance left in the circuit. 
Now connect an antenna to the 

input terminals for L2. Switch the 
bekt, oscillator on by turning C21 
out of the maximum position, and 
adjust the trimmer screw on T3 
until the characteristic beat-oscil-
lator hiss is heard. 
Next tune C1 slowly over its 

scale, starting from maximum ca-
pacity. Using the 7-Me, coils as an 
example, when CI is at about half 
scale there should be a definite in-
crease in the noise level as well as 
in the strength of the signals which 
may be heard. Continue on past 
this point toward minimum ca-
pacity until a second peak is 
reached on CI; at this peak the 
input circuit is tuned to the fre-
quency which represents an image 

in normal reception. The oscillator in the re-
ceiver is designed to work on the high-fre-
quency side of the incoming signal, so that Cl 
always should be tuned to the peak which 
occurs with meat capacity. 

After the signal peak on CI has been identi-
fied, tune C3 over its whole range, following 
with C1 to keep the mixer circuit in tune, to 
see how the band fits the dial. With C2 prop-
erly set, the band edges should fall the same 
number of main dial divisions from 0 and 100; 
if the band runs off the low-frequency edge, 
less capacity is needed at C2, while the con-
verse is true if the band runs off the high edge. 
Once the band is properly centered on the dial, 
the panel may be marked at the appropriate 
point so that C2 may be reset readily when 
changing bands. 
To check the operation of the mixer regen-

eration, tune in a signal on C3, adjust CI for 
maximum volume, and slowly advance the re-
generation control, R15. As the resistance is in-
creased, retune CI to maximum volume, since 
the regeneration control will have some effect 
on the mixer tuning. As regeneration is increased 
signals and noise both will become louder, and 
C1 will tune more sharply. Finally the mixer 
circuit will break into oscillation and, when C1 
is right at resonance, a loud carrier will be heard, 
since the oscillations generated will go through 
the receiver in exactly the same way as an 
incoming signal. As stated before, oscillation 
should occur with R15 set at from one-half to 
three-quarters full scale. In practice, it is best 
always to work with the mixer somewhat below 
the critical regeneration point and never per-
mit it actually to oscillate. On the lower fre-
quencies, where images are less serious, the 
tuning is less critical if the mixer is made non-
regenerative. In this case, always set the re-
generation control at zero, since there will be a 
range on the resistor where, without definite 
regeneration, the signal strength will be less 
than it is with zero resistance. 

Fig. 1224 — The below-chassis wiring and location of parts is shown in 
this bottom view of the seven-tube regenerative single-signal receiver. 
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Should the mixer fail to oscillate, adjust the 
coupling by changing the position of L3 with 
respect to Li. If the two coils happen to be 
"poled" incorrectly, the circuit will not oscil-
late. This condition can be cured by rotating 
Id3 through 180 degrees. It is recommended that 
the mixer regeneration be tested first with the 
antenna disconnected, since antenna loading 
effects may give misleading results until it is 
known that Ls is properly adjusted to produce 
oscillation. 

After the preceding adjustments have been 
completed the i.f. regeneration may be added. 
Install C15, taking out the adjusting screw and 
bending the movable plate to make an angle 
of about 45 degrees with the fixed plate. Re-
align the i.f. As the circuits are tuned to reso-
nance the amplifier will oscillate, and each time 
this happens the gain control, R16, should be 
backed off until oscillations cease. Adjust the 
trimmers to give maximum output with the 
lowest setting of R16. At peak regeneration the 
signal strength should be about the same with 
this setting, despite reduced gain in the ampli-
fier, as it is without regeneration at full gain. 
Too much gain with regeneration will have an 
adverse effect on the selectivity. 

For single-signal c.w. reception, set the beat 
oscillator so that, when R16 is advanced to 
make the i.f, stage just go into oscillation, the 
resulting tone is the desired beat-note frequency. 
Then back off on R16 to obtain the desired de-
gree of selectivity. Maximum selectivity will be 

COD. DATA FOR 7-TUBE SUPERIIET 

Wire 
Bond Coil Size Turns Length Tap 

1.75 M r. Lt 24 
/.2 24 
1.3 22 
Ls 22 
Ls 24 

3.5 Mc. Li 22 
1.2 22 9 
Li 22 12 
/A 22 25 1 inch 
Li 22 10 Close-wound 

7 Me. Li 18 20 I inch 
/.2 22 5 Close-wound 
Ls 22 9 
LS 18 14 1 inch 
Ls 22 6 Close-wound 

I \ lc. Li 18 10 1 inch 
1.2 22 5 Close-wound. 
Ls 22 7 
/A 18 7 1 inch 
Ls 22 4 Close-wound 

28 Mc. Li 18 4 1 inch 
L2 22 4 Close-wound 
L3 22 
L4 18 
Ls 22 2 4 Close-wound 

All coils except Li are 154 inches in diameter, 
wound with enameled wire on Hammarlund SWF 
forms. Spacing between Li and L2, and between 
/..4 and Ls, is approximately 5•4 inch. Bandspread 
taps are counted from bottom (ground) end of L4. 

Ls for 28 Mc. is interwound with Li at the bottom 
end. Li for all other coils is self-supporting, scramble-
wound to a diameter of 34' inch, mounted inside the 
coil form near the bottom of Lt. 

70 
15 
15 
42 
15 
35 

1.5 

36 1 inch 1.4 

(7108e-wound — 
— 

Close-wound Top 

18 

6 

2.4 

435 

.s 

e 

Fig. 1226 — Power-supply for the regenerative superhet. 
CI, C2 — 8.5fd. electrolytic, 450 volts. 
C3 — 16-pfd. electrolytic, 450 volts. 
Ri -- 25,000 ohms, lé watts. 
Li, Li — 12 henrys. 80 nia., 400 ohms. 
Ti — 350 volts each side of center-tap, 80-90 ma.; 6.3 

volts at 2.5 amperes or more; 5-volt 2-ampere 
rectifier-filament winding. 

Si — S.p.s.t. toggle switch. 
Dual-unit electrolytic condensers may be used. This 
supply will give 27.5 to 300 volts with full receiver load. 

secured with the i.f. amplifier just below the os-
cillating point. The " other side of zero beat" 
will be much weaker than the desired side. 
A useful feature of the bandspread dial is 

that it can be directly calibrated in frequency 
for each band. These calibrations may be made 
with the aid of a 100-kc. oscillator, such as is 
described in Chapter Twenty. Ten-kilocycle 
points can be plotted if a 10-kc. multivibrator 
is available, but, since the tuning is almost lin-
ear in each band, a fairly accurate plot will 
result if each 100-kc. interval is simply divided 
off into ten equal parts when the dial calibra-
tions are marked. 
The power-supply requirements for the re-

ceiver are 2.2 amperes at 6.3 volts for the heat-
ers and 80 ma. at 250 volts for the plates. 
Without the 6F6 pentode output stage, a supply 
giving 6.3 volts at 1.5 amperes and 250 volts at 
40 ma. would be sufficient. The circuit of a suit-
able power supply is given in Fig. 1226. 

111 A 12-Tube Crystal-Filter Receiver 

The 12-tube single-signal super heterodyne 
receiver with crystal filter shown in the photo-
graphs of Figs. 1227, 1228 and 1230 was built 
by W4CBD. It is representative of the more 
elaborate amateur-constructed receivers. The 
circuit diagram is shown in Fig. 1229. 
The r.f. section consists of two stages of 

tuned r.f. amplification using 6SK7s, a 6SA7 
mixer and a 6J5 h.f. oscillator. The tuning con-
densers of these stages, CI, C2e C3 and C4 are 
ganged together and operated by the main 
tuning dial. The two r.f. stages are similar 
except that the first stage is not tied into the 
a.v.c. circuit. While the first tube runs at 
maximum gain all the time, a grid resistor 
inserted in the ground return protects the 
tube against strong r.f. fields. A.v.c. is applied 
only to the second r.f. tube and the mixer. 
This provides sufficient a.v.c. action while it 
also produces a greater deflection of the signal 
meter than would be obtained with more 
stages tied to the a.v.c. line. The manual r.f. 
gain control, R11, controls all stages except the 
second r.f. stage. C18 is used to neutralize the 
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space-charge coujiling bet ween No. 
1 grid and the signal grid of the 
mixer tube. 

For general coverage the tuning 
condensers in the r.f. and mixer 
stages are connected across t he 
entire coil. C. C6 and C7 are air 
trimmers ganged to one of the 
small controls along the hnver part 
oft he panel. Since t he st ray capaci-
ties in the mixer stage are slightly 
higher than in the r.f. stages. C., 
and C9 are added to permit com-
pensation. Two sets of coils are re-
quired to cover the frequencies be-
tween one amateur band and the 
next. Although this means quite a 
few coils, it provides a good degree 
of bandspread for even the general-
coverage ranges. 
When bandspread tuning is 

sired, the main tuning conden,ert, 
are tapped down on the coils iit he 
r. f. and mixer stages by a switching 
system in the bottom of the roil 
fi.trin. as sh.. \en in the detail photo-
graph and t he sketch of Fig. 1231. 
This comatction would cause con-
siderable non-linearity in calibration, with 
crowding at one end of t he scale, were it not for 
the fixed padder condensers Ce„ C16, C17. and 
C10. Col is an air-insulated condenser which is 
mounted inside the oscillator shield compart-
ment. After it is set initially to about 25 iimfd.. 
no further adjustment is required. The other 
condensers are mica units, especially selected 
for equal capacities. 

1227 Panel view of the completed reeei Iti•low 
meter are the t g control, tlig• 1111Wer Itch. ti,, ,tand-1,:, 
switch and the r.f. gain control. The gangod-triminei rontrol is in the 
lower left-hand corner of the dial d'art. . 11.0 the ri Olt are the lam. 
switch, the audio gain conirol and the sr' noise-silencer 
adjusting knobs. The a.'. s. in it s lover ri -hand corner of 
the dial chart. view .,rios ir, id“.•,. over the 

The mixer out pot transformer feiqls t he grids 
of the first i.f, stage a t 6.17 noise-amplifier 
stage in parallel i% hie ! lie crystal filter is cou-
pled to the out of 1 he CUT. The 6.17 ampli-
fies the noise and the ( 111t1 rectifies the noise 
and applies the C.c. impulse fo the injector 
grid of ti,, ti1.7, cot ting i-- off for t he duration 
of I he noise impulse. I proyidets the t lireshold 
1111 j ust !neut. The outliut of t he crystal filter is 

coupled to f he input of the second 
if. amp:ifie7. \v'tich keels the diode 
second deteetor 
The 6116 detector is con-

nect('d s.) t hi.i one section handles the 
audio signai while the other section 
supplies a.v. ,•. voltage. In this ar-
rangement i bites of several volts is 
placed on t he a.v.c. side, since the 
rat larde of Ow Iii Iti is returned to 
the 6.15 ataRo cathode rather than 

122ii— Plan view of the crystal-filter, 
single-signal sitiperhet rei.eiver. 'l'o the left, 
from front to reao are t meter, filter 
condensers, hA o. tulle and tank circuit ( I'm), 
filter choke, re:•tilier tube and power trans-
former. The Ii ire of empty sockets are for the 
plug-in coils of the first and second r.f. stages, 
the mixer and the b.f. oscillator in order 
front front to rear. l'he parallel line of corre-
sponding i1111,, is to the right. The h.f, oscil-
lator lid, is hidden by the voltage-regulator 
tithe mounted on the inurel. The Os s, shielded 
transformers to the righ: near the pani•I are 
the ery stablikre- input and output transform-
ers, Ts and 15. In line in back of Ti are the 
61,7, th, first i.f. transformer, T3, the 617 
ami the 6116 noise rectifier. Along the right 
hand edge of tile chassis, from front to back, 
are the fikl', the diode coupling transformer, • 
1-8.. the MI6» second detector and the two 
audio tubes. Bet w ern the tuo lines are the 
crystal and  'se-silencer transformer, 



250 THE RADIO AMATEUR'S HANDBOOK 

to ground. Because the 6J5 cathode is above 
ground for d.c., no a.v.c. action is obtained 
until the signal level exceeds the bias. Thus 
a.v.c. action causes no reduction in sensitivity 
for weak signals. The delayed a.v.c. effect can 
be further manipulated by adjustment of the 
r.f. and audio gain controls. 

'-"5F 
4567 

La 

6J - H F 05C 

oi5v AC 

The beat-oscillator circuit is similar to that 
used in the h.f. oscillator. It is operated at a 
fairly low level and the output to the diode de-
tector is taken from the cathode. Thorough 
shielding of the lead to the 6H6 is important, 
since it is about 24 inches long. The tuning 
condenser, C14, is connected from cathode to 

eV,o. R F 
6551 

00.90/RU ODO, 

/MIXER 
/65A7 

Is, I 

61.7 

0 0 
seas 

Fig. 1229 — Circuit diagram of the ham-band receiver. 
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Ci, Cz, Cs, C4 — 50-pmfd. ganged tuning condensers. 
C5, CO, C7 — 15-aaftl. ganged r.f. and mixer trimmers. 
C8, CS — 15-eodd. variable (stray-capacity equalizer). 
Clo — 50-umfd. variable air padder (see text). 
Co — Oscillator padder inside L7 (see coil table). 
C12 — 50-gpfd. variable (crystal selectivity control). 
Cis — n.umfd. variable (rejection control). 
C14 — 140-mpfd. variable ( Ii.o. tuning control). 
C1s, C18, C17 — 25-,ofd. fixed mica padder. 
Cts — Approximatelv 1 gmfd. (tuisted insulated leads). 
CID — Mudd. mica. 
C20, C21, C22 — 50-pmftl. mica. 
(:23, C24, C25, C26, C27, (.2s — 100-11,41. mica. 
( :29 — 0.001-pfd. mica. 
C30, C31, C32, C33, (:34— 0.002-pfd. paper, 600 volts. 
C35, C38 C37, C38, C30, C40, C41, C42. C43, C44, C45, c6 

C47, C4,, C4s, Coo, 0.01-pfd. paper. 
C52, Css, Cs4, Css, :56, Csr, :64, ( :SO, ( :60 — 0.1-pfd. paper. 

CO2, C63 --- 8-mfd. electrolytic, 450 volts. 
C64, 40-pfd. electrolv tic, 25 volts. 
RI, R2, Ra - 250 ohms, 1 matt. 
114, Rs — 400 ohms, 1 watt. 
RO — 500 ohms, 1 watt. 
R7 — 500 ohms, 10 watts, wire-wound. 
R 8, Rs, RIO — 1000 ohms, 1 u at t. 
Bit — 1000-ohm r.f, gain control, wire-wound. 
R12 — 1500 ohms, 1 u att. 
11,3, 1{14, R15, R18, B17, R1 8 — 2000 ohms, 1 watt. 
Rig — 5000 ohms, 10 maim, wire-uound. 
1120 — 5000-ohm liot entionieter (silencer gain eontrol). 

656- 6011E AEU 

6V6 ourour AMP 6J5 Is, AUDIO 

64/.24o 1.4 

R21 — 7000 ohms, 10 watts, wire-wound. 
lizr — 10,000 ohms, 10 watts, wire-wound. 
1123— 15,000 ohms, 10 watts, wire-wound. 
1124 — 20,000 ohms, 1 watt. 
Rrs, 1128, 1127 — 50,000 ohms, watt. 
Rz g, 1129, R30, Rai, Ra r — 100,000 ohms, 1 watt. 
1133, R34— 500,000 ohms, watt. 
1135 — 1 megohni, 3 watt. 
Rao — 1-megohni audio gain control. 
R37 — 2 megohnts, 3,2 Nat t. 
Id, 1,2, La, 14, Ls, 1.6, 1.7 — See coil table. 
1,6 — Audio coupling impedance (primary winding of 

audio transformer). 
1.8 — Filter choke (Thordarson T-849C41). 
— Power transformer (Thordarson T-871185). 

Tr — Speaker output transformer, universal type. 
Ts — 465-kc. air-tuned i.f. transformer. 
T4 — 465-ke. i.f. transformer altered (see text). 
Tx— 465-ke. b.f.°. unit (see text). 
To — 465-kc. diode input transformer. 
Tr — 465-ke. diode input transformer (see text). 
Tg — 465-kc. b.f.o. unit. 
RFC', liFC2, liFC.3— Approximately 11 mh. (replace-

ment 175-kc. i.f. coil). 
RFC4, RFC5 — 2.5-mh. r.f. choke. 
Si — S.p.d.t. switch. 
S2, Sa, S4 — 'Mitch. 
Sa — Crystal-filter switch (see text). 
— Double-circuit jack. 
M — Signal-strength meter (7-ma. movement). 
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ground to keep the r.f. 
voltage across it low and 
thus minimize pickup in 
neighboring r.f. circuits. This 
connection makes it neces-
sary to use the unusually 
large capacity of 140 add. 
to cover the desired fre-
quency range. The amount 
of oscillator voltage fed into 
the detector is low enough so 
that good limiting of vol-
ume on e.w. signals is ob-
tained, and the hiss level 
is low. 
A power-supply unit is 

built into the receiver. High 
voltage for the audio section 
is taken from a tap at the 
output of the first filter sec-
tion. The field of the exter-
nal speaker is used as the 
inductance in an additional 
filtering section for the 
voltage which supplies the 
other stages. The VR150 
voltage-regulator tube holds 
the plate voltage for the 
two oscillators constant. 
Construction — The chassis ie formed from 

0.050-inch sheet steel. Reinforcing braces were 
spot welded in the corners and L-shaped 
strips are added along the bottom edges of the 
chassis for reinforcement and to form a shelf 
to which the bottom cover could be attached 
with sheet-metal screws. The cover plate is 
equipped with rubber mounting feet, one at 
each corner. The panel is formed from 0.062-
inch sheet steel. A -inch edge with a slight 
radial bend was formed along the top. All holes 

Ck F -MIXER 

OSCILLATOR 

Fig. I231— Pin et •Ctions for the r.f. and plug-
in coils for the 12-tribe superhet. 
The bottom views of the coil forms in the p'iotograph 

show the bandspread switching arrangement. The screw 
head completes the connection between either pair of 
pins, depending upon its position (see sketch at right). 

Fig. L. o -- 'tom nu view of the tu el re-tube . 14,er-heterody ne. The f., /- gait g 
 in 2-enndenSer is at the center. The ganged trimmers. G5, CO and (.7:, are at 
the right, while the crystal-filter selectivity control, C12, and phasing condenser, 
C13. are near the front at the left. C8 and C9 are fastened to Cs and C.1.. respee-
Lively. A separate shielded compartment at the center con:ains the h.f. oscilla-
tor coinponents, with Cm at the right. lly.pa..s i'oii,h.ns,.ro are placed close to 
the points to be by-passed and other small part, are ',fared in the nearest 
available space. The electrolytic units at the right are power filter condensers. 

are drilled first, and later everything is given a 
thick coat of baked-on crack:e enamel. 
The tuning control, built around a National 

Velvet Vernier dial mechanism, is similar to 
the AUN model el,cept that it is larger. The 
ACN may be substituted if available. The 
han(lwheel is a 4-inch valve-control knob. 
The general lay-out plan of the receiver is 

shown quite clearly ir. the photographs. The 
main essential is, of course, the close grouping 
of components in the high-frequency stages. 
All parts, especially those forming the various 
tuned circuits, should be mounted with good 
mechanical anchoring to prevent any slight 
movement which might cause a noticeable 
change in frequency. Care should be exercised 
in lining up the units of the ganged conalensers 
Si) that they will not spring when the shaft is 
turned. All r.f. wiring shoukl be made as short 
as possible and kept well spaced from the 
chassis. Power wiring may he cabled and laid 
flat against the chassis wherever it is convenient 
to do so. 
Coils — All of he coils in each set shown 

in the table are wound to be as nearly identical 
as possible. The r.f. and mixer coils are then 
adjusted to exactly the saine inductance by 
spacing the turns and heavily doping all but 
one or two turns at one end with clear nail 
polish. When the dope has set, a further adjust-
ment may be made by moving the free turns on 
the end and then cementing them firmly in 
place. The inductance of the coils can be 
checked by interchanging two coils at a time 
in the r.f. stages. If there is a difference in 
inductance, the stray-capacity equalizers, Cg 
and Cg, will have to be readjizsted when the 
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coils are interchanged. When the inductance of 
the three coils is adjusted correctly, it should 
be possible to place the coils in the three pési-
tions in any sequence without necessity for 
readjustment of any trimmer to restore reso-
nance. 
The i.f. coupling transformers are modified 

to fit the circuits. About one-fourth of the 
turns should be removed from the secondary 
of Tt, and C20 and C21 are mounted inside the 
shield can. The primary and secondary wind-
ings should be pushed a little closer together. 
T5 is a b.f.o. unit. The tickler winding should 
be replaced with a 100-turn coil of No. 34 
enameled wire, which becomes the new pri-
mary. The two windings are placed close 
together for tight coupling. A 50-pafd. fixed 
condenser, C22, must be added to the second-
ary to hit resonance at 465 kc. An auxiliary 
brass contact is added to Ci3, so that the crys-
tal may be shorted out for straight operation. 
T6 is tuned by a mica trimmer, but may be 
replaced by an air-insulated trimmer if drift 
is excessive. 
Adjustment — With the minimum and 

stray capacities in each stage set : it the saine 

COIL TABLE FOR THE 12-TUBE 
SUPERHETERODYNE 

Wire Cath- ILS. 
Rod L'011 Turno Size ode Tap 

Tap 

1.7-2.4 Me. Lz. L., Le 60 26 d.c.c. z x 
L. La. 8 28 mom. x x 
L7 51 26 d.c.c. 6 47 

2.7-4 Mc. La, L4, L. 42 22 d.c.c. z 24 
Or 

3.5-4 Me. Li. L., La 8 28 enam. z x 
L. 37 22 d.c.c. 5 20 

3.4-4.8 Mc. L2,1... L. 30 22 d.c.e. x x 
Li, LI. Ls 4 22 d.c.c. z x 
1.7 25 22 d.c.c. 4 

4.8-7.2 Mc. LI. L4. L. 19 22 d.c.c. z 
or 

7.0-7.3 Me. 4 22 d.c.e. x x 
L7 15 22 d.c.c. 3 5% 

7.0-10 Me. 14 22 d.c.c. x x 
LI, Li. L. 4 22 d.c.c. x x 
L7 12% 22 d.c.e. 3 

10-14.2 Mc. LS, La, L6 10% 16 bare z 4 
or 

14.0-14.4 Me. Li, La, Lb 4 22 d.c.c. x 
L. 934 16 bare 234 3 

22-30 Mc. /4, L.. Le 5 16 bare x x 
Li. La. L5 4 22 d.c.c. x 
L7 4% 16 bare 2 z 

>Um: All coils are close-wound on 1%-inch diameter 
forms except Li, 1.1. Le and L. for the 10- to 14.2-Mc. 
range. where the turns are spaced the diameter of the 
wire, and the same coils for the 22- to 30-Mc, range, where 
the turns are spaced to make the coil length 1% inches. 
Taps are made the specified number of turns from the 
bottom or ground ends of the windings. 

value, it is easy to secure good tracking of the 
r.f. circuits. It is necessary for them to track 
accurately, since the over-all selectivity of the 
three resonant r.f. circuits is high. If one of 
the circuits is detuned by moving a trimmer 
2 or 3 eipfd. away from resonance, the signal 
meter will indicate a drop of several db. 
When the adjustment of C12 is correct, there 

is no observable interaction between the oscil-
lator and mixer tuning. Should there be any, 
the bias on the signal grid should be checked. 
It should be at least 5 volts. 

If during the adjustment of the crystal 
filter it is found that the rejection control 
allows rejection of interference on one side of 
the desired signal but not on the other it may 
be necessary to add a little capacity, consist-
ing of a pair of twisted wires across the crystal 
holder, to get the rejection slot ta move to the 
other side of the signal. 

II The Panoramic Receiver 

The panoramic receiver incorporates two 
signal channels, the channel for audio-output 
signals normal to a communications-type re-
ceiver and an additional channel for reproduc-
ing the received signal in visual form on the 
screen of a cathode-ray tube. The effective ac-
ceptance bandwidth of the channel for visual 
signals usually is made much wider than the 
channel for audio output — 50 to 100 kc. or 
more, so that it is possible to observe simul-
taneously signals over a wide frequency range 
without destroying the high selectivity for 
signals delivered to the audio amplifier. 
The circuit diagram of an adapter which 

may be applied to any existing communica-
tions-type receiver is shown in Fig. 1234. The 
signal input to the adapter is taken from the 
output of the mixer in the receiver. It then 
passes through a broadly-tuned i.f. stage 
(6S.17) at the receiver's i.f. and thence into a 
second mixer (6SA7) whose output is tuned to 
100 kc. The tuning of the oscillator section of 
this stage is varied over a range of 50 kc. either 
side of 356 kc. (456 kc., the usual receiver i.f. 
minus 100 kc.) at a supervisible rate — 25 to 
30 times per second — by the 6AC7 reactance 
modulator. The reactance tube and the hori-
zontal sweep of the 902 cathode-ray tube are 
driven in synchronism by the 7F7 saw-tooth 
oscillator. Cig is for the purpose of adjusting 
the phasing between the r.f. plate current and 
tank voltage of the 6AC7 to the desired value 
of 90 degrees. 

Since the tuning of the r.f. circuits at the 
front end of the receiver is not swept in this 
system, the first i.f. stage in the adapter is de-
signed to give a rising characteristic either side 
of the center frequency to compensate as much 
as possible for the decreasing characteristic 
introduced by the selectivity of the r.f. stages. 
This is done by overcoupling in the input and 
output transformers of the first 6SJ7 stage. 
The 6SA7 mixer is followed by a 6SJ7 i.f. 

stage tuned to 100 kc. This stage is tuned 
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lg. 1232 — A ...unmet-rid pa noramit adapter. "I he cathode-ray 
tube is provided is ith a scale calibrated in Ise. The four controls an 
for horizontal positioning (RIO, sweep (Jim), intensity (1147) ant 
gain ( R2). The contr.-is for vertical positioning (Iirr) and focusim. 
(R22) are mounted in the rear atol adjustable by screwdriver 

quite sharply. Thus, while the preceding 
stages are broadly tuned to cover the " sweep" 
range, the " instantaneous' . selectivity is con-
trolled by this 6SJ7 stage. This selectivity ( on-
trols the definition or sharpness of the individ-
ual signal patterns on the screen. 
The signal is rectified and amplified in the 

6SQ7 and then applied to the vertical deflec-
tion plates of the cathode-ray tube. A typical 
pattern showing several signals of different 
amplitudes is shown in Fig. 1235. 

Plate and screet v.iltages for all of the tubes 
in the adapter as well as anode voltages for the 
cathode-ray tube are obtained from a voltage-
doubling circuit using a 117Z6GT rectifier. 
The screen voltage for the 6AC7 is held con-
stant by the neon voltage-regulator tube. The 
various adjusting controls are indicated in the 
diagram. 
The unit shown in Figs. 1232, 1233 and 1236 

is a commercial model, but the amateur may 
build one following the saine general lines. 
Testing and Alignment— At the positive 

terminal of C22 the voltage to ground should 
measure 300 volts, approximately, and the 

Fig. 1233 — Top view of the panoramic 
adapter. The socket of the 902 is mounted 
on a metal plate prov ided with slots so that 
the tube may be rotated to place the 
screen in proper position. The power tram. 
former is immediately behind this plate. 
Along the top edge, from left to right, are 
the filter choke, horizontal size control 
(1137), sweep-oscillator transformer ; Ts), 
the 7F7. sweep-frequency control ( Ras), 
and the input i.f. transformer (TO. In the 
line of components below the 902, from 
left to right, are the neon voltage-regulator 
tube, the 6AC7, a triple condenser un it 
(C2t, C22, C23), the &SQL the mixer-oscilla-
tor transformer (Ts) atoll the first 6SJ7 i.f. 
tube. In the bottom row, from left to right, 
are the power rectifier tube, the i.f. output 
transformer ift), the second 6SJ7 i.f. tithe, 
the third i.f. transformer ( T3), the 65A7 
and the second i.f. transformer (T2). 

same voltage should appear between 
the negative terminal of C25 and chas-
-i-. The screen voltage on the two 
tiS.I7s should be approximately 100 
(at full gain). 
The cathode-ray tube makes a Con-
'tuent,indicating device in alignment 

of the r.f. and if. stages. The sweep 
generator should give no difficulty, al-
though it will be helpful to check the 
shape of the saw-tooth. A 'scope having 
the regular complement of amplifiers 
and a linear sweep is necessary for this. 
Connect the grounded side of the ver-
il cml input of the 'scope to chassis and 
t he high side through a condenser (0.1 
idd. or so) to the ungrounded side of 
Cp), when a saw-tooth should appear 
on the oscilloscope screen, if the oscil-
loscope sweep frequency is of the order 
of 30 cycles. With the vertical ampli-
fier connected to the grid of the saw-
tooth oscillator a sharp pulse should 
appear on the screen. Synchronization 

can be checked by connecting the 'scope across 
R3.1 and adjuo.ting the oscilloscope sweep to 
include three or more cycles of the 60-cycle 
voltage which appears across /?34. At each os-
cillator grid pulse a small transient will appear 
in the pattern ( it may be only a small gap in 
the 60-cycle trace) and when R33 is adjusted so 
that one of these appears at the same point on 
every other cycle the saw-tooth oscillator is 
synchronized at 30 cycles. 
The saw-tooth should he reasonably straight 

(make allowance for possible poor linearity of 
the sweep in the oscilloscope at this low fre-
quency) and the fly-back time, or horizontal 
duration of the vertical part of the saw-tooth, 
should be very short. Should the oscillator not 
operate at all, reverse the leads of the plate 
winding of "6. 

With the saw-tooth oscillator in operation, 
apply voltages to the 902. The saw-tooth ap-
plied to the horizontal deflection plates should 
give a horizontal line g ot the screen, focusing 
and intensit y being adjustable by means of 
R22 and R17, rositorl ivuly. The width of the line 
can be adjusted by the horizontal size control, 
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R37, and its position on the screen by Ri2, the 
horizontal positioning control, and Ri7, the 
vertical positioning control. 
A test oscillator practically a necessity for 

the preliminary alignment of the r.f. and i.f. 
amplifiers, if only to get them on the right fre-
quency. The i.f. should be aligned first, tun-
ing the trimmers in T3 and T4 for maximum 
response throughout. As a trimmer is tuned 
through resonance the line on the cathode-ray 
tube screen will move upward, the extent of 
the movement indicating the amplitude of the 
output voltage from the 6SQ7. 
The r.f. circuits ( Ti and 7'2) can be aligned 

with the help of a test oscillator tuned to the 
intermediate frequency in the receiver. Con-
nect the oscillator output between the plate of 
the 68.17 amplifier and ground, using a block-
ing condenser in the hot lead to isolate the 

TO MIRER PLATE. 

—r  

r, 

si 

65.17 6547 

plate voltage. Then adjust C29 in the osCillator 
transformer, T5, to give a beat of 100 kc., which 
will be amplified and give maximum deflec-
tion on the cathode-ray tube screen. The 
sweep control, R35, should be set at zero so that 
the oscillator will not be frequency modulated 
Adjust the secondary trimmer in T2 for maxi-
mum response. Then move the test oscillator 
output to the grid of the 6SJ7 and adjust the 
primary trimmer of T2 to resonance. Align Ti 
similarly with the test oscillator connected be-
tween ground and the clip which goes to the 
receiver mixer plate prong. 
The next step is to adjust the oscillator 

sweep, and for the sake of illustration we will 
assume that the receiver i.f. is 456 ke: With 
the test oscillator at 456 lie., and with the 
sweep padder. R36, at about half scale, in-
crease R3,-, slowly from zero. As the amplitude 

45J7 

rig. 1234— Circuit diagram of the panoramic 

CI, C2, C3, C4, C5, Cs. C15, (:20, C211. Reis R18. R21, R23 — 0.1 megohm, 
C27 — 0.01-pfd. paper, 600 
vats. 

Ce. C7, C14 — 500- pfd. mica. 
C9, C13 — 0.05-pfd. 400-volt paper. 
Cto — 400-volt paper. 
Cit — 0.25-pfd. 400-volt paper. 
C13 — 0.01-51.1. mica. 
C115 — 100-apfd. mica. 
CI7 — 30-551d. mica-
CI8 — 1-10-apfd, mica pailler. 
C19 — 250-pfd. mica. 
C21. C22, C23 — 450-volt 

electrolytic. 
C24. C25— 4-idd. 450-volt electro-

lytic. 
C25, C31 — 100-paid. mica (in oscil-

lator unit, '1'5). 
C29 — 30-240-ppfd. mira pailler 

(in oscillator unit, To). 
C30 — 500-{add. mica (in oscillator 

unit, Ti). 
Rt. Rio, R27 — 0.25 megohm, 34 

watt. 
112 — 10,000-ohm potentiometer. 
Ra, Ria, R34 — 200 ohms, Y¡' watt. 
R4, 1143, 1144 — 50,000 ohms, A 

watt. 
115, R29 — 25,000 ohms, .4¡ watt. 
Re, R7, Rah R45 — 5000 ohms, % 

watt. 

A watt. 
Ro, Rta, Rut, R3s, 1140 — 1 megohm, 

Vi watt. 
Rio — 0.11 megohm, !A watt. 
Rim — 45,000 ohms, watt. 
His, R32 — 0.5 megobm, 32 watt. 
1117, R35, 1147 — 0.1-megohm po-

tentiometer. 
1119, R22 — 0.25-ntegohm potenti-

ometer. 
Rao, R30 — 2 megohms, 34 watt. 
1124 — 25,000 ohms, 1 watt. 
1122 — 33,000 ohms, 34 watt. 
1122 — See note. 
1131 — 500 ohms, ¡i watt. 
1133. Rae, 1137 — 1-megohni potenti-

ometer. 
1139 — 75,000 ohms, AI watt. 
1141 — 1000 Ohms, Yi watt. 
llca — 0.2 megohm, 3/2 watt. 
R46, This— 10,000 ohms, watt. 
R49 — 3000 ohms, %.2 watt (in os-

cillator unit, Ts). 
Rao — 25,000 ohms, 3.4 watt (in 

oscillator unit, T2). 
Ti — R.f. input transformer, 456 

kc. 
T2 — B.f. interstage transformer, 

456 kc. 
Ti— 1.f. input transformer, 100 

etat 
Co I 

J. 

Rs, 

.PT pop et0.02. I 

0,4  

SuILE 04111,411 

adapter. 
— 1.f. output transformer, 100 

kc. 
Tz — Oscillator transformer, 356 

kc. 
To — Saw-tooth oscillator trans-

former (2:1 or 3:1 midget 
audio). 

T7 — Power transformer; two 6.3.v. 
windings, h.v. winding, 
300-v. a.c., 40 ma. 

Li — Filter choke, 40 ma., 350 
ohms (app. 5-10 henrys). 

F — 2-amp. fuse. 
St — Toggle switch (on 1147). 
ji — Open circuit jack. 
N — '-watt neon bulb without 

base resistor. 
RFC — 30-mh. r.f. choke (in oscil-

lator unit, Ts). 
Note: 1(s needed only in cage hori-

zontal positioning control 
(1119) is critical in adjust-
ment or total plate voltage 
exceeds 300, approxi-
mately. It may be omitted 
in this circuit, the junction 
of 1125 and Rig being con-
nected directly to + B. 

Transformers '1'i—T4, inclusive, 
are available from Panoramic Ra-
dio Corp., New York City. 
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of the sweep voltage applied to the grid of the 
6AC7 reactance modulator increases, the pat-
tern on the cathode-ray tube screen should 
change, showing the signal as a hump on the 
horizontal base line, which should move down-
ward to the position it had originally when no 
signal was applied to the vertical plates. A 
suitable height for the signal trace can be ob-
tained by adjustment of the gain control, R27 
or the output of the test oscillator. 

25 50 75 100 
FREQUENCY 

Fig. 1235 — Representation of panoramic reception over 
a 100-ke. band. The cathode-ray tube beam traces the 
pattern which would result from plotting instantaneous 
response of the receiver to signals of differing amplitude 
and frequency, assuming that such a plot could he 
made instantaneously. The signals represented by 
peaks a and b are si close that the id. selectivit) is 
not sufficient to make them appear as isolated peaks. 

Should the signal trace not be in the center 
of the screen, or should it move horizontally as 
the sweep amplitude is increased (either or 
both probably will be the case at first trial), 
adjust C29 while varying R35 until the signal 
remains fixed in position on the horizontal 
base line, regardless of the setting of R.15. When 
the proper adjustment is found the signal will 
not necessarily appear in the center of the 
screen, but it can be brought to center by 
readjusting the horizontal positioning control, 
R19. The phasing control (C18) adjustment is 
not critical, and this control may be set simply 
near but not quite at maximum capacity. 
With a 456-kc. signal centered on the screen, 

tune the test oscillator slowly 
toward 506 kc., watching the   
signal trace move horizon-
tally on the screen as the 
oscillator frequency is 
changed. R35 should be set at 
maximum. With the oscilla-
tor frequency at 506 kc. the 
signal trace should be just at 
the edge of the screen; if it is 
not, it cati be brought there 
by adjustment of the sweep 
padder, R39. Tuning in the 
opposite direction to 406 kc. 
then should move the trace 
to the opposite end of the 
screen. When this adjust-
ment is made the maximum 
sweep will be 100 lie. It may 
be set at any desired figure 
between 100 and zero kc. by 
adjustment of R35. 
The next and final step in 

adjustment is to align T1 and 
T2 to compensate for the r.f. 
selectivity of the receiver. Set 

the receiver at about 3 Mc., set the test oscilla-
tor to the same frequency and tune the signal 
to the center of the screen, using the regular re-
ceiver tuning control. Then move the test oscil-
lator frequency 50 ke. higher or lower, putting 
the signal at one edge of the cathode-ray tube 
screen. Note the amplitude as compared to the 
amplitude at the center, and adjust the i.f. 
transformer trimmers to make the amplitude 
approximately equal to that, at the center. 
Then move the test oscillator 50 kc. on the 
other side of the center frequency and readjust 
the trimmers to make the amplitude equal to 
that at the center. This will upset the first 
adjustment., so it will be necessary to go back 
and forth, making compromise adjustments 
which finally result in making the gain as uni-
form as possible over the whole 100-kc. band. 
The desirable condition, of course, is one in 
which the height of the test signal does not 
change as the frequency is varied over the 
100-kc. range. Probably it will not be possible 
to get perfect compensation, but there should 
be no difficulty in coming reasonably close to 
it. At frequencies higher than 3 Mc. it is to be 
expected that the signal amplitude will in-
crease toward the edges of the pattern, and that 
it will decrease at frequencies lower than 3 Mc. 
The frequency-modulated oscillator in the 

unit provides an excellent means for final 
alignment of the 100-kc. amplifier. Tune in a 
test signal to the center of the screen and ad-
just the trimmers in ri and T4 to give the 
sharpest and most sym met rival pattern. The 
signal on the screen is tctitallv a trace of the 
selectivity curve of the 100-ke. amplifier, and 
corresponds exactly to the similar type of trace 
obtained when aligning an ordinary superhet 
with the aid of a frequency-modulated test 
oscillator and oscilloscope. 

Fig. 1236 — Bottom view of the panoramic adapter. Condensers and resistors 
in the r.f. circuits are placed close to associated circuits following usual prac-
tice. C24 and Css are in the upper left-hand corner. The sweep padder (R36) is 
mounted on a bracket in the loser left-hand corner. R33 and Re are the two 
volume controls near the bottom edge. Near the center, over the 6AC7 socket. 
is the phasing trimmer condenser, C18. R17 1111,1 R22 may be seen mounted at 
the left-hand edge with their shafts protruding to the rear of the cabinet. 
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Transmitter Construction 

IN THE deseriç uns of apparatus to 
follow, not only the elect ri'al specifications but 
also the manufacturer's name and type num-
ber have been given for most 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 is of equivalent quality and has the 
same electrical specifications, may be sub-
stituted in most cases. 
Any unusual characteristics in tuning or 

operation are explained in the text material in 
these pages describing the construct ion of each 
unit. For information concerning straight-
forward transmitter adjust ments. such as the 
tuning and neutralizing of stionlard circuits, 
t he reader should cinisult Cha pi er Four. Chap-
ter Ten contains information on the adjust-
ment of an tuners for the various types 
of antennas. Keying systems are treated in 
Chapter Six. The eonst met iii of meter shunts 
is covered in Chapter Nineteen, while olierat-
ing data on transmit t in g t ubes not specifically 
included in this ehapter will be found in the 
vacuum-tube tables in Chapter Twenty. 
To redoce repetition and make possible a 

treatment of wider scope, liberal reference will 
be made to material appearing in other chap-
ters in this handbook. 

(f. A Simple Crystal-Oscillator Transmitter 
The Unit shown in Figs. 1301 and 1302 rep-

resents one of the simplest types of amateur 
transmitters. The various parts are assembled 

Fig. 1301 — A simple -breadboard" crystal-controlled-oseillator trails 
muter which is capable of a power output of approximately 10 watts. 

on a 9 X 14-inch board which has been squared 
up and given a coat of enamel. 
The circuit is of the grid-plate oscillator 

type with a tank circuit inserted in the cath-
ode lead tuned to a frequency lower than the 

oil.6 

Fi 

ee V 

Fig. 1302 — Circuit of the crystal-oscillator transmitter. 
CI, Ca, Cfi — 0.01.,,fd. paper. 
C2 — 100-aaftl. mica. 
— 0.001-5M. mica. 

Cs. C7, 250-551d. variable (National ST11230). 
11, — 7500 ohms, h watt. 
112 — 200 ohms, 2 watts. 
Ha — 15,000 ohms, 2 watts. 
RFC — 2.5-inli. r.f. choke. 
L — 1.75 Me. — 65 turns No. 22 d.s.c., close-wound. 

3.5 Mc. — 32 turns No. 20 main., 1 inches long. 
7 Me. — 16 turn. No. 20 enam., I 3. inches long. 

All coils wound on . 1-prong Ilammarlund coil forms, 
1% inches in diameter. 

A — Antenna terminal. 
K — Key. 
M — Milliammeter, 100- or 200.ma. scale. 
Xtal — Crystal for desired frequency. 

crystal frequency. This facilitates tuning ad-
justments for proper keying under load. Bias 
is obtained principally from the cathode re-
sistor, R2, since the chief purpose of RI is to 

eliminate parasitic oscillation as a 
result of using r.f. chokes in both 
plate and grid circuits. 

Parallel feed is used in the plate 
circuit to remove d.c. voltage from 
the tuning condenser. A " pi-sec-
tion" tank circuit is used to pro-
vide a simple means of adjusting 
the coupling to the antenna. This 
arrangement will feed power into 
a wire of almost any random 
length, although it should be re-
membered that a good antenna, 
wherever possible, is still required 
for maximum results. 
The photograph of Fig. 1301 

shows most of the constructional 
details. The antenna-coupling con-
denser, C7, is to the left and the 
tuning condenser, C5, to the right 
with the tank coil in between. Above 

• 

256 
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the terminal strip at the rear are the cathode 
resistor, R2, its by-pass condenser, Cli and the 
cathode-circuit r.f. choke with the parallel 
mica condenser, C2, and the screen by-pass 
condenser, C3. The r.f. choke below the tube is 
in the plate circuit with the screen resistor, R3, 
to the left of the 6L6. To the right of the 6L6 
are the grid r.f. choke and resistor, RI, and the 
crystal. The plate blocking condenser is hid-
den behind the tube. 

Although a 6L6 tube is shown in the photo-
graphs and diagram, a 6V6 or 6F6 might be 
used at a lower plate voltage without circuit 
alteration. Any available power supply deliv-
ering up to 450 volts may be used with the 
6L6, the power output obtainable increasing 
with the voltage applied. The one shown in 
Fig. 1303 is suitable. The two units may be 
connected together by a four-wire battery 
cable and a four-pin plug to fit the outlet on 
the power supply. 

Since the circuit is not designed for fre-
quency doubling, a separate crystal will be re-
quired for each frequency desired. 
A milliammeter with a scale of 100 or 200 

ma. should be connected in series with the key, 
as shown in Fig. 1302, as an aid in tuning. Wit h 
a suitable coil and crystal in place, the an-
tenna connected and the high voltage turned 
on, a rise in plate current should occur when 
the key is closed. With C7 set at maximum 
capacity, C5 should be adjusted until the 
milliammeter shows a (lip in plate current in-
dicating resonance. If no dip is found, the 
capacity of C7 should be reduced slightly, step 
by step, rotating C5 through its range each 
time, until the dip is found. The loading may 
be varied within limits by the same process, 
first setting C7 and then retuning C5 to reso-
nance. As the loading is increased, the value of 
plate current at minimum (lip will increase, 
indicating that the tube is taking more power. 
If the loading is made too heavy, the circuit 
will not key well, or it may fail to oscillate at 
all. In this case the loading should be reduced, 
of course. 
The coupling system provided is designed 

primarily to feed into a single-wire anti la 

Fig. 1303 — Circuit of the 450-volt power supply . 

— 4-sfd. 600-volt electroly tic ( Mallory 11S691). 
Ca — 8-sfd. 600-volt electrolytic (Mallory 11S693). 
L — Filter choke, 10 henrys, 175 ma., 100 ohms (Utah 

4667). 
R — 15,000 ohms, 25-watt. 
T — Type 80 rectifier tube. 
TR - Power transformer, 400 volts each side of center-
tap; rectifier filament hinding, 5 volts, 3 amperes; r.L 
filament minding, 6.3 volts, 6 amperes (Utah Y616). 

Fig. 1304 — This power supply delivers 450 volts at a 
full-loud current of 130 ma., with 0.3 per cent ripple and 
measured regulation of 17 per cent. If converted to a 
choke-input filler by in..erting a similar choke between 
the rectifier and present filter, the output voltage is 
reduced to about :300 volts. The chassis measures 7 X 9 
X 2 inches. Filament and plate voltages are brought out 
to a four-prong socket. The circuit is given in Fig. 1303. 

of random kegth. In general, the wire should 
be as long as possible, although there is little 
point in making it over 250 feet in length. As 
much of the total length as possible should 
be elevattul as high as available supports will 
permit. When restriction in spare makes it 
necessary, or for local work, the coupling ar-
rangement shown will feed power into a wire 
only a few feet long. 

II the antenna is to be fed at the center, or if 
tuned feetiers are used as describts1 in Chapter 
Ten, a link line may be connected across the 
coupling condenser. C7, and used to couple to a 
series-parallel antenna tuner, such as the one 
shown in Fig. 1317. The tuning condensers 
specified for this tuner may be uf the midget 
type with smaller plate spacing and the coils 
may be wound on standard receiver forms. 
With a 6Lfi tube and a plate supply deliver-

ing 400 volts, the screen voltage will be about 
250 volts. The tube will draw about 85 ma. non-
oscillating, dipping to about 40 ma. at reso-
naiwe with the antenna disconnected. It should 
be possible to load up the circuit until the tube 
draws about 70 ma. at resonance. Under these 
conditions, the power output on each band 
should be 15 to 201 watts. 

C. A Two-Tube Plug-In Coil Exciter 

In the twe-ttibe exciter or low—power trans-
mitter pictured in Figs. 1305, 1307 and 1308, a 
61.6 oscilttur is used to drive an 807 as an 
amplifier-doubler. As shown in Fig. 1306, a 
Tri-tet circuit, used to obtain harmonic out-
put, is redueed ta a simple tetrode circuit for 
oscillator output at the crystal ftmdamental by 
short-circuiting the cathode tank circuit. Suf-
ficient oscillator output at the fourth harmonic 
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big. 1305 — The two-tube plug-in coil exciter is built to conserve space in the relay rack. The panel 2 X 19 
inches. A clearance hole is cut in the left end of the panel for the er stal socket, w hieh is mounted in the chassis 
directly above the cathode-circuit switch. The left-hand dial controls the tt !!! i ll g of the oscillator plate-tank circuit; 
the dial to the right tunes the output tank circuit. The switch at the right-hand end is for the 200-ma. milliammeter. 

of the crystal frequency is obtainable to drive 
the 807, which may be operated as either a 
straight amplifier or frequency doubler, provid-
ing output of 25 to 50 watts or more in four 
bands from a t•ingle crystal. 
The entire unit is designed to operate from a 

single 250-ma, power supply delivering up to 
750 volts (see Fig. 1316), the maximum rating 
for the 807. Fixed bias of 45 volts, which may 
be obtained from a dry battery, is required for 
the 807. In the system shown, both oscillator 
and amplifier are keyed simultaneously in the 
common cathode lead. A single 200-ma. mil-
liammeter may be switched to read the plate 
current of either stage. 
Tuning —  Because it is possible to double 

Fig. 1306 — Circuit diagram of the 
two-tube plug-in coil exciter unit. 

Ci — 140-ppfd. variable (11ammar-
lund MC-14M ). 

— 150-ppfd. variable (Cardwell 
M It 150BS). 

Ca — 100.µµfd. mica. 
C4 — 20-Mad. mica. 
Cs, C9, C7, Cg, Cg, Cis — 0.01-pfd. 

600-volt paper. 
Cir — 0.01-pfd. 1000-volt paper. 
C. — 100-ppfd. mica (used onl:. on 

3.5 Mc.). 
MA — Milliarnmeter, 0-200-ma. 
RI — 20,000 ohms, I -wag . 
It2 — 25,000 ohms, 2-w att. 
113 — 200 ohms, 2-watt. 
R.— 10,000 ohms, 25-writ t. 
Rs — 3500 ohms, 25-watt. 
Its, 117 — 15,000 ohms, 25-w att. 
Rs, R9 — 1250 ohms, 50-watt. 
Rio, Rn — 10 ohms, I-watt. 
RFC — 2.5-mh. r.f. choke. 
Swi — S.p.s.t. toggle switelt. 
Sw2-1).p.d.t. rotary switch 

(Mallory 3222J). 
14 — 1.75-Me. crystals — 32 turns 

No. 22 d.s.c. close-wound. 
3.5-Me. crystals — 10 turns 

No. 22 d.s.c., 1 inch long. 
Note: Cx mounted in form. 

7-Mc. crystals — 634 turns 
No. 22 d.s.c., 3%-inch long. 

All wound on Ilammarlund 
1 ,l4-inch diam. 4-tain forms. 

— 1.75 Mc. — 56 turns, 114-
inch diameter' 1% inches 
long, 54 ph. (National 
.41180 — no link). 

U66 

or quadruple frequeney in the plate circuit of 
the oscillator and to d•tuble in the plate circuit 
of the 807 as well, there are several possible 
combinations of coils and crystals which will 
produce the same output frequency. Since 
much better effieiencies are obtainable, it is 
advisable to operate the 807 as a straight 
amplifier rather than as a doubler. This is pos-
sible in all cases except where it is necessary to 
obtain output at the eighth harmonic of the 
crystal frequency — 14-Mc. output from a 
1.75- Me, crystal, or 28-Me. output from a 
3.5- Me. cry4al. 'I'llechart shown on page 60 
shows the combinat ion required for the desired 
output from any given crystal. This chart also 
indicates the position for ,•;w1. Be sure that the 

•C - 5v .'-

G 

3.5 Al r. 28 turns, 1 )4. 
inrh diameter, 13,¡ inches 
long. I 5 µh. (National 
A1140 - no link). 

7-Mc. — 14 turns, I.j.-inelt di-
ameter, 134 inches long, 
4.2 µh. (National AR20 
— no link). 

14 l'ale. — 8 turns, 1%-inch 
diameter, inches long, 
L25 ph. (National AR10 
— no link). 

28 Mc. — 4 turns, 1%-inch 
diameter, 34-inch long, 0.5 
uh. (National 41110, t 
turns removed — no link). 

807 

e 3 c 

L3 — 1.75 Mc. — 50 turns, 13/2-inch 
diameter, 2,4 inches long. 
52 ph. ( Coto CS6I6..E)• 

3.5 Mc. — 25 turns, 1..ittch 
dianteter, 1 inches long, 
16 ph. (Coto CS6i.0E). 

7 Mc. — lb turns, 11A.inelt 
diameter, 17/8 inches long, 
5.7 ph. (Coto CS640E). 

14 Mc. — 8 turns. 1 j¡-ineh diame-
ter, 134 inches long, 1.5 
ah. (Coto CS620E). 

28 Mc. — 4 turns, 1 l4inch 
diameter, l l¡ inehes long. 
0.7 ah. (Coto CS610E). 
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Fig. Tlic four- prong -.Act for t 11.• cathode coil, th.• octal sock.•t for th.• ( 1.6 oscillator and the fiye-pning 
socket fur the Coto coda used in the , input tank circuit are sub   along ii,e car of la...•hassis. The mounting 
for the National AR cods used in the oscillator plate circuit is fastened on shor: colic insulator-. i% hile the socket for 
the 807 is submounted in the small steel partition. The grid r. f. choke and screen and ,:at 1.1mdensers 

are fastened directly ta the. socket, large clearance holes lined with grommets are provided f. ir passing the connec-
tions through the chassis from the oscillator plate coil to the tank condenser and for the 807 plate lead. A pair of 
pin jacks serves as the link output terminals. Power-supply connections are made to a terminal strip at the right. 

harmonics of the crystal frequency fall in the 
band in which operation is to occur. 
With the proper coils and crystal in place, 

Swi in the correct position and both con-
densers set at minimum capacity ( 100 on the 
dial), the plate vibltae sinnild be aprdied with 
the meter reading plate current ti, the 807. If 
all resistances are clerect and the plate voltage 
is 750, the plate current should run approxi-
mately 25 nia. With the key closed, tune the 
oscillator tank condenser for maximum ampli-
fier plate curr('nt. ( Dr, not hold the key closed 
for long periods under this high-current condi-
tion.) As soon as the peak has been obtained, 
tune the amplifier pate tank condenser for 
resonance as indicated by a pronounced dip in 
plate current. Should the points of response on 
eithe;- condenser be Sound at points on the 
scale differing appreciably from those given in 
the accompanying table, each circuit should be 
checked with an absorption frequency meter to 
make sure that it is tuned to the correct fre-
quency, since the ranges covered by some of 
the coils include odd harmonics falling outside 
the amateur bands. Once checked, the dial set-
tings can be logged for quick resetting. 

Fig. 1308 — Bot tom view of the 
plug-in exciter. Space inside the 
4 X 1.7 X 3-huit chassis ha- been 
utilized to the greatest' .•% tent 
possille %, preset.% Mg 
bait Vidtage divider resistors 
Rs and Rs are to the right of the 
oscillator tank condenser, while 
Ri, Rs. Rs and 87 are mounted 
to the rear of the meter. The oscil-
lator ri. choke and grid leak are 
fastened to the cr%•Atal• socket. 
Connections between the crystal 
socket and cathode suitch are 
made. directly and kept well 
spaced. The oscillator circuit may 
he arranged for y.f.o. intuit as 
shown in Fig. 1385. Meter-shunt-
ing resistances are fastened to the 
meter switch. Both tank-condenser 
shaft, must he fitted with insu-
lated couplings and panel bearings. 

When the amplifier has been tuned, the 
meter switch may be set to read oscillator 
plate current and the oscillator tank circuit 
tuned for minimum plate current consistent 
with satisfactory keying. Active crystals usu-
ally will oscillate continuously in the Tri-tet 
circuit, regardless of the setting of the tank 
condenser. With tLie tetrode circuit, however, 
the circuit will oscillate only within relatively 
narrow limits. Ste' must be closed when the 
oscillator plate circuit is tuned to the crystal 
frequent-v. The oscillator plate current will 
vary widely, depending upon whether output 
is taken at the fundamental, second har-
monic or fourth harmonic. At the specified 
plate voltage, it should run between 40 and 
50 ma. with the plate circuit tuned to the crys-
tal fundamentud or second harmonic. When 
tuned to the fourth harmonie, the plate current 
will normally run between 85 and 95 ma. 

Because the plate and screen of the 6L6 are 
operated from a voltage divider, their volt-
ages vary with tuning. Plate voltage varies 
between 400 and eo, except at the fourth har-
monic when it fails to 340 volts or so. The 
screen voltage_ varies from 280 to 210 volts. 
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Crystal 
nand 
Me. 

t:i oi. iND TUNING TABLE FOR TWO-TUBE PLUG-IN COIL EXCITER 

Output 
Band 
Mr. 

Li C11.2 C2L3 
Swi Band Band Bond CI* 

Mr. Me. Mr. 
Ci* 

1.75 
1.75 
3.5 
1.75 
3.5 
7 
1.75 
3.5 
7 
3.5 
7 

1.75 Closed 1.75 1.75 1.75 10 
3.5 Open 1.75 3.5 3.5 10 
3.5 Closed 3.5 3.5 3.5 10 
7 Open 1.75 7 7 20 
7 Open 3.5 7 7 20 
7 Closed 7 7 7 20 
14 Open 1.75 7 14 20 
14 Open 3.5 14 1 l 35 
14 Open 7 14 I l 35 
28 Open 3.5 I 1 28 35 
28 Open 7 28 28 75 

10 
30 
30 
SO 
50 
50 
70 
70 
70 
80 
80 

*Approximate settings for low-frequency ends of bands with dial reading at," at full capacity • f condenser. 

The plate current should be limited to 70 
ma. at 28 Mc. and 80 ma. at 14 Mc. when dou-
bling frequency in the output stage, and to 90 
ma. when operating the 807 as a straight ampli-
fier at 28 Mc. Power output under these condi-
tions should average 40 to 55 watts on all bands. 
When doubling frequency in the output circuit 
to 14 and 28 Mc., the output will be reduced to 
about 27 and 18 watts respectively. 

If the exciter is operated from a power sup-
ply of lower voltage, the values of resistance 
specified for the voltage divii his may be al-
tered to increase the voltages (01 the oscillator 
plate and screen and also the screen of the 807. 
With a 600-volt supply, Rs and R9 should be 
1000 ohms each, R., 20,000 ohms, and Rs, 
10,000 ohms. Power output will average 30 to 
35 watt', from the 807 as a straight amplifier. 

Complete 75-Watt All-Band Trans-
mitter with Plug-in Coils 

If it is desired to feed the unit of Fig. 1305 
into an antenna as a complete transmitter, it 
may be combined with the power-supply unit 
of Fig. 1316, which will furnish heater and 
plate voltages, and the antenna-tuning unit of 
Fig. 1318 using the large condensers. A 45-volt 
dry battery will be required for bias. The three 
units may be placed in a small table rack with 
a total height of only 17 inches. 

e A Band-Switching Exciter with 807 
Output Stage 

The exciter or low-power transmitter pic-
tured in Figs. 1309, 1310 and 1312 is designed 
for flexibility, being adaptable for use on all 
bands from 1.75 to 28 Me., with crystals cut for 
different bands, and also for quick band chang-
ing over three bands. It consists of a 6C5 triode 
oscillator followed by two triode doubler 
stages in one tube, a 6N7; by means of a 
switch, 52, the output of any of the three 
stages can be connected to the grid of the final 
tube, which is an 807 beam tetrode. The circuit 
diagram is given in Fig. 1311. 
The oscillator coil and the first and second 

doubler plate coils, L1, L3 and L2 respectively, 
need not be changed for crystals ground for a 
given band. The switching circuit is so arranged 
that the grids of unused stages are automati-
cally disconnected from the preceding stage 
and grounded, so that excitation is not applied 
to the idle doubler tubes. 

Capacity coupling between 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. The 6C5, 6N7, and the 807 screen all 
operate from a 250-volt supply. Series feed is 
used in the 807 plate circuit, the tank con-

Fig. 1309 — Art 807 exciter or low. 
power transmitter combining the 
flexibility of plug-in coils with the 
convenience of hand-switching. A 
band-switching plug-in coil assembly 
changes tank coils in the 807 plate 
circuit. Crystal sw itching and meter 
sw it ching also are provided. Plate 
currents for all tubes and screen cur-
rent for the 807 are read on a 200-nia. 
nicher which can be switched to any 
circuit. Keying is in the oscillator 
cathode circuit, for break-in opera-
tion. The panel is 8% inches high and 
of standard rack width. The chassis 
measures 8 X 17 X 2 inches. The unit 
requires two power supplies, one de-
livering 250 volts at approximately 75 
ma. and the other 750 volts at 100 ma. 
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Fig. 1310 — Top view of the band. 
switching exciter with coils removed. At 
the left rear are the spare crystal socket, 
the 6C5 and the 6N7. Directly in front of 
these are the tuning condensers (mounted 
directly on the chassis) and the roil sock-
ets (mounted on pillars) for the oscillator 
and doubler stages. Grouped to the right 
are the 807, the amplifier tank condenser 
(which must he insulated from thechassis) 
and the switch assembly. The ''hot" leads 
from the coils are brought through groin. 
meted holes in the chassis. 'l'he amplifier 
switch assembly should be mounted far 
enough hack from the panel so that the 
coils will clear the side of the relay rack 
or cabinet. Leads between the sm itch and 
C4 should be kept as short as po,sible. 

denser being of the type which is insulated 
from the chassis. Fixed bias of about 75 volts 
is used on the 807 grid. 

Plate currents for all tubes are read by a 
200-ma. meter which can be switched to any 
circuit by means of 84. Keying is done in the 
oscillator cathode circuit providing break-in 
operation. 

Since in normal operation the crystal tank 
circuit, CiLi, is tuned well on the high-fre-
quency side of resonance, there is a tendency 
for the first doubler section to break into a 
"tuned-grid tuned-plate" type of oscillation 
when the key is up; this is prevented by a small 
amount of inductive neutralization provided 
by the single-turn coils, L5 and Le, wound as 
closely as possible to the ground end of each 
tank coil. The 28- Me, coil does not need such 
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Fig. 1311 — Circuit diagram of the cry stal-controlled 

CI, C2, C3 — 100-ppfil. variable (National Fr.loo). 
C4 — 150-ppfd. variable, 0.05-inch plate spacing (Ilam-

marlund IIFB-150-C). 
Cs, Ca, C7 — 0.002-pfd. 500-volt mica. 
Cs, Co, Cue — 100-ppfd. 500-volt mica. 
Cu — 0.002-pfd. 2500-volt mica. 
C32—C17, inc. — 0.01-pfd. 600-volt paper. 
R: — 10,000 ohms, 3/2-watt. 
Ito — 300 ohms, 1-watt. 
113, R4 — 25,000 ohms, 3/3-watt. 
115-119, inc. — 25 ohms, 3/2-watt. 
RFC — 2.5-mh. r.f. choke. 
Si — Ceramic wafer switch, 6 or more positions. 
S2— Three-gang three-position ceramic wafer switch 

(Yaxley 163C). 
S3 — Band-switch in coil assembly (Coto type 700). 
S4 Two-gang 6-position (5 used) ceramic wafer 

switch. 
M — 0-200 d.c. milliammeter, bakelite case. 

a neutralizing winding, since it is used only 
in the second doubler stage. L5 and Le should 
be so connected as to prevent self-oscillation of 
the first 6N7 section when the key is open; the 
proper connections should be found by trial. 

In the bottom view, Fig. 1312, the meter 
switch with its shunting resistors is at the left, 
with the 807 plate by-pass condenser, Cll, just 
above it. The stage switch, S2, is in the center. 
R.f, leads to this switch should be kept sep-
arated as much as the layout will permit. 
R.f. junction points are insulated by small 
ceramic pillars. In this view, the right-hand 
section of the 6N7 is the first doubler. The 
rotor contact of the section of S2 nearest the 
panel goes to the grid of the first doubler, the 
middle section to the second-doubler grid, and 
the third section to the 807 grid. 

RFC 

050567 

807 

3 RFC 

4750 

0. 

807 band-switching exciter or low -pow er transmitter. 
Li, 1.2, 103 — 1.75 Mc.: 50 turns No. 22 d.s.c. close-wound. 

3.5 Mc.: 26 turns No. 18, length 13/3 inches. 
7 Mc.: 17 turns No. 18, length 1/3 inches. 
14 Mc.: 8 turns No. 18, length 1M inches. 
28 Mc.: 3 turns No. 18, length 1 inch. 
All wound on 1M-inch diameter forms (lIammar-

lund SWF-4); turns spaced evenly to fill specified 
winding length. 

L. -1.75 Mc.— 50 turns, 1M-inch diameter, 294 
inches long, 52 ph. (Coto CI6160E). 

3.5 Mc. — 25 turns, 1M-inch diameter, 1,3¡' inches 
long, 16 ph. (Coto CI680E). 

7 Me. — 16 urns, 1M-inch diameter, 134 inches 
long, 5.7 ph. (Coto C1640E). 

14 Mc. — 8 turns, 1M-inch diameter, 1% inches 
long, 1.5 511. (Coto CI620E). 

28 Mc. — 4 turns, 1M-inch diameter, 134' inches 
long, 0.7 ph. (Coto CI610E). 

14, L. — One turn at bottom of Li and L2. See text. 
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Figs. 1313 and 1316 show suitable 250- and 
750-volt power-supply units for this transmitter. 
Heater voltage and grid bias are obtained from 
the 250-volt supply. If desired, both these power 
units may be assembled on one large chassis. 
Tuning — To operate the exciter, coils for 

consecutively higher-frequency bands are 
plugged in at LI, L2 and L3; only five are neces-
sary for operation with any crystal from 1.75 
to 7 Mc. and for output from 1.75 to 28 Mc. 
For example, with 3.5-Mc, crystals, the 3.5-, 7-
and 14-Mc, coils would be plugged in at LI, 
L2 and L3 respectively. For 1.75- Mc, crystals, 
the 1.75-, 3.5- and 7-Mc, coils would be used, 
and so on. The plate coils for the 807 should 
cover the same bands as the low-level coils. 

Preliminary tuning should be done with the 
plate voltage for the 807 disconnected. Set S2 
so that all tubes are in use. Switch the milliam-
meter to the oscillator circuit and close the key. 
Rotate C1 for the dip in plate current which 
indicates oscillation. The non-oscillating plate 
current should be between 20 and 25 ma., 
dropping to 15 cr 20 when oscillating. Switch 
the meter to the doubler plate and adjust C2 
to minimum plate current, or resonance. The 
off-resonance plate current should be about 30 
ma. or more and the reading should be between 
10 and 15 at resonance. Check the second-
doubler plate current and tuning similarly; 
the off-resonance plate current should again 
be around 30 ma., dropping to 15 or 20 at 
resonance. At this point the 807 screen current 
should be measured; with too much excitation 
it will be considerably higher than the rated 
value (about 12 ma.) and the excitation should 
not be kept on for more than a second or two. 

Next, the plate voltage may be applied to 
the 807. The amplifier should not be operated 
without load for more than a few moments at a 
time, because under these conditions the screen 
dissipation is excessive. Use a 70-olim dummy 
antenna or a 60-watt lamp connected to the 
output link. The three bands may be checked 
in order by appropriate switching of 82 and 
83. With the 807 fully loaded, check the screen 
current to make sure it. does not exceed 10 or 
12 ma. If it is too high, reduce the excitation 
by detuning the crystal oscillator until it 
reaches the proper value. The 807 grid current 

Fig. 1312— Bottom view of the band-
swi riling exciter, shin% ing the meter 
switch at the left, the band-switch in the 
center and the crystal switch at the right. 
The multiple crystal niounting, which 
holds - ix erystals, is made of a 3 X 4 q-
inch aluminum plate fitted with Am. 
phenol crystal sockets, the assembly be-
ing elevated from the chassis by metal 
pillars. A seventh socket is provided on 
top of the chassis for a spare crystal or for 
c.c.o. input. The 750-volt lead is brought 
through a Millen safety terminal, and all 
other power connections come to a ter-
' I strip at th'e rear which has barrier-

between the terminals to prevent acci-
dental contact. All grounds are made 
directly to the 8 X 17 X 2-inch chassis. 

may be measured with a lower-range milliam-
meter eonnected in series with the bias source, 
if desired. Maximum output will be secured 
with a grid current of about 3 or 4 milli-
amperes, a value which also will give about 
rated screen current. Tlie screen current is, 
in fact, a very good indicator of excitation. 
The 807 should show no tendency to oscillate 
by itself when the key is open. 
The current to each section of the 6N7 

should be 20 ma. with the key open (no exci-
tation). If the two currents are not the same or 
show changes when C2 and C1 are tuned with 
key open, the first doubler may be acting as a 
t.p.t.g. oscillator, as previously mentioned, and 
the neutralizing circuit should be checked. Do 
not use more than 250 volts for the low-voltage 
supply, as higher values will cause excessive 
807 screen dissipation. Care also should be 
taken to avoid excessive excitation. In normal 
operation, with Ci detuned to reduce excita-
tion to the proper value, the doubler plate 
currents will show little change between reso-
nance and off-resonance tuning. 

Fig. 1313 — A combination power-supply unit de-
livering 250 or 300 volts for exciter plate simply and 75 
volts of fixed bias. The unit is designed especially to 
work with the band-switching exciter, the diagram of 
which is shown in Fig. 1311. If desired, the components 
may be combined with the components for a high-voltage 
plate supply on a single chassis. The circuit diagram of 
the combination unit is shown in Fig. 1314. 
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With maximum input to the 807 plate (75 

watts) the output is approximately 50 watts 
on all bands except 28 Mc., where greater cir-
cuit losses decrease it to about 40 watts. The 
excitation provided by the 6N7 doubler is 
more than ample on all bands. 
The oscillator circuit may be arranged for 

v.f.o. input as in Fig. 1385. 

(A) 

big. 1314 -- Circuit diagram of the combination plate, 
screen and grid-bias power supply shown in Fig. 1313. 

C2 — Sections of 8-51d. 450-volt dual electrolytic. 
C3 — 450-volt paper. 
C4 — Sanie as Ca (used only for 300-volt output). 
It, 1,2 — 6-henry, 80-nia. i38-ohm filter choke (Thor-

darson T-573:51). 
Ri — 20,000 ohms, 10-watt. 
112 — 20,000 ohms, 2-watt. 
113 — 25.000 ohms, 2-watt. 
114 — 15,000 ohms, 2-watt. 
T — 300 volts r.m.s., each side of centertap, 90 nia.; 5 

volts, 3 amperes; 6.3 volts, 3.5 amperes (Thordar-
son T-131113). 

If desired, the bias branch may be omitted, as shown in 
the alternative diagram :it 13. All values remain as above. 

C. A Combination Low-Voltage Plate or 
Screen Supply and Fixed-Bias Pack 

Fig. 1313 illustrates a combination pack 
which will deliver 250 or 300 volts, 75 ma., for 

Fig. 1316 — This power-supply unit delivers 
either 620 or 780 volts at a full-load current 
of 260 ma. with 0.4 per cent ripple and regu-
lation of 22 per cent. Voltage is changed by a 
tap on the plate-transformer primary- wind-
ing. The filter chokes are at the left and the 
plate power transformer at the right on the 
panel side of the chassis. The can-type 1000-
volt filter condensers are at the 1(11 in front 
and the rectifier tubes at the right, is ¡tu the 
rectifier lilanient transformer in bet, c.... All 
exposed component terminals are undcrucath 
the chassis. The panel is iqiX19X3 inches. 
The 2.5-volt 10-ampere rectifier filament 
transformer should have 10,000-volt insula-
tion. A 6.3-volt filament transformer is in-
cluded for heating the filaments of r.f. tubes. 
This transformer is mounted underneath 
the chassis; its output terminals are brought 
out to a standard a.c. receptacle in the rear. 
'1'he circuit diagram is shown in Fig. 1315. 

supplying plate voltage for receiving-tube ex-
citer stages as well as screen and fixed-bias 
voltage for a beam-tube driver stage. 
The circuit diagram is shown in Fig. 1314-A. 

In addition to the usual full-wave rectifier cir-
cuit employing a type 80 tube, a IV half-wave 
rectifier also is connected across one half of the 
transformer secondary in reverse direction to 
provide a negative biasing voltage which 
is held constant at 75 volts by the VR75-30 
regulator tube. With the dropping resistor 
shown, the regulator tube will pass a grid cur-
rent of 25 ma. without overload. The IV recti-
fier is indirectly heated, so that it may be 
operated front the same 6.3-volt winding pro-
vided to supply the r.f. tubes in the trans-
mit ter. 
The output voltage at a normal load cur-

rent of about 75 ma. can be increased from 250 
to about 300 by the addition of an input filter 
condenser, C4, the connections for which are 
shown in dotted lines. 

If the bias section is not needed, plate or 
screen voltage may be obtained with the sim-
plified circuit shown in Fig. 1314-B, eliminat-
ing the bias section. 

Ste.A.C. 

Fig. 1315— Circuit of the power supply in Fig. 1316. 

CI — 2.5fd. 1000-volt paper (Sprague OT21). 
— 4.5fi1. 1000-volt paper (Sprague OT41). 

Li — Input choke, 6-19 henrys, 300 ma., 125 ohms 
(Kenyon T-510). 

— Smoothing choke, 11 henrys, 300 ma., 125 ohms 
(Kenyon T-166). 

R- 20,000 ohms, 50 watts. 
T — Type 866 Jr. rectifier. 

— 925 or 740 volts r.m.s. each side of centertap, 
300 nia. d.c. (Kenyon T-656). 

Tr2 — 2.5 volts, 10 amperes, 2000-volt insulation (Ken-
yon T-352). 

Tr3 — 6.3-volt 3-ampere filament transformer. 
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A Low-Power Antenna Tuner for 

Rack Mounting 

In the lack-mounted low-power antenna 
tuner shown in Fig. 1317, separate series and 
parallel condensers are used. This arrange-
ment, while requiring three variable condens-
ers, has the advantage that no switching is 
necessary when changing over from series to 
parallel tuning. It also makes possible the use 
of the tuner to cover a considerably wider 
range of antenna and transmission-line con-
ditions, because the series condensers can be 
adjusted in conjunction with the parallel 
condenser to shorten the electrical length of 
the feeders whenever this is required to make 
parallel tuning effective. In addition, the series 
condensers also are useful in that they provide a 

Link Input 

Fig. 1318 — Circuit of the rack-mounting antenna 
tuner for use with transmitters having final amplifiers 
which are operated at less than 1000 volts on the plate. 

CI— 100 add. per section, 0.045-inch spacing (National 
TMK-100-1)) for higher voltages; receiving. 
type for lower voltages (Ilammarlund MCD-
100). 

C2, CS — 250 paid., 0.026-inch spacing (National TMS-
250) for higher voltages; receiving-type for 
lower voltages (Ilamtnarluncl NIC250). 

L — B&W JVL series coils. Approximate dimensions 
for parallel tuning for each hand are as follows: 

1.75-Mc. band — 56 turns No. 24. 
3.5-Me. band — 40 turns No. 20. 
7-Mc. band — 24 turns No. 16. 
14-Me. band — 14 turns No. 16. 
28-Mc. band — 8 turns No 16. 

All coils are 14 inches in diameter and 24 inches long, 
with the variable link located at the center. For series 
tuning, use the coil specified for the next-higher fre-
quency band, which w ill lie approximately correct. 

Fig. 1317— A rack-mounting antenna 
tuner for low-power transmitters. Ci is in 
the center, with C2 and Cs on either side. 
All of the components are mounted di-
rectly on the 54-inch panel. '1'he variable 
condensers are mounted on the assembly 
rods on National type GS-1 insulating 
pillars which are fastened to the con-
denser end plates with machine screws 
from which the heads have been re-
moved. Small Isolantite shaft couplings 
are used to insulate the controls. The coil 
socket is fastened to the rear end plate of 
the parallel condenser, CI, with spacers 
to clear the prongs. Clips with flexible 
leads are provided for the split-stator 
parallel condenser, Ci, so that its sections 
may be connected either in parallel 
or in series to form either a high- or 
low-capacity tank circuit as required. 

measure of control over the amplifier loading 
when parallel tuning is used. 

Clips with flexible leads attached are provided 
for the parallel condenser, CI, so that the sec-
tions may be connected either in parallel or in 
series to form either a high- or low-capacity 
tank circuit, as required. When the high-C 
parallel tank is desired, the two stators are 
clipped together, as shown by the dotted lines in 
the circuit diagram of Fig. 1318, and the rotor 
is connected to the opposite feeder. When the 
two sections are connected in series, for low-C 
operation, the break-down voltage is increased. 

Below the circuit diagram, Fig. 1318, two 
sets of variable condensers are suggested. The 
smaller receiving-type condensers with 0.03-
inch air gap should be satisfactory for low-
power transmitters operating at plate voltages 
of 400 to 450 volts, while the larger condensers 
with 0.045-inch spacing will be required for 
transmitters using plate voltages up to about 
750 or 1000 volts. 

11, Complete 75-Watt Multiband 
Transmitter 

If it is desired to use the band-switching 807 
exciter unit shown in Fig. 1309 as a complete 
transmitter feeding the antenna, it may be 
combined with the power-supply units of Figs. 
1313 and 1316 and the antenna tuner of Fig. 
1317 (using the large 0.045-inch spacing con-
densers) to make a complete 75-watt trans-
mitter unit. 
The combination 250-volt power supply 

of Fig. 1313 will supply plate voltage for the 
oscillator and doubler stages, as well as screen 
and bias voltages for the 807. Filament supply 
also is obtainable from this unit. Plate voltage 
for the 807 is furnished by the power supply 
unit of Fig. 1316. 
The combined height of all units (assuming 

the power-supply unit of Fig. 1313 to be 
mounted on a 7-inch panel) will be 29% 
inches. The separate filament transformer, Tr3, 
shown in the diagram of Fig. 1315 will not be 
required since the necessary heater power for 
the transmitter can be obtained from the 250-
volt supply. 
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Fig. 1319 — A 90-watt c.w. transmitter 
using a 6L6 Tri-tet oscillator and a push-
pull 6L6 amplifier. The rack-width panel 
of the transmitter is 7 inches high. The 
single milliammeter is switched from the 
oscillator to the amplifier by the rotary 
switch at the lower left. The three remain-
ing controls are for tuning the oscillator 
plate, amplifier plate and antenna tank 
circuits. All sockets, except those for the 
amplifier- and antenna-tank coils are sub-
mounted. The three insulated terminals 
just visible at the right rear behind the 
antenna coil, La, are the binding-post out-
put connections for the antenna tuner. 

4:1, A 90-Watt C.W. Transmitter Using 
Push-Pull 61.6s 

In the 90-watt c.w. transmitter shown in 
Figs. 1319 and 1320, a 6L6 Tri-tet oscillator 
drives a pair of 6L6s in a push-pull inverted 
amplifier circuit (also known as cathode cou-
pling — § 3-3 and 4-7). The circuit diagram 
appears in Fig. 1321. 
The sockets for the crystal and the cathode 

coil are wired as shown in Fig. 1385, to permit 
feeding with a v.f.o. unit if desired. The plate 
circuit of the oscillator is parallel-fed to permit 
grounding of the rotor of C2 in mounting. A 
high-capacity tank condenser is used so that 
two bands may be covered with one coil, re-
ducing coil-changing when shifting from one 
band to another. The cathode coil, Lg, by 
which the oscillator and amplifier are coupled, 
is center-tapped to provide push-pull input 
to the amplifier stage. 

While neutralization is not required, a cer-
tain amount is introduced through the fixed 
condensers C9 and C10 from plates to cathodes 
partially to nullify the effects of degeneration 
inherent in this type of circuit and thereby re-
duce excitation requirements. Neutralization 
is not carried to the point where there is dan-
ger of instability. All r.f.-wiring leads in the 
amplifier should be made as short and direct 
as possible. The individual grid condensers, 
C7 and Cg, should be connected directly to the 
grid terminals at each socket. 
The output of the amplifier is link-coupled 

to an antenna tuner. The lower stator of Cg is 

Fig. 1320 — The three 
tank condensers are 
mounted underneath the 
chassis of the 90-watt 
transmitter. The two split. 
stator condensers are 
mounted from the rear 
edge with insulating pil-
lars, and their shafts are 
fitted with insulating cou-
plings and panel bearings. 
They must be mounted so 
their shafts come level 
with that of C2 to the left, 
which is n ttttttt ted directly 
on the chassis. Ileavy bare-
wire leads through grom-
meted holes connect the 
amplifier and antenna 
tank condensers and coils. 

fitted with a flexible lead terminated in an in-
sulated banana plug which may be plugged 
into any one of the antenna terminals, which 
are jack-top binding posts. These posts are in-
sulated from the chassis by mounting them in 
National polystyrene button-type insulators 
which have been drilled out. Series tuning 
with high capacity is obtained by placing the 
plug in terminal No. 1 and connecting the feed-
ers to terminals Nos. 2 and 3, and series tuning 
with low capacity by leaving the plug free and 
connecting the feeders to terminals Nos. 2 and 
3. High-capacity parallel tuning is obtained by 
placing the plug in terminal 1, shorting termi-
nals 2 and 3, and connecting the feeders be-
tween 1 and 3, while parallel tuning with low 
capacity is obtained by placing the plug in 
terminal 3 and connecting to 1 and 3. 
Both stages are keyed simultaneously in the 

cathode return leads. The milliammeter, MA, 
can be switched from the oscillator-cathode 
circuit to that of the amplifier. Switching of the 
meter is simplified by inclusion of the shunting 
resistances, Rg and R7, which are sufficiently 
high in value to have negligible effect upon the 
reading of the meter. 
The transmitter can be operated at maxi-

mum input from the 450-volt power supply 
shown in Fig. 1304, provided a 200-ma, power 
transformer ( Utah Y620E) and filter choke 
(Utah 4668) are substituted for those speci-
fied. 
Tuning— Tuning of the transmitter is 

quite simple. It should be borne in mind that 
output from the oscillator may be obtained at 
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5, 

either the fundamental frequency of the crystal 
or at the second harmonic of that frequency, 
and that the selection of the proper coil for L1 
depends upon the crystal frequency and not 
the output frequency of the oscillator. Using the 
oscillator plate coils listed below Fig. 1321, 
the lowest-frequency band will be found near 
the maximum-capacity end on the dial of C2, 
while the higher-frequency bands will be found 
near the minimum capacity end of its tuning 
range. 

With the milliammeter switched to the 
oscillator circuit, the plate-current reading 
should be about 60 ma. when the key is closed 
if a full 350 volts is used on the plate. As C2 
is tuned through resonance, the oscillator plate 
current will dip to about 25 ma. at the lower 
frequencies and to about 50 ma. at the higher 
frequencies. 
When the meter is switched to the amplifier 

stage, a plate-current reading of about 260 ma. 
should be obtained with the key closed. A 
plate-current dip to 50 ma. or less should be 
obtained when Cs is tuned to resonance. 

RFC, 

.«1 

Once these adjustmonts have been com-
pleted, the antenna may be coupled and tuned. 
When the plate current of the amplifier under 
load increases to 200 ma. as C4 is tuned to 
resonance, this represents about the optimum 
loading condition. Using a plate voltage of 450 
and with proper adjustment. of the amplifier, 
it should be possible to obtain a power output 
of 50 to 60 watts on all bands. 

Because of the oscillator reaction caused by 
modulation, resulting from us, of the inverted 
amplifier circuit, this transmitter is recom-
mended for c.w. work only. 

Complete 90-Watt C.W. Transmitter 

The 90-watt 6L6 r.f. unit of Fig. 1319 may 
be combined with the power-supply unit show-

• ing Fig. 1316 (with the separate 6.3-volt fila-
ment transformer, Tr3, included to supply the 
greater heater power requirements of the 6L6s)-
to form a complete c.w. transmitter. The two 
units will have a combined height of 154 
inches when they are mounted in a standard 
relay rack or cabinet. 

-e-
+ 1 
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Fig. 1321 — Circuit diagram 

100-mail. mica 
C2— 250-eodd. variable (National 

TMS-250). 
C4 — 250 pad. per section 

(I lammarlund MTCD-
250-C). 

C5, CH — 0.001-edd. mica. 
Cr, C8 — 50-iodd. MICH. 

Li "— For 1.75-Mc. crystals: 32 turns No. 24 d.s.c., 
close-wound. 

For 3.5- Mc. crystals: 10 turns No. 22, 1 inch long; 
100-55fd. mica condenser mounted in form, 

. connected across u •  
For 7-Me. crystals: 6 turns No. 22, 5/8-inch long. 

L3 — FOr 1.75- and 3.5-Mc. hands — 38 turns No. 18 
d.c.c. close-w I. 

For 3.5- and 7-Mc. bands — 20 turns No. 18, 
1%1 inches long. 

For 7- and 14-Mc. hands- 9 turns No. 18, 1% 
inches long. 

L3 ** B & W JCI, series coils, dimensions as follows: 
1.75 Mc. — 60 turns No. 24, 2! inches long. 
3.5 Mc. — 44 tarns No. 20, 2% inches long. 
7 Mc. — 26 turns No. 16, 2% inches long. 
14 Mc. — 16 turns No. 16, I % inches long. 

'All wound on Ilammarlund 1%-inch diameter 

l 4 -13:*71 form s.inches in diameter. 

'T 

I.„ 

e 

of the 90-watt push-pull 61.6 transmitter with built-in antenna coupler. 

Cu., Cts — 10-mufd. mica. Re, R7 — 25 oluns, 1-wat t. 
Cii, C12, C13, C14, CI5 — 0.01 5f,l. MA — 0-300 millianuneter. 

paper. S — S.p.d.t. switch. 
111 — 0.1 megohm, ,1/2-watt. RFC: — 2.5-mh. r.f. choke, 100-ma. 
112 — 50,000 ohms, 2-watt. RFC2 — 1-mh. r.f. choke, 300-ma. 
113 — 500 ohms, 1-watt. (National R300). 
lit — 25,000 ohms, 1-watt. RFC3 — V .h.f. parasitic choke 
Re—  12,000 ohms, 10-watt. (Ohmite Z-1). 

*** — B & W JVL series coils, dimensions as follows: 
1.75 Mc. — 56 turns No. 24. 
3.5 Me. — 40 turns NO. 20. 
7 Me. — 24 turns No. 16. 
14 Me. — 14 turns No. 16. 
14 Mc. (series) — 8 turns No. 16. 

L5 — 1.75- and 3.5- Mc. hands — 20 turns, centertapped, 
No. 24 e., close-wound, wound close to bottom 
of L2 on same form. 

3.5- and 7-Mc. bands — 14 turns, centertapped, 
No. 22 e., close-wound, wound 3/8-inch from 
bottom of L2 on same form. 

7. and 14-Mc. hands — 8 turns, centertapped, No. 
20 e., close-w 1, wound %.inch from bottom 
of L2 on same form. 

1.6, Li-3 turns at center of L3 and L4. 

"All 1%-inch diameter, 2% inches long. Dimen-
sions are approximate for parallel tuning for the band 
indicated. For series tuning, the coil for the next-higher 
frequency band is approximately correct. 
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(I. A Three-Stage 100-Watt 

Transmitter for Five Bands 

The three-stage transmitter 
shown in Figs. 1322, 1324 and 
1325 is designed to use a single 
1000-volt 100-ma. tube such a$ 
the 1623. 809, H Y40, or higher-
voltage tubes at reduced rat-
ings, in the output stage. 

Referring to the circuit dia-
gram of Fig. 1323, a 6L6, oper-
ating at a plate voltage of 400 
but at reduced input, is used in 
the Tri-tet oscillator circuit. A 
potentiometer in the screen cir-
cuit provides a means of vary-
ing the screen voltage and, ulti-
mately, the excitation to the 
final amplifier. The 11Y65 buffer-
doubler circuit is capacitively 
coupled to the oscillator. This 
second stage makes it possible to obtain ex-
citation for the final amplifier in a third band 

a 

•6.5 
• ADO • .00 

• 1114S 

ingls 

Fig. 1322 — All controls for the 100-watt fivediangl transmitter are below 
the chassis level. From left to right, they are the oscillator screen-voltage 
potentiometer, the oscillator plate-tank condenser, the buffer-doubler 
plate-tank condenser, the meter switch and the final-amplifier plate-tank 
condenser. The panel is of standard rack width and is 8% inches high. 

from a single crystal, operation in the second 
band being available by doubling frequency in 

C. 

irt=i 

*23 

Fig. 1323 — Wiring diagram of the three-stage five-band 100-watt transmitter for 1000-volt operation. 

— 100-ppfd. mica. 
C2, C3 — 150-apftl. variable (Na-

tional >VE-150). 
Cg — 100 .pfd. per section, (1.05-

inch spacing (Ilammarlund 
II FBD-100-C). 

Cs, Cs — 0.001-pfd. mica. 
— 100-ppfd. mica. 

Cg — 6-60-ppfd. mica trimmer (two 
National M-30 in parallel). 

Li — 1.75-Me. crystals — 32 turns No. 24 d.s.c., close. 
wound. 

3.5-Mc. crystals — 9 turns No. 22, 1 inch long; 
100-ppfd. mica in form, connected across winding. 
7-Mc. crystals — 6 turns No. 22, .. 8-inch long. 
All on Ilammarlund 1%-inch diameter forms. 

L3,. L3-1.75 Mc. — 56 turns, 1%-inch diameter, 1% 
inches long, 54 ph. (National A1180, no link). 

3.5 Mc. — 28 turns, 1%-inch diameter, 1% inches 
long, 15 ph. (National AR40, no link). 

7 Mc. — 14 turns, 1%-inch diameter, 1% inches 
long, 4.2 ph. (National A1120, no link). 

14 Mc. — 8 turns, 1%-inch diameter, 1% inches 
long, 1.25 ph. ( National ARIO, no link). 

28 Mc. — 4 turns, 1-inch diameter, 3%-inch long, 
0.5 µh. (National AR5, turns close, no link). 
• 

CO 

Cl' 

RI 
112 
Ra 

Rs 

— Neutralizing condenser (Na-
t. al NC 800). 

o — 0.001 ffl., 5000 volts test. 
C112, C13. C14, C15, C16, Cr, Clg, 
CIO, Cao — 0.01.pfd. mica. 

— 0.1 megohm, j'-watt. 
— 300 ohms, 1-watt. 
— 20,000-ohm 10-watt potenti-

ometer (Mallory E2OMP). 
— 25,000 ohms, JO-watt. 
— 50,000 ohms, I-watt. 

Ra — 20,000 ohms, 10-watt. 
1t7 — 10,000 ohms, 10-w att. 
Its, ils, Rio, 1111, R12 — 25 ohms, 

1-watt. 
RFC' — 2.5-mh. r.f. choke. 
RFC:2 — 1-mh., 300-nia. r.f. choke 

(National R-300U). 
S — Double-gang, 5-circuit switch 

(Mallory 3226.D. 
T1,1'2 — Filament transformer, 6.3-

volt, 3 amperes (UTC S-55). 

Lg — 1.75 Mc. — 40 turns No. 18, 2%-inch diameter, 
23/2 inches long, 78 ph. ( B & V. 160 11CL). 
An 80-ppfd. fixed air padder (Cardwell JD-80-
OS) is placed in right-rear corner of chassis and 
attached to coil with flexible leads and clips. 

3.5 Mc. — 32 turns No. 16, 2%-inch diameter, 
2% inches long, 39 ph. (11 & W 80 BCE.). 

7 Mc. — 20 turns No. 14, 2-inch diameter, 2% 
inches long, 12 µh. (B & W 40 BCL). 

14 Mc.— 8 turns No.14,2-inch diameter,2 inches 
long, 2.5 µh. (B & W 20 BCL). One removed 
turn from each end. 

28 Mc. — 4 turns No. 12, 2-inch diameter, 1% 
inches long, 0.7 ph. (B & W 10 BCL). One turn 
removed from each end. 

La — 5 turns No. 14, %-inch diameter, %-inch long. 
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the om•illat or it,If. Parallel plate iced is used 
in the second stage to permit series grid feed to 
the final amplifier, thereby avoiding the proba-
bility of low-frequency parasitic oscillations. 
The neutralized final amplifier is directly 

coupled to the driver stage. Cg and Lg form a 
trap for v.h.f. parasitic oscillations. 
The meter switch, S, shifts the milliammeter 

to read oscillator cathode current, driver 
screen current, driver cathode current, final-
amplifier grid current and final-amplifier cath-
ode current. The individual filament trans-
formers permit independent metering of the 
cathode currents of the last two stages. 
Power supply — This transmitter is de-

signed to operate from the combination 1000-
volt and 400-volt plate supply shown in Fig. 
1327. Both fixed bias of 75 volts for the HY65 
and cut-off bias for the final amplifier may be 
obtained from the unit shown in Fig. 1351. For 
the 1623 tube; resistors R2 and R3 should be 
6000 ohms and 7000 ohms, respectively. 

Fig. 1324 — On top of the 
chassis of the 100-watt 
transmitter, the cathode 
coil, Li, the 6L6 and the 
crystal are in line at the 
right-hand end. The 11Y65 
is mounted horizontally 
on a small panel which 
also provides mounting 
space for the filament and 
screen by-pass condensers, 
the coupling condenser, 
C7, the grid leak, Ri, and 
the grid choke. La 14 just 
to the left of the 6L6 and 
to the right of Ca under-
neath. La is in the center 
at right angles to La and 
L4 and just to the rear of 
C3 underneath. The 1623 
socket is submounted to 
lower the plate terminal. 
The neutralizin g condenser, 
Ce, is directly in front of 
the tube. RFC2 is just to 
the left of L4. The two 
filament transformers are 
mounted on the rear edge. 

Tuning — Cuil tor the desired output fre-
quency, consistent with the crystal frequency, 
should be plugged in the various stages, bear-
ing in mind that frequency may be doubled in 
the plate circuit of the oscillator and again in 
the second stage, if desired. It should also 
be remembered that the selection of the 
cathode coil, LI, depends upon the crystal fre-
quency and not necessarily the output fre-
quency of the oscillator, the same cathode coil 
being used for both fundamental and second-
harmonic output from the crystal stage. Since 
much better efficiencies can be obtained with 
the HY65 operating as a straight amplifier, it 
is advisable to avoid doubling in this stage. 
The first two stages should be tested first, 

with all voltages applied except the plate 
voltage for the final amplifier. Tuning the 
oscillator to resonance, with the key closed, 
should cause a slight dip in cathode current 
accompanied by an abrupt rise in the screen 
and cathode current of the second stage. 

Fig. 1325— Underneath 
the 8 X 17 X 3-inch chas-
sis of the 100-watt trans-
mitter. C2 to the right and 
C3 in the center are insu-
lated from the chassis by 
polystyrene button insu-
lators. C4 to the left also 
is insulated and is spaced 
from the chassis to bring 
all shafts at the same level. 
Leads to the coils imme-
diately above the tank 
condensers pass through 
large grommeted clearance 
boles. Meter-shunt resist-
ances are soldered directly 
to the switch terminals. 
R3 at the right is insulated 
from the chassis by ex-
truded bakelite washers. 
The v.h.f. parasitic trap is 
suspended in the amplifier 
grid lead to the left of C. 
Insulating couplings are 
required for Cz and Ca. 
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Fig. 1326— Circuit diagram of the combination 1000-
and 400-volt power supply for the 100-watt transmitter. 
Ci, C2 — 2.pfd. 1000-volt paper (Mallory TX805). 
C3 — 600-volt electrolytic. (C-I)) 604). 
C4 — 8.5fd. 600-volt electroly tic. (C-Li 608). 
Li, L3 — 5/20-henry swinging choke, 150 ma. (Thordar-

son T-19C39). 
L2, L4— 12-henry smoothing choke, 150 ma. (Thordar-

son T-19C46). 
RI — 20,000 ohms, 75-watt. 
112 — 20,000 ohms, 25-watt. 
Ti — high-voltage transformer, 1075 and 500 volts 

r.m.s. each side, 125- and 150-ma simultaneous 
current rating (Thordarson T-191'57). 

Ti — 2.5 volts, 5 amperes (Thordarson T-19F88). 
T3 — 5 volts, 4 amperes (Thordarson T-63F99). 

Tuning the HY65 plate circuit to resonance 
should produce a good dip in cathode current, 
with a simultaneous reading of maximum grid 
current to the final amplifier. 
The amplifier should then be neutralized 

and tested for parasitic oscillation. The latter 
is done by shifting the final-amplifier plate-
voltage lead to the 400-volt tap and turning 
off the bias supply. No plato voltage should 
be applied to the exciter stage, 
C4 is then varied through its 
entire range for several settings 
of C3. If at any point a change 
in the final-amplifier cathode 
current is observed, Cg should 
be adjusted to eliminate it. 
During this process, plate volt-
age should not be applied long 
enough to cause appreciable 
heating of the tube. 
Normal operating voltages 

may now be replaced and the 
final amplifier tuned up in the 
usual manner. A plate current 
of 100 ma. will indicate normal 
loading of the final amplifier. 
(Plate current will be the differ-
ence between grid and cathode 
currents under operating con-
ditions.) With all stages tuned 
and the amplifier loaded nor-
mally, the oscillator cathode 
current should run between 16 
and 30 ma., HY65 screen cur-
rent between 6 and 11 ma., 
HY65 cathode current be-
tween 45 and 70 ma., HY65 
grid voltage between 125 and 
260 volts, oscillator screen 
voltage between 100 and 250 

,„07, 

• 672 400 

volts, and HY65 screen voltage 
between 210 and 250 volts, exact 
values depending upon whether the 
stage is operating at the funda-
mental or doubling frequency. Ex-
citation should be adjusted to keep 
the amplifier grid current between 

20 and 25 ma., when the grid voltage should 
measure 130 to 150 volts. Power output of 
65 to 75 watts should be obtainable on all 
bands. The oscillator circuit may be arranged 
for optional v.f.o. input as shown in Fig. 1385. 

If the output stage is to be plate-modulated, 
the plate voltage should be reduced to 750. 
Operating data for suitable tubes of other types 
will be found in the tables in the Chapter 
Twenty. 

111. Complete 100-Watt 5-Band Transmitter 

The transmitter of Fig. 1322 may be com-
bined in a standard rack with other units to 
form a complete transmitter. Plate voltage 
for oscillator and driver as well as for the final-
amplifier stage may be obtained from the du-
plex power supply shown in Fig. 1327. Bias 
voltage for both driver and final-amplifier 
stages may be obtained from the combination 
unit shown in Fig. 1351, with fixed bias for the 
HY65 being taken from the VR75-30 branch. 
A suitable antenna tuner is the one shown in 
Fig. 1317. The larger variable condensers 
should be used. The total height of the various 
units combined is 294 inches, allowing a 7-inch 
panel for the bias-supply unit. 

Fig. 1327— This power supply makes use of a combination transformer 
and dual filter system delivering 1000 volts at 125 ma. and 400 volts at 150 
ma., simultaneously. The circuit diagram is given in Fig. 1326. The 1000-
volt bleeder resistor is mounted on the rear edge of the chassis, with a 
protective guard made of a piece of galvanized fencing material to provide 
ventilation. Millen safety terminals are used for the two high-voltage ter-
minals. Ceramic sockets should be used for the 866 Jrs. The chassis meas-
ures 8 X 17 X 3 inches and the standard rack panel is 8% inches bigh. 
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A Two-Stage Medium-Power Beam-

Tube Transmitter 

The simplicit y of the 300-watt transmitter 
shown in Figs. 1328, 1330, and 1331 will appeal 
to many amateurs. As the circuit of Fig. 1329 
shows, a 6L6 Tri-tet oscillator supplies excita-
tion at either the crystal fundamental fre-
quency or its second harmonic for the HK257B 
in the output stage. Since the latter is a screened 
tube, no neutralizing is required. 
The chassis is divided into two sections by a 

metal baffle shield with the oscillator at the 
left-hand end of the chassis and the amplifier 
to the right. The two tuning condensers are 
placed so that their dials are symmetrical on 
the panel. 

Gs 
6 Lk, 

REY .0SC -St 
43-

-BIAS I 5 V.A 

Fig. 1329 — Circuit diagram of the 
Ca, Cs — 0.001-afd. mica. 
C2, Cg — 100-gafd. mica. 
Ca, Cs, C7, C9, CIO, C11, C12, C13 — 0.01-mfd. paper. 
Co — 250-551d. variable (National TMS-250). 

— 100-apfd. variable, 0.085-inch plate spacing 
(National 'I'M Il-100). 

Cis — 0.001-afd. 5000-volt mica. 
Bi — 0.1 megohm, %-watt. 
Ra — 500 ohms, 1-watt. 
113 — 25 ohms, 1-watt. 
— 50,000 ohms, 10-watt. 
— 50 ohms, 1-watt. 

Ils — 25 ohms, 10-watt. 
h FC — 2.5-mh. r.f. choke. 
MA — D.C. milliammeter, 300-ma. scale. 
S — D.P.D.T. toggle switch. 
T1— Filament transformer, 6.3 volts, 2 amperes. 
Ta — Filament transformer, 5 volts, 7.5 amperes. 
La --- For 3.5-Mc. crystals — 10 turns No. 22, 1 inch 

Fig. 1328 - Panel vie% of the two-tube 
medimu-po%er transmitter. The switch 
shifts the meter from one stage to the other. 

Since parallel feed is used in the 
oscillator plate circuit it is not 
necessary to insulate the frame of 
C6 from the chassis. This condenser 
is mounted directly on the chassis. 
The crystal, 6L6 and the cathode-
coil sockets are in line along the 
left-hand edge of the chassis. The 
socket for L2 is directly behind Ca. 
Coils for the oscillator are wound 
on Hammarlund 11/2-inch diameter 
forms. 
On the ot her side of the shield, 

the amplifier tube is submounted 
by cutting a large hole in the chassis and 
spacing the socket on pillars so that it comes 
about 14 inches below. The glass envelope 
should just clear the top of the chassis. A 
spring contact strip is required so that the 
base shell of the tube is grounded to the 
chassis when it is plugged into the socket. 
The plate tank condenser is mounted in an 
inverted position on National type GS-2 
ceramic pillars to bring its shaft up level with 
that of C6. The plate tank coils are wound on 
National type XR-10-A ceramic forms. Since 
the full form length is required for the 3.5-Mc. 
coil, the link winding for this band is pre-
formed and held in place with h6-ineh bakelite 
strips. The link windings for the other bands 
may be wound on the form itself. 

400 4.505 414 V 

tuo-stage medium-power transmitter. 

long, 100-apfd. mica mounted in form connected 
across winding. 

For 7-Nie, crystals — 6 turns No. 22, e4 inch long. 
1.2 — 3.5 and 7 Mc. — 15 turns No. 18 enameled, 7,8 - 

inch long. 
7 and 14 Mc. — 6 turns No. 18 enameled, 7 8 inch 

long. 
Above coils wound on Hammarlund 1%-inch-diame-
ter forms. 

Li— All coils wound on national It - 10-A 2%-inch-
diameter forms. 

3.5 Mc. — 25 turns No. 14 enameled, wound in 
successive grooves. 

7 Mc. — 14 turns No. 12 enameled, wound in 
successive grooves. 

14 Mc. — 6 turns No. 12 enameled, wound in al-
ternate grooves. 

1.4 — Output link winding: 4 turns for 3.5 Me., 3 turns 
for 7 Mc., 2 turns for 14 Mc. (see text). . . 
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Two filantent transfctrai-
ers are required, 6.3 volts 
for the 61.6 and 5 volts fur 
the 11K25713. Room for these 
will be found underneath the 
chassis. By means of the 
d.p.d.t. toggle switch. S, the 
meter may be connected to 
read either oscillator or am-
plifier eat hodc cluTent. 
The 'sell lait ir lining con-

denser, C6, has a suffivient 
capacity range to cover bot ii 
the crystal fundamental fre-
quency and the second harmon•c. When tuning 
to the second harmonic, the plate current will 
show a smoot h dip at result: lice, similar to 
amplifier tuning. At the crystql fundamental, 
however, more care must be used in tuning the 
plate circuit, shire if it is tuned too dose to 
resonance oscillai ion will break off entirely or 
keying will be chirpy. 
The amplifier should be provided with suffi-

cient fixed bias to cut off plate current with 
excitation removed but plate voltage applied. 
The additional bias required for proper oper-
ating conditions, depending upon the screen 
and plate voltages used. may be obtained 
from a grid-leak resistance of suitable value. 

— Fig. 1330— The oscillator and 
amplifier stages of the medium-power 
beam-tuhe transmitter are divided by 
a bailie shield. Oscillator components 
are to the left while the amplifier 
parts are assembled to the right. 

Below — Fig. 1331 — The filament 
transformers for the two-tube medi-
um-power transmitter are mounted 
underneath the chassis along with all 
by-pass condensers and resistors.'I'he 
s•icket for the amplifier tube is 
dropped to bring the glass envelope 
dose to tile top surfa., of the ehassis. 

13, Antenna Tuner for Medium Power 

Thu antenna tuner shown in Fig. 1334 will 
usually be satisfactory for amplifiers operat-
ing at plate voltages not in excess of 1250 volts. 
The two condensers are mounted from the 

panel by means of insulating pillars taken 
from National OS-1 insulators, which are 
fastened to the end plates wit It small sections of 
machine screws from which the heads have 
been cut. The variable link coil is mounted be-
tween the two rear end plates. The size of the 
coil is varied by short-circuiting turns, using 
clips which are attached to thy condensers with 
flexible leads. As shown by the circuit dia-
gram, Fig. 1333, the condensers are connected 

Fig. 1.332 — This power supply unit de-
livers 830, 1060 or 1250 volts at 250 ma. 
The required s  li., ge is selected by taps on 
the seconilar>. Ripple is only 0.25 per cent 
and the regulation is alunit 10 per cent. The 
transformer terminal hoard is covered with 
a panel mounted on pillars at the four cor-
ners. Insulating caps are provided for the 
tube plate termiutals. A Millen safety ter-
minal protects the high-voltage connection. 
The chassis me:a-dares 11 X 17 X 2 inches 
and the pati,1 - ite is 10 1A X 19 inches. 
The circuit i,-tha• -ame as that in Fig. 1350, 
the following coital •nts being used: 
Ca — 2 f, 1. 7,00 volt (Aerovox 
C2 — Ill. 1500 volt (Aerovox Ilyvol). 
Li — lot it choke: 5-25 henrys, 300 ma., 

90 ohms (UTC S34). 
Smoothing choke, 15 lmnrys, 300 

ma., 90 ohms (urc S33). 
t nano Ohms, 100-watt. 
'I j- 1500-1250.1000 volte r.m.s. each 

side, 300 tna. de. (UTC 847). 
T,.2 — 2.5 volts, 10 amperes, 10,000-volt 

insulation (UTC S57). 
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in parallel when the second pair of clips connects 
each rotor to the stator of the opposite con-
denser. The feeders are connected to the two 
large stand-off insulators mounted on the paneL 

Ca 

Fig. 1333 — Circuit diagram of the link-coupled antenna-
tuning unit for use with medium-power transmitters. 
CI, Ca — 100-pall. variable, 0.07-inch spacing (Na-

tional TM C-100). 
— 22 turns No. 14, diameter 2% inches, length 4 

inches (Coto with variable link). 
14 — 4 turns, rotating inside La. 
M — R.f. ammeter, 0-2.5-ampere range for medium-

power transmitters. 

gl A Push-Pull Amplifier for 200 
to 500 Watts Input 

Figs. 1335, 1337 and 1338 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. 
The circuit, shown in Fig. 1336, is quite con-

ventional, with link coupling at both input and 
output. The tuned circuits, L3C6 and L4Cs, 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 eit her grid current or cathode 
current. When shifted to read cat bode current, 
the meter is shunted by a resistor, R2, which 
multiplies the scale reading by five. This 
resistor is wound with No. 26 copper wire, 
the length being determined experimentally to 
give the desired scale multiplication. 
Construction — The mechanical arrange-

ment shown in the photographs results in a 
compact unit requiring a minimum of panel 
space. The tank condenser is mounted on the 

Fig. 1334 — A link-coupled antenna-tuning unit for 
use w ith resonant feed systems and medium-power am-
plifiers. The inductance, with variable link, is n ,,,,, nted 
on the condenser frames. Clips are provided for chan ging 
the number of turns and for switching the • lensers 
from series to parallel. The panel is 5% X 19 inches. 

left-hand partition (Fig. 1337) at a height 
which brings its shaft down 25% inches from the 
top of the panel. The plate tank-coil jack 
bar is mounted centrally with the condenser on 
spacers which give a Y)-inch clearance be-
tween the strip and the partition. Cio is 
mounted with a small angle on the 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 to the 
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 
hacksaw. The socket for the grid tank coil is 
mounted 41.; inches behind the panel, just 
above the chassis line. 

The ' grid tank condenser, C1, is mounted 
tinder the elta.ssis 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 from the tank condensers to the 

Fig. 1335— 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 cir-
cuits, the plate-tank tuning dial, 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. The tube sockets are mounted 
adjacent to the stator terminals of 
the plate-tank condenser, Ci, in the 
center, with the neutralizing conden-
sers between, providing short leads. 
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Fig. 1336 — Circuit diagram of the 450-watt push-pull 

amplifier. 

CI — 100 pfd. per section, 0.03-inch spacing (Ilam-
marlund IIFAD-100-B). 

C2 100 ppfd. per section, 0.07-inch spacing (Ham-
marlund IIFBD-100-E). 

Ca, C4 — Neutralizing condensers (National NC-800). 
Cs, Cs — 3-30-ppfd. mica trimmers (National M-30). 
C7, C9, C9 — 0.01-dd. mica. 
Cie — 0.001-pfd. mica, 7500-volt rating (Aerovox 1653). 
R: — 25 ohms, 1-watt. 
112 — Meter-multiplier resistance for 5-times multi-

plication, wound with No. 26 wire. 
RFC — 1-mh. r.f. choke (National R-154U). 
MA — M illiammeter„ 100-ma. 
1.1 — B & W JCL series, dimensions as follows: 

3.5 Mc. — 44 turns No. 20, 2% inches long. 
7 Me. — 26 turns No. 16, 23/i inches long. 
14 Mc. — 14 turns No. 16, 1% inches long (re-
move 2 turna from B & W coil). 

28 Mc. — 6 turns No. 16, 1% inches long (re-
move 2 turns from B & W coil). 

1.2 B & W TCL series, dimensions as follows: *5 
3.5 Mc. — 26 turns No. 12, 3%-inch diameter, 
4% inches long. 

7 Mc. — 22 turns No. 12, 2%-inch diameter, 
4% inches long. 

14 Mc. — 10 turns No. 12, 2%-inch diameter, 
4,14 inches long, remove one turn from each end. 

28 Mc. — 4 turns 3/8-inch copper tubing, 234 
inch diameter, 4% inches long. Remove one 
turn from each end. 

tube caps. The panel is placed so that the 
plate tank-condenser shaft comes at the center. 
The meter switch is mounted to balance the 
knob controlling C1. 
Power supply and excitation — The T40 

tubes shown in the photographs operate at 
a maximum plate voltage of 1500 for c.w. 
work. For this, the unit shown in Fig. 1349 
is suitable. The supply shown in Fig. 1352, 
minus the VR-tube branch, will provide the 
biasing voltage required for plate-current cut-
off. R2 should have a resistance of 2500 ohms 
and R3 of 1500 ohms. A filament transformer 
delivering 7.5 volts at 5 amperes also will 
be required. The exciters of Figs. 1305 or 1309 
will furnish adequate excitation. 
Tuning — After the amplifier has been neu-

tralized, a test should be made for parasitic 
oscillation. The bias should be reduced until 
the amplifier draws a plate current of about 100 
ma. without excitation. With C1 adjusted to 
various settings, C2 should be varied through 

Fig 1337 — All components of the 450-watt 
push-pull amplifier are assembled around a 
small metal chassis 7 X 2 X 9 inches deep. 
'I'he partitions are standard 6% X 10-inch 
interstage shields. The plate tank condenser 
is mounted on the left-hand partition. '1'he 
plate tank-coil jack-bar is mounted centrally, 
opposite the condenser, on spacers which give 
%-inch clearance between the strip and the 
partition. CHI is mounted with a small angle 
bracket on the partition under the center of 
C2. The socket for the grid tank coil is 
mounted just above the chassis line. Millen 
safety terminals are used for the external 
high-voltage plate and bias connections. 

Ls, L4 4 turns No. 14, %-inch diameter, 
long. 

,í-inch 

• All 1%-inch diameter, 3-turn links. 
** All coils fitted with 2-turn links. 

its range and the plate current watched closely 
for any abrupt change. Any change will indicate 
oscillation, in which case C5 and Cg should 
be adjusted simultaneously in slight steps until 
the oscillation disappears. Unless the wiring 
differs appreciably from the original, complete 
suppression will be obtained with the two con-
densers at full capacity. Changing bands should 
have no effect upon this adjustment. 

With normal bias replaced, the amplifier 
should now be tuned up and the excitation 
adjusted so that a grid current of 60 ma. is ob-
tained with the amplifier fully loaded. Full load-
ing will be indicated when the cathode-current 
meter registers 360 ma., which includes the 
60-ma, grid current. Under these conditions the 
biasing voltage should rise to 150 volts, drop-
ping to about 70 volts without excitation when 
the plate current will fall to almost 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 
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Fig. 1338 — Ii,,i toni vie', of the .150-w ait push-poll amplifier 
showing the grid tank condenser between lite two tube sockets 

current to 250 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. The antenna tuner 
shown in Fig. 1334 or the pi-section network 
of Fig. 1340 may be used. 

Operating conditions for tubes of other char-
acteristics will be found in ( la pt er Twenty. 

c, 
o—H 

Input --a-
C, 

Fig. 1.339 I ha gra n of the pi-seetion antenna coupler. 
300-pmfd. variable, 0.07-inch spacing (Na-

tional TMC-3(t0). 
Ca — 0.01-afd. mica., 5000-volt rating. 
14,14 — 26 turns No. 14,2 !,2-ineh diameter, 33,(2 inches 

long (National XRIOA form wound full). 

41. A Pi-Section Antenna Coupler 

The photograph of Fig. 1340 shows the von-
structional details of a pi-section type antenna 
coupler. The wiring diagram appears in Fig. 
1339. All parts are . mounted directly on the 
panel using fiat head machine 
screws. The condensers each are 
supported on three ceramic pillars 
from National type GS-1 stand-off 
insulators. A 34-inch 6-32 maehine 
screw is inserted in one end of (-Leh 
pillar and turned tight. The head 
of the screw is then cut off with a 
hacksaw and the protruding quar-
ter-inch or so is threaded into the 
mounting holes in the end plate 
of the condener. The shaft is cut 
off about X inclf from the frame 
and fitted with a Johnson rigid 
insulated shaft coupling ( No. 252). 
Since the coupling will extend be-
yond the stand-off insulators, a 
3%-inch clearance hole should be 

cut in the pa n il for each shaft,. Alt (4•-
natively, metal washers could be used 
between the panel and each pillar to 
extend the mounting. 
Each coil form is supported on 1 1z. 

inch cone insulators. The two high-
voltage blocking condensers, C3, also 
are mounted on pillars from 08-1 
stand-offs. A copper clip on a flexible 
lead, connected permanently to one 
end of each coil, permits adjustment 
of the coil inductance by short-cir-
cuiting turns. 
Output eonneet ions are made to the 

two terminal it at the right, 
while input connections are made to 
the terminals of t he two voltage-
blocking condensers. When single-
wire output is desired, the output 
terminal connected to the condenser 
rotors is grounded and the coil in 

that side short-circuited by the clip and lead. 
Under most ciretunstanees t he components 

specified will work satisfact only with trans-
mitters of 400 or 500 wat is input operating at 
plate voltages up to 1500. For higher power, 
the condensers should have greater spacing 
and the coils should be wound with No. 12 or 
larger wire. Couplers for lower power may be 
made using smaller components of equal values. 

41 Complete 300- to 400-Watt Compact 
Plug-In Coil Transmitter 

The vi,nipaet exviter and amplifier units of 
Figs. 1305 and 1335 may be combined as a 
complete transmitter. Plate and filament sup-
ply for the exciter may be obtained from the 
unit of Fig. 1316. Plate voltage for the am-
plifier may be obtained either from the unit 
of Fig. 1332 or that of Fig. 1349. A 7.5-volt 
5-ampere filament transformer may be com-
bined on a 5X-inch panel with the unit of Fig. 
1351 (minus the VR75-30 branch), which will 
furnish bias for the amplifier. A 45-volt " B" 
battery will be required for biasing the 807. 

Suitable antenna tuners are those of Figs. 
1334, 1353 or 1340. The height of all units, in-
cluding a 5X-inch meter panel is 49 inches. 

Fig. 1.340 — Pi-semion type antenna coupler. All parts are moonted 
on a Presdwood panel 8 X 19 inches. The circuit is given in Fig. 1339. 



Transmitter Construction 275 
EJ A Compact 450-Watt Push-Pull 

Amplifier 

The photographs of Figs. 1342, 1343 and 
1344 show an amplifier designed along the 
lines of the type of construction often referred 
to as " dish type." This type 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 

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 
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Fig. 1341 — Crcuit diagram of the "dish type" push-
pull 450-watt amplifier. 

— 100 ggfd. per section (Ilammarlund MCDIOOM ). 
C2 — 100 mdd. per section (Cardwell AIT10061), 

0.07-inch spacing. 
C3, C4 — Neutralizing condenser, 10 to 15 ggfd. (Ham-

marlund N10). 
CO, Cs — 500-gpfd. 600-volt mica. 
C7, Cs, CO, CIO — 0.01-pfd. 600-volt paper. 
CI: — 0.002-gfd. 5000-volt mica. 
RI, 112 — 6000 ohms, 10-watt. 
Rs, 114. Ht — 25 to 50 ohms, 2-watt. 
Rs, R7, RO — Cathode-current meter shunts (see text). 
S — 2-gang, 6-position rotary switch (Mallory). 
Ti, T2 — 6.3 volts, 6 amperes. 
Li — National AR series coils with center link ( variable. 

link type recommended). 

Substitute coils may be wound on l3-inch diameter 
forms as follows: 

3.5 Mc. — 44 turns, 2 inches long. 
7 Mc. — 22 turns, 2 inches long. 

14 Mc. — 10 turns, 14 inches long. 
28 Mc. — 6 turns, 1h inches long. 

L2 — Barker and Williamson TL series with center links. 
Substitute coils may be wound as follows on 2h-inch 

diameter forms: 
3.5 Mc. — 36 turns, 4 inches long. 
7 Me.— 18 turns, 4 inches long. 

14 Me.— 10 turns, 3 inches long. 
28 Mc. — 6 turns, 3 inches long. 

Fig. 1342 — The three controls of the 450-watt "dish 
type" amplifier are arranged synunetrically. 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 8U 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. 

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 spare is at a premium. 
The circuit of the amplifier shown in the dia-

gram of Fig. 1341 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 mea.sure 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-
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 tua. 

In doing the r.f. wiring, care should be taken 
to keep it as symmetrical as possible. In form-
ing the long wires between 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 
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Fig. 1343 — The grid-circuit components of the -dish-type- 47,0-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 %, lien the shield between 
the stators is removed. 1'he ceramic terminal strip is for all external 
connections 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, should be provided with a flexible insulating coupling. 

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 the grid terminals are crossed over before 
they pass through small feed-through points 
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 grid leaks. Filament wires are 
run through 3/8-inch holes lined with rubber 
grommets. 

Inside the chassis, the leaks and meter-
shunting resistances are supported on fibre 
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 

Fig. 1344 — The plate tank-coil jack 
strip of the 450-watt push-pull amplifier 
is fastened to the tank-condenser frame 
with strip-metal brackets. The assembly, 
mounted on /8-inch stand-off insulators 
is placed at the center of the chassis 
as far to the left as possible. The con-
denser shaft is extended at right angles 
through the bearing in the center of the 
chassis by means of two Millen 45-degree 
shaft joints connected together by a short 
length of hakelite shafting. The sockets 
for the tubes are submounted on the 
6 X 8-inch partition 3%¡ inches up from 
the chassis and 1.31'e inch from each edge 
and are orientated so that the plates of 
the tubes will be in a vertical plane. 

the panel as the last operation be-
fore putting the panel in place. 

If the layout and wiring have 
been followed carefully, no difficul-
ties should be encountered in 
neutralizing nor with parasitics. 
Both grid and plate currents 
should check the same within ten 
per cent. 
The meter when switched to 

read grid current forms a good 
neutralizing indicator. Both neu-
tralizing condensers should be 
kept at equal settings and adjusted 
simultaneously until the grid cur-
rent remains perfectly steady as 
the plate tank condenser is tuned 
through resonance. Neutralizing is 
always done with plate voltage 
removed. 
The amplifier requires a driver 

delivering 25 to 40 watts. If the 
amplifier is to be protected with 
fixed bias against failure of excit a-
tion, the grid-leak resistance of 
each tube should be adjusted so 
the total grid voltage under oper-
ating conditions will be not less 

than 125 volts without exceeding the maximum 
grid-current rating of 25 ma. per tube when 
the amplifier is loadei I to rated plate current. 

C. A 450-Watt Band-Switching Amplifier 

The photographs of Figs. 1315, 1317, and 
1348 illustrate a 450-watt push-pull band-
switching amplifier capable of handling a 
power input of 450 watts at 1500 volts for c.w. 
operation or 375 watts with plate modulation. 
While the type T55 is shown, any of the com-
parable triodes in the 1000- or 1500-volt class, 
such as the 809, T40, HY40, RK35, 151-150, 808, 
812, RK51 or 35T, may be used in a similar 
arrangement. 
The circuit is shown in Fig. 1346. Band-

switching is accomplished by short-circuiting 
turns of both plate and grid coils by means of 
tap switches. Any three adjacent bands may 
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be covered in this manner. 
By plugging in another pair 
of coils, a second set of three 
adjacent bands may be cov-
ered. Thus the • 3.5-, 7- and 
14-Mc, bands may be cov-
ered with one pair, and 7-, 
14- and 28-Mc, bands with 
another pair. C9L3 and CI,L 1 
are parasitic traps to elimi-
nate v.h.f. parasitic oscilla-
tions. Fixed-link coupling is 
used at the input, with 
variable-link output coupling. 

Coils — The plate-tan k 
coils listed under the circuit 
diagram are of a special 
series designed primarily for 
use with a multisection 
tank condenser. They are 
provided with four extra 
plugs which are used, in this 
case, for the short-circuiting 
taps. The coil covering 7, 14 
and 28 Mc. requires slight 
alteration, however. Two 
turns on each side of center are cut free from 
the supporting strips and left self-supporting; 
otherwise, the coil heating which usually oc-
curs at 28 Mc. may be sufficient to ruin the 
base strip. At the same time, these two turns 
on each side should be reduced in diameter 
to 17/8 inches. This may be done quite readily 
by unsoldering the central ends, twisting the 
turns to the smaller diameter, and cutting off 
the excess wire. While the lower-frequency taps 
may be soldered, it is advisable to use clamps 
on the wire for the 28-Mc. taps. Johnson coil 
clips are suitable for this purpose. 

Grid coils with sufficient mounting pins be-
ing unobtainable the taps for the grid coils 
are brought out to a five-prong Millen coil-
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Fig. 1346 — Circuit diagram of the 450-watt amplifier. 
Ci — 100 pmfd. per section, 0.07-inch plate spacing 

(Hammarlund HFBD-100-E). 
Ci — 0.001-pfd. 7500-volt mica (Aerovox 1623). 
Ca, C4 0.01-pfd. paper. 
C6. C6 — Neutralizing condenser ( National NC800). 
C7, CS - ISOlantite mica trimmer, 20-100 µad. (Mal-

lory CTX 954). 
C9 150 pgfd., 0.05-inch plate spacing (Hammarlund 

11111-150-C). 
— 0.01-pfd. paper. 

RFC1— 1-mh. r.f. choke, ono ma. ( National R154). 

Fig. 1345 — A 450-watt band-switching amplifier. The panel size is 10h X 19 
inches. The large dials on the panel control the plate and grid tank condensers. 
The uppermost of the two small knobs to the left is for adjusting the variable-
link output coupling, while the lower knob is for the plate band-switch. The 
grid band-switch knob is to the right. All controls should be well insulated. 

mounting bar (Type 40205). A plug-in socket 
for the bar is sub-mounted in back of the coil 
socket. 

Wiring — All of the wiring, except for the 
power wiring underneath the chassis, is done 
with No. 14 tinned bus wire. Wherever pos-
sible, connections are made with short, straight 
pieces of wire running directly from point to 
point. Of most importance are the leads to the 
tube grids and plates. The leads to the tank 
condensers and those to the neutralizing con-
densers must be kept entirely separate; at no 
point should these leads be common. This 
practice helps in the prevention of parasitic 
oscillations. The grid by-pass condenser is 
mounted close to the grid-coil socket. 

S1 — Ganged sections of Ohmite BC-3 band-change 
switch. 

Si — Ganged sections of Mallory 162C liamband 
switch. 

Ts — 7.5-volt 6-ampere filament transformer (Tborders 
son T-19F94). 

Lx — For 3.3-, 7- and 11-Mc. bands — 38 turns No. 
14, 51,¡ inches long, 2 34-inch diameter, tapped 
at the 4th and 9th turn each sidr of center 
(B & W TVII-80 35 ph., tapped each side of 
center at 2/19 and 9/38 of the total turns in 
each half). 

For 7-, 14- and 28-Mc. bands — 24 turns No. 
12, 5h inches long, 2h-inch diameter, tapped 
at 2nd and 5th turns each side of center (see 
text for alterations) (B & W TVH40) 13 ph., 
tapped each side of center at approximately 
34. and 1/534 of the total turns in catch half. 

La— For 3.5-, 7- and 14-Mc. bands — 26 turns, 134 
inches long, 1M-inch diameter, tapped at 5th 
and 9th turns from each side of center. (Coto 
CS80C) (17 µh., tapped each side of center at 
5/13 and 9/13 of the total turns in each half). 

For 7-, 14- and 28-Mc. bands — lb turns 134 
inches long, 134-inch diameter, tapped at 1st 
and 3rd turns each side of center. (Coto CS40C) 
(S ph., tapped each side of center at 34 and .3.4 
of the total turns in each half). 

1.3, 11.4 — 8 turns No. 12, 34-inch inside diameter, lh 
inches long. 
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Fig. 13.17—A view of the grid-circuit end of the band-switching push-pull ampli 
lier, showing the coil-switching arrangement and the grid-coil-socket support 

Fig. 1346 shows how d.c. milliammeters of 
suitable ranges may be connected for reading 
the grid and plate currents. These are not in-
cluded in the unit, but may be mounted in a 
separate meter panel constructed as shown in 
Fig. 1395. The grid-current meter should have a 
100 ma. scale, while the plate-current meter 
should have a range of 500 ma. 
Timing — Any one of t he r.f. units shown 

in Figs. 1305, 1309 or 1322 will furnish suffi-
cient excitation for this ;mg di fier, the band-
switching exciter of Fig. 1309 being recom-
mended as an excellent companion unit. 

Before excitation is applied, the two para-
sitic-trap condensers, and C10, should be set 
at maximum capacity. With excitation applied 
and plate voltage off, grid current to the ampli-
fier stage should run but ween 60 and 90 ma. 

Fig. 1318— Rear view of the -1;0-
watt amplifier. The plate tank - 
end jack. bar at the right 
mounted on bracket, 27, inch,- 
high so that the v ria 
shaft will clear the switchc, The-, 
are mouette,' on hinch 
lators after their leracket, tirs r 
been revamped to bring the › haft: 
I 1/2  inches alpin... the chassis. Th•• 
units are spart,' ,,r as to be cen-
tral witlb the jack-bar terminal.. 
'I'he shafts are coupled with a 
section of N-inch bakelite shaft 
fitted with brass reducing rots-
plings at each end. The tank 
condenser is mounted on I - 
inch cone insulators. 'I'he plate r. I. 
choke and a feed-through insula-
tor for high-voltage line are placed 
beneath the jack bar. The grid 
switch is mounted on insulators 
to balance the plate switch. 'l'In-
grid coil mounting is elevated 
directly over the switch. The tubes 
and the two neutralizing con-
densera are placed symmetrically 
between the two tank circuits 

As the next step the am-
plifier should be neutralized, 
using the grid-current meter 
as a neuf ralizat ion indicator. 
To test the amplifier for 
parasitic oscillation, the bias 
should be reduced to a point 
which will allow a plate cur-
rent of 100 ma. or so to flow 
without excitation. This 
may be done by moving the 
biasing tap of the amplifier 
down toward the positive 
terminal of the bias supply. 
It. is advisable to lower the 
plate vt dia ge feu. 1 his test, 
vit her by inserting a resist-
ance of about. 2500 ohms in 
series wit h the plate-voltage 
sour ce or by inserting a 200- 
watt lamp in series with the 
primary winding of the plate 
transformer. The grid tank 
condensers shoulti be set at 
variotis points w hile the 

plate tank condenser is swung through its 
range. The plate current should remain per-
fectly stationary while this is done. If a point 
is found where a sudden change in plate cur-
rent takes place, C, and Cui should be adjusted, 
bit by bit, until the variation in plate current 
disappears. C9 and Cio should be as close to 
maximum capacity as it is possible to set them 
and yet eliminate the parasitic oscillation. 
Normal biasing voltage may now be re-

placed and the amplifier tuned tip and loaded. 
For c.w. operation, the output should exceed 
300 watts when operated at the maximum 
rated input of 1500 volts, 300 ma. With plate 
modulation, the plate current should be re-
duced to 250 ma. and t he output should exceed 
250 watts. The amplifier will operate satis-
fart only wit h a grid current of 40 to 70 ma. 
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Fig. 1349 — This power supply delivers 1500 
or 1250 volts at a full-load current of 425 
ma., with 0.25 per cent ripple and regulat• 
of 10 per cent. Voltages are selected by taps 
on the transformer secondary. The second-
ary terminal hoard is covered with a section 
of steel panel supported by brackets fastened 
underneath the core clamps and insulating 
caps are provided for the tube plate termi-
nals. A special safety terminal (Millen) is 
used for the positive high-voltage connec-
tion. 'Fhe panel is 10 !2 X 19 inches and the 
chassis size is 13 X 17 X 2 inches. The cir-
cuit for this supply is shown in Fig. 1350. 

Reference should be made to the 
vacuum-tube tables in Chapter Twenty 
for data on the operation of other 
types of tubes. 

14 A Simple Combination Bias 
Supply 

Fig. 1352 shows t he circuit diagra tu 
of the simple transformerless bias 
unit, pictured in Fig. 1351, which 
may be used to supply cut-off bias 
voltages up to 100 volts or so. Through grid-
ieak action it will also provide the additional 
operating bias voltage required, if the resistor 
values are correctly proportioned. The cir-
cuit also includes a second branch, consisting 
of R1 and a VR75-30 voltage-regulator tube, 
supplying regulated voltage. This branch may 
not be required in all cases, but will be found 
convenient in many applications for providing 
fixed cut-off or protective bias for a low-power 
stage independent of the main output voltage. 

iSx.a.0 

Fg. 1350 — Circuit diagram of the 1500-volt 12 --ma. 
plate power supply for the band-switching amplifier. 
C , C2 — 4.5f1. 2000-volt paper (C-I4 TJ1 20010). 
L — 5-20 henrys, 500 ma., 75 ohms (Stancor (: 1405). 
L2-8 henrys, 500 nia., 75 ohms (Stancor C1415). 
R — 20,000 ohms, 150-watt. 
Tri — 1820-1520 volts r.m.s. each side of center-tap, 

500 ma. d.c. (Stancor ty pe 1'6157). 
Tr2 — 2.5 volts, 10 amperes." 10,000-volt insulation 

(Stancor type 1'3025). 
This circuit is also used for the 1250-volt supply slmun 
in Fig. 1332 and the 2500-volt supply shown in Fig. I . 0. 

Adjustment — The voltage-divider resist-
ances, R2 and R3, are combined in a single 
resistor with two sliding taps. One of these taps 
alters the total resistance by short-circuiting a 
portion of the resistance at the negative end, 
while the other adjusts the cut-off voltage. 
The method of determining the values of re-
sistance in each section is as follows: 
The bias section, R3, is adjusted to equal the 

recommended grid-leak resistance for the tube 
or tubes in use. The value of resistance between 

the biasing tap and the short-circuiting tap is 
determined by the following formula: 

160 —  
R3  X R2, 

ECU. 

where E, is the voltage required for plate-
current eut-off. This value may be determined 
to a close approximation for triodes by dividing 
the plate voltage by the amplification factor of 
the tube. No supplementary grid-leak bias 
should be used in the stage being supplied by 
the pack. 
The resistance in each section should be first 

set at the values determined by the formula. 
'1'lle biased amplif.er should then le turned on, 
without excitation. If the pl:ttc current is not 

Fig 1351 — A transforrnerless combination bias sim-
ply suitable for supplying bias for r.f, stages requiring 
125 volts or less for cut off. A second branch, controlled 
by a V1175-30 regulator tithe, provides 75 volts fixed bias 
for a second stage whose grid current does not exceed 
20 ma. The unit above is constructed a 7 X 7-inch 
chassis, although the components may easily be fitted 
into any spare space on another power-supply chassis. 
The regulated YR-tube branch may be omitted if not 
required. 'I'he circuit diagram is shown in Fig. 1352. 
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Fig. 1352 — Circuit diagram of the transformerless bias 
supply with voltage-regulated output shown in Fig. 1351. 

C2 — 16-µfd. 450-volt electrolytic. 
L — 60-ma, replacement filter choke. 
Hi - 7500 ohms, 10-watt. 
R2 ± R3 - 15,000-ohm 50-watt wire-wound resistor, 

with two sliders. 
See text for details of adjustment and operation. 

almost completely cut off, or at least reduced 
to a safe value, the biasing tap should be moved 
upward (in the negative direction). With the 
amplifier in operation and drawing rated grid 
current, the biasing voltage should be meas-
ured, using a high-resistance voltmeter. If the 
grid voltage is higher than that recommended 
in the tube operating tables, both the biasing 
tap and the short-circuiting tap on the up-
per section should be moved, bit by bit, to-
ward the positive end until the correct operat-
ing bias is obtained. The bias voltage should 
then be measured again. A final adjustment 
may be necessary to again arrive at cut-off 
voltage without excitation. 

Fig. 1351 shows the components assembled 
separately on a small chassis. They may, how-
ever, be combined with plate-supply compo-
nents on a single chassis, since little additional 
space will be required. 

It will be noticed in the circuit diagram that 
only one wire is shown connected to the power 
plug. The return connection for circuit is made 
through an actual ground connection to the 
chassis, to prevent possible short-circuit of the 
115-volt line should the power plug happen to 
be incorrectly polarized when inserted. 

(1. A Wide-Range Antenna Coupler 

The photograph of Fig. 1353 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 these various circuit com-

binations possible with this arrangement are 
given in Fig. 1354. 
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 
with high or low C, are automatically made 
when the coil is plugged in. Coil connections 
to the pins for various circuit arrangéments are 
shown in Fig. 1354. 
The tuning condenser specified, together 

with a set of standard plug-in transmitting 
coils, should cover practically all coupling 
conditions 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 
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-
top 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 operating at a plate voltage of up 
to 1500 with modulation and somewhat more on 
c.w. For appreciably higher voltages, a tank con-
denser with larger plate spacing should be used. 

IQ Complete 450-Watt Band-Switching 
Transmitter 

The various units shown in Figs. 1309, 
1314-B, 1316, and 1345 through 1354, assem-
bled together, form a complete high-power 
push-pull band-switching transmitter for any 
three adjacent bands selected. 

Fig. 1353 — Wide-range antenna coupler. 
The unit is assembled on a metal chassis 
measuring 10 X 17 X 2 inches, with a panel 
834 X 19 inches in size. The variable con-
denser is a split-stator unit having a capacity 
of 200 pad. per section and 0.07-inch plate 
spacing (Johnson 200ED30). The plug-in 
coils are the B & W TV L series. The r.f. am-
meter has a 4-ampere scale. If desired, the 
coils may be wound with fixed links on stand-
ard transmitting ceramic forms. The links 
will have to be provided with flexible leads 
which can be plugged into a pair of jack-top 
insulators mounted near the coil jack strip, 
unless a special mounting is made providing 
for the seven plug-in connections required. 
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Fig. 1354 — Circuit diagram of the wide-
range antenna coupler for use with the 
band-switching amplifier. A — Parallel 
tuning, low C. B — Parallel tuning, high 
C. C — Series tuning, low C. D — Series 
tuning, high C. E — Parallel tank, low. 
impedance output, low C. F — Parallel 
tank, low-impedance output, high C. For 
single-wire matched-impedance feeders, 
the arrangements of E or F would he used 
with a single tap instead of the double tap 
shown. For simple voltage-fed antennas. 
the arrangement of A would be used with 
the end of the antenna connected at "X." 
After the inductance required for each of 
the various hands has been determined ex-
perimentally, the connections to the coils 
can be made permanent. Then it will be 
necessary merely to plug in the right coil 
for each band, tune the condenser for 
resonance, and adjust the link for loading. 

Feedes 

(A) 
Feeders 

(C) 
Feedec 

(E) (F) 

Heater, low-voltage plate and the 807 screen-
voltage supply for the exciter may be obtained 
from the simplified 250-volt pack of Fig. 
1314-B, while plate voltage for the 807 is fur-
nished by the unit of Fig. 1316. Bias voltages 
for both amplifier and exciter are obtainable 
from the unit of Fig. 1351, while amplifier 
plate voltage is furnished by the unit of Fig. 
1349. The units of Figs. 1314-B and 1351 may 
be combined in a single unit with a 7-inch 
panel. The addition of a 5k-inch panel for the 
amplifier grid and plate meters and the antenna 
tuner of Fig. 1353 completes the transmitter. 

L, 

H8 257-8 

C, 

f9± 

Cs' 
C. re 

Ca 

Cs 

c, 

alas • SC •SUP 444.4 

L, 

Fig. 1355 — Circuit of the single-tube pentode amplifier 
C1 — 150-ppfd. variable (National TMS-150). 
C2, CS, C4, Cs, Cs 0.01-pfd. paper. 
C2 — 65-ppfd. variable, 0.2-inch spacing (Cardwell 

XC-65-XS). 
Cs — 0.001-pfd. 5000-volt mica. 
T — Filament transformer, 5 volts, 7.5 amperes. 
1.1 — 3.5 Mc. — 36 turns No. 22 enameled, close-wound. 

7 Mc. — 21 turns No. 20 enameled, 1% inches 
long. 

14 Me. — 17 turns No. 18 enameled, 1% inches 
long. 

28 Mc. — 11 turns No. 18 enameled, 1% inches 
long, self-supporting. 

Above coils wound on Millen 1-inch-diameter forms, 
mounted in National PB10 shields. 

1.2 — Input link winding, wound over ground CM! of 
Li; 5 turns for 3.5 Mc., 3 turns for 7 and 11 Mc., 
2 turns for 28 Mc. 

1.3 — Barker and Williamson BXI. series. If substitute 
coils are used, they should have the follo%ing 
approximate values of inductance: 3.5 Mc., — 
35 ph.; 7 Mc. — 13 ph.; 14 Mc. — 5 ph.; 28 
Mc. — 1.25 ph. 

1.4 — Output link winding — Same number of turns as 
for L2, wound at ground end of L3. 

Final 
Tank 

Final 
Tank 

Feeders 

Feeders 

Feeders 
(D) 

Final 
Tank 

Final 
Tank 

Final 
e__ Tank 

The most logical arrangement for the units, 
from top to bottom, is as follows: ( 1) antenna 
tuner, (2) final amplifier, (3) meter panel, (4) 
exciter, (5) low-voltage and bias supplies, (6) 
750-volt power supply, (7) high-voltage power 
supply. The combined height of all of these 
units will be 59 3x2 inches. 

Information on a suitable control circuit for 
such a transmitter will be found on pages 303-304. 

«I A Single-Tube Medium-Power 

Pentode Amplifier 

A 200- to 300-watt single-tube amplifier is 
shown in the photographs of Figs. 1356, 1357 
and 1358. The tube is a Heintz and Kaufman 
type 257B, a beam pentode which may be op-
erated at power inputs up to 300 watts for c.w. 
operation or up to 240 watts with plate and 
screen modulation. 
The circuit is shown in the diagram of Fig. 

1355. Link coupling is provided for both input 
and output. The amplifier requires a driving 
power of only a few watts. 
The grid and plate tuning condensers are 

placed with their dials symmetrical on the 
panel. Grid tank-circuit components occupy 
the left-hanii half of Il e Thy tuning 

Fig. 1356 — The panel of the single-tube pentode 
amplifier is 11:1•¡ inches high and of standard rack 
width, % line the chassis measures 8 X 17 X 3 inches, 
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- - Rear of tlàe single-tube pentode am-
plifier, showing the ' ,late tank-circuit components to the 
left and those for the grid tank circuit to the right. The 
chassis is supported from the panel by means of triangu-
lar panel brackets. Power-su pply terminals are at the rear. 

condenser, C2, is insulated front the chassis 
by mounting it on ceramic button-type feed-
through insulators. The lower insulator shown 
in Fig. 1358 is used for making the connection 
between the stator of CI and the coil-socket 
terminal underneath. The coils are mounted 
in National PB10 shielded plug-in units with 
the socket submounted directly behind the 
tuning condenser. The tube socket also is sub-
mounted and a contact strip fastened to the 
chassis is required to ground the base shell of 
the tube to which all internal shielding is con-
nected. 
The plate tank-circuit components are to the 

right. Both condenser and coil-mounting strips 
are supported on 1 ceramic cone stand-
off insulators. The by-pass eondenser, Cs, is 
fastened between the rear st at or plate of the 
tank condenser and the chassis. A high-volt-

Fig. 1359 — Circuit of the 500-watt input amplifier. 
Ct — 250-55fd. variable, 0.047-incli spacing (National 

TM K-250). 
Cg — 100 551d. per section, 0.171-inch spacing ( Na-

tional TM A-100-1)A). 
Cs — Neutralizing condenser ( National NC-800). 
C4 — Iligh-voltage insulating condenser. 11.00 I -5fd. 

mica, 12,500-volt rating (Cornell-I )ribilier 21A-
86). 

Ca, C6, C7 — 0.01-5fd. mica. 
RFC — 1-mit. r.f. choke, 300 ma. (National R-300U 

mounted on GS-1 insulator). 
MAI — Grid millia llllll eter, 100 ma. 
MA2— Plate milliammeter, 300 ma. 
T— Filament transformer — 5 volts, 8 amperes. 

(Thordarson 'I'.)') 184). 
Li — 3.5 Mc. — 26 turn, No. 16, I :2-inch diameter, 

2% inches long. 3- turn link 01 A N1 JCL-40). 
7 Mc. — 16 turns N. 11,, diameter, 1% 

inches long, 3-turn link tlt A Vs JCL-20). 
14 Mc. — 8 turns No. In, t ' 2-inelt diameter, 

1.7/é inches long, 3-turn link It NN J( : I.-10). 
28 Nie. — 6 turns No. It,. 11,-inch diameter, 
1 inches long, 2-turn link ( B.& NN JCL- 10, 1 
turn removed from each end l. 

1.7 — 3.5 Me. -- 26 turns No. 12. 3 1/2 -ineh diameter, 

age insulating shaft coupling is necessary. The 
suppressor and screen of this tube each is pro-
vided with two leads to separate pins. The 
two pins in each case should be connected to-
gether and by-passed close to the socket. 

Power-supply and r.f. input and output con-
nections are made at the rear. A filament trans-
former is included in the unit. 
A fixed screen voltage, which may be taken 

front the exciter plate supply in most instances, 
is advisable. Suppressor voltage may be taken 
from a tap on a voltage divider connected 
across this supply. Sufficient fixed bias to cut 
off plate current wit lunit excitation should be 
provided. The additional bias necessary for 
proper operation may be obtained by a grid-
leak resistance of suitable size. Maximum plate-
voltage ratings are 2000 for c.w. or 1800 for 
'phone. The amplifier may be loaded until the 
plate current rises to 150 ma. or 135 ma., re-
spectively for each type of service. 

Fig. 13.58 lit turn, it`W of the pentode amplifier. 

11, A Single-Tube 500-Watt Amplifier 

A single-ttibe amplifier which may be oper-
ated at inputs up to 500 watts at voltages as 
high as 3000 is shown in Figs. 1360, 1361 and 
1362. The circuit, shown in Fig. 1359. is ›trict ly 
conventional, with link coupling for both input 

4Veineltes long, 2- turn link (B & W TCL-80). 
7 Mc. — 22 turns No. 12, 2 ¡2-incli diameter, 
4 jg'-inclies long, 2- turn link (It & W TC1.--10). 

14 Me. — 12 turns No. 12, 2 ••'2"-inch diameter, 
4%-inches long, 2- turn link (B & vyrcl.-20). 

28 mc.— b turns -indu copper tubing, 232-inch 
diameter, 4.1,1¡ inches long, 2-turn link ( B & W 
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and out luit eirenits. While a Type 
100TH tube is shown in the photo-
graphs, almost fitly other tube of simi-
lar physical size and shape which is 
designed to operate at plate voltages 
of 3000 or less may be used in a similar 
circuit arrangement. 

Pourer supply and tuning — The 
plate power supply shown in Fig. 1370 
may be used with this unit. Bias may 
be obtained front the unit shown in 
Fig. 1351. For this purpose, the 
H.75-30 branch may be omitted and 

a single resistor of 5000 oh ins con-
nected : lea ,ss the output of the pack, 
with the bias lead connected to the 
extreme negative end of the resistor. 

'rite transmitter shown in Fig. 1322 
should provide sufficient excitation. 
Fig. 1359 shim-, milliammeters con-
nected in grid ancl plate leads. These 
meters are not included in the unit. They 
should be nunmted on a separate well-insulated 
panel protected with a glass cover (see Fig. 
1394). 
An amplifier operating at high voltage 

should always, after neutralizing, be tuned up 
at reduced plate voltage. This inay be obtained 
by conmull ng a lamp bulb in series with the 
primary of the plate transformer. Coupling 
between t he exciter and the amplifier should 
be adjusted so that the grid current does not 
exceed 40 to 50 ma, with the amplifier tuned 
and loaded to the rated plate current of 167 
nia. Power output of 225 to 300 wat ts should 
be obtainable on all bands at plate voltages 
from 2000 to 3000. 
The tube tables in Chapter Twenty should 

be consulted for data on the operation of other 
tubes suitable for use in titis amplifier. 

Fig. 1360 — A sin gle-inhe high-power amplifier for high-voltage 
inputs up to 500 watts. The , tuntkird rack panel is 12% inches high. 

(I, A High-Power Push-Pull Tetrode 

Amplifier 

A push-pull amplifier using Eimac type 
4-I25A tetrodes is shown in Figs. 1363, and 
1365. It will handle a power input of 700 to 800 
watts at a plate voltage of 2000. Driver-power 
requirements are very small, 2 watts or so be-
ing sufficient for efficient operation. Tut,. cir-
cuit diagram is shown in Fig. 1364. Adjust-
ment is simplified because no neutralizing is 
required at the frequencies for which the unit 
is designed. 

Construction is simple and straightforward. 
The grid tank circuit, is at the left, with the 
coil in the shielded plug-in unit. The variable 
condenser, CI, is fastened directly to the 
chassis. Small baffle shields of sheet metal are 
placed between each tube and the nearest end 

Fig. 1361 — Bear view of the 
high-power single-tube am-
plifier. 'Ile tun tank con-
(1.•11•.ers are mounted, one 
al,,,.• the other, in the center 
of II, panel by means of iste-
Lostit.• ',Velars Ir  statid-off 
iii-olators. Four National ty pe 
GS-2 insulators are used to 
',import the plate tuning eon. 
ut  it hile three type GS-I 
ncoilaiors are used for the 
grid Inning condenser. Insu-
lated flexible couplings anti 
panel levarings are used on 
each shaft to insulate the con-
inels. One of high break-down 
voltage rating st Id be used 
for the plate c tenser, anti 
the panel bearings must be 
grounded! The socket for the 
grid t auk coil is mounted, us-
ing insulated spacers and a 
small metal plate as a base, on 
t rear end plate of Ci• Metal 
strips. fillStelleil to the end 
plate, support the input 'link 
terminal strip. 'I'he insulating 
ley- pass condenser, Cu, is 

unsuited just to the right of C2. 
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Fig. 1362 — Bottom view 
of the single-tube 500-watt 
amplifier. In the lower 
right-hand corner of the 
panel is fastened a chassis 
91AX 5 X 1 IA inches, on 
u hieh are mounted, in line, 
the filament transformer, 
the tube socket and the 
neutralizing condenser. A 
chassis of similar size to 
the left supports the plate 
tank coil and the output-
link terminals. A large feed-
through insulator in the 
rear edge of this chassis 
serves as the high-voltage 
terminal. In wiring the 
amplifier unit, the impor-
tance of well-spaced leads 
carrying high voltage can-
not be stressed too greatly. 
It must he remembered 
that the arcing distances 
and break-down capabili-
ties of voltages as high as 
3000 are considerably 
greater than u ith the lower 
plate voltages more com-
monly used by amateurs. 

of the grid tuning condenser to eliminate ca-
pacitive feed-back from plat e to grid. Leads 
between the tank condenser and coil pass 
through half-inch clearance holes in the chassis. 
The plate t an k-ci re ui t components occupy t he 
remainder of the chassis. The condenser is 
mounted on 1%-inch ceramic stand-off in-
sulators, while those supporting the coil jack 
strip are 1 inch high. In the rear-view photo-
graph the high-voltage insulating condenser, 
C7, may be seen fastened between the variable-
condenser frame and the chassis. The control 
shaft of the plate tank condenser must be fitted 
with a good high-voltage insulating coupling. 

The grid tank condenser and the plate tank-
coil mounting are placed so that their controls 
are symmetrical on the panel. Power-supply 
connections are made at the rear. The filament 
transformer, plate-circuit r.f. choke and fila-

Fig. 1363 — The panel of the high-power push-pull tetrode ampli-
fier is 10¡¡ inches high and of standard 19-inch rack width. The 
3-inch chassis is 13 inches deep and 17 inches wide. The sockets for 
the shielded grid coil and the tubes are mounted under the chassis. 

ment by-pass condensers are underneath. 
It is preferable to obtain the required screen 

voltage from a separate supply rather than 

• IIIA) • if.. • 

Fig. 1364 — Circuit diagram of the high-power push-
pull tetrode amplifier pictured in Figs. 1363 and 1365. 
— I50-ppfd. per section variable (1Iammarlund 

I I FAD-150-11). 
C2 — 100-ppfd. per section variable, 0.17-inch 

spacing (National TMA100DA). 
C3, Ca - 0.01 -pfd. paper. 
Cs, Cs — 0.001-pfd. 600- volt mica. 
( :7 — 0.001-pfd. 10,000-volt mica. 
T — Filament trandormer, 5.25 volts, 15 

amperes. 
-- Grid coils, all wound on Millen 1-inch-

diameter forms mounted in National 
P1110 shields with 6-pin bases; all 
coils tapped at miter. 

3.5 Mc. — 46 turns No. 22 enameled, 
close-wound. 
7 Mc. — 30 turns N-o. 22 enameled, 

11.4 inches long. 
14 Mc. — 16 turn s No. 22 enameled, 
1% inches long. 

28 Mc. — 10 turns No. 18 enameled, 
1 inch long. 

1.2 — Input link winding — 5 turne for 3.5 
Mc., 3 turns for 7 Mc. and 14 Mc., 

2 turns for 28 Mc. 
— B&W 111./11. series coils with variable-

link coupling. Appropriate inductance 
values are as follows: 

3.5 Me., — 40 ph.; 7 Mc. 15 ph.; 14 Mc. 
— 5 ph.; 28 Mc. — 1.2 ph. 

1,3 — Output link winding. 
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through the use of a voltage divider or series 
resistances from the plate supply. In many 
eases, it will be possible to supply the screens 
from the driver supply. A combination of grid-
leak and fixed bias is recommended for the 
grid, with sufficient fixed bias to cut plate cur-
rent off or to a very-low value when excitation 
is removed, the additional bias required under 
operating conditions, being obtained from a 
grid-leak resistance of proper value, depending 
upon the screen and plate voltages used. 

€. A Push-Pull 1-Kilowatt Amplifier 
The push-pull amplifier uing type 810s 

shown in t he photographs of Figs. 1367, 1368 
and 1369 is capable of handling a power input 
of 1000 watts for c.w. operation or 900 watts 
with plate modulation. 
The circuit is shown in Fig. 1366. Plug-in 

coils with fixed links are used in the grid cir-
cuit, while the output-coil mounting is pro-
vided with variable link coupling. L3C3 and 
Leg form traps against v.h.f. parasitic oscilla-
tion. Special multisection plate tank condenser, 
C'2, provides a low minimum capacity for opera-
tion at the higher frequencies and the high maxi-
mum capacity needed for operation at the 
lower frequencies. 
Construct ion — The plate-tank tuning con-

denser is mounted on 1%-inch ceramic cone 
insulators. The rotor is grounded through a 
high-voltage fixed condenser at the front end 
of the variable-condenser frame. The shaft is 
cut off and is fitted with a large Isolantite 
flexible shaft coupling. This is important, since 
the rotor is at high voltage. A panel-bearing 
assembly is fitted in the panel. The jack bar for 
the plate tank coil is mounted on a pair of 
angle brackets fastened to the condenser end 
plates. Two 300-ma. r.f. chokes in parallel are 

Fig. 1366 — Circuit diagram for the high-
po%er 1-kilowatt input push-pull amplifier. 
Ci — 150 upfd. per section, 0.05-inch spacing 

(Johnson 150FD20). 
C2 — Multi-section, maximum capacity 228 

ppfd. per section, 0.84-inch spacing 
(Cardwell X E-160-70-XQ). 

Ca, C4 — 3-30-pmfd. mica trimmer condens-
ers with Isolantite insulation (Millen 
28030). 

Cg, Cg — Neutralizing condensers (Johnson 
N250). 

C7 — 0.01-pfd. 600-volt paper. 
Cg — 0.001 -pfil. mica, 10,000-volt rating 

(Aerovox 1624). 
Co, CH) — 0.01-pfd. paper. 
RFC1 — 2.5-mh. r.f. choke. 
RFC2 — 1-mh. 300-nta, r.f. choke (National 

R-300). 
T1 — 10-volt 10-ampere filament transformer 

(Thordarson T-19F87). 
L1- 3.5 Mc. — 32 turns No. 16, 2% inches Ion g,2 1A-

inch diameter (40 ph.) (B & W 80BL). 
7 Mc. — 20 turns No. 14, 234 inches long, 2-inch 

diameter (12 ph.) (B & W 40BL). 
14 Mc. — 10 turns No. 14, 2!4 inches long, 2. 
inch diameter (3 ph.) (B & W 20BL). 

28 Mc. — 6 turns No. 12, 23x, inches long, 2-inch 
diameter (1 ph.) (B & W 10BI.). 

L2 — 3.5 Mc.- 32 turns No. 10, 6% inches long, 3 M-
inch diameter (40 pit.) (B & W 80I1DVL). 

Fig. LW Hear view of the high-power push-pull 
tetrode amplifier. The plate tank condenser is mounted 
in an inverted position on stand-off insulators by means 
of small angle pieces. The terminals at the rear, from 
left to right are ground, plate voltage, 115 volts a.c., 
screen voltage, bias and low-impedance link output. 

used, one being connected between each con-
denser end plate and the center connections of 
the coil jack bar. The rrositive high voltage 
comes up through the chassis through a feed-
through insulator at the rear of the condenser. 
The grid tank condenser is mounted on %-

inch cone insulators topped with spacers which 
bring its shaft up level with that of the plate 
tank condenser. The two variable condensers 
are mounted with their shafts 3% inches from 
the chassis edges. The jack bar for the grid tank 
coil is mounted on U-shaped brackets made 
from 3/2-inch brass strip, and these, in turn, 
are mounted on 2-inch cone insulators. The 
rotor of the,grid tank condenser is grounded to 

7 Me. — 20 turns No. 8, 6% inches long, 33/2. 
inch diameter (15 ph.) (B & W 4011D% L). 

14 Mc. — 8 turns No. 8, 4% inches long, 3)4-
inch diameter (3 ph.) (B & W 20HDVL 
with one turn removed from each end). 

28 Mc. — 4 turns 3/16-inch copper tubing or No. 
4 wire, 5% inches long, 2%-inch inside diameter 
(0.8 ph.) (B & W 10H DVL with one turn re-
moved from each end). 

Ls, L4 — 6 turns No. 12, 3/2-inch inside diameter, .34- 
inch long. 
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the chassis ; tt t he venter. Th, grid r.f. choke is 
mounted on a feed-through insulator carrying 
the biasing voltage up through the chassis. 
The grid by-pass condenser is -toltlered bet \teen 
the top of the r.f. choke and the rotor ground 
connection for the condenser. 
The two tubes are mounted centrally with 

respect to the two tank condensers, the neu-
tralizing condensers being placed between the 
tubes and the grid tank condedscr. The sockets 
for the tubes are sub-mounted beneath the 
chassis on rt,-inch spacers to lower the phite 
terminals. The pa ttasitic-t rap condensers and 
coils are self-support ing ; tint are fastened to the 
heat-radiating plate ('(( ti ((('t 
The filament transfi wrier is mounted under-

neath the chassis, atol the filament by-u  
condensers are wired in directly at the socket 
terminals. Millen sa let y terminals are provided 

1367 -- The panel for the I - k ¡ I.», at t 
push-pull amplifier is 14 Undies high and 19 
inches wide.'1'he chassis size is 13 X 17 inches. 

for the positive high voltage and 
negative bias terminals. A male plug 
is set in tile rear edge of the chassis 
for the 115-volt line ct mnect ion to the 
filament transformer. 
Power sigma). — A pl a t e-s p ply 

unit suitable for this amplifier is 
shown in Fig. 1370. For bias, the unit 
shown in Fig. 1351 is suggested. The 
branch including the V1(75-30 may 
be omitted and resistance values for 
R2 and R3 should be approximately 
2000 and 2500 ohms, respectively. 
The transmit ter shown in Fig. 1322 
will furnish tolequate excitation. 
Tun in g — The only depart tire 

from ordinary procedure in tuning is 
that of adjusting the parasitic traps. 

Fig. rif,8 — The tithe sockets in the 1-kilo 
t, alt aniplifier are sub-mounted:11e filament 
tran4ortner is mounted close to the sockets. 

The trap condensers, C3 and C4, 
should be set near maximum capacity, 
but not screwed up tight. After the 
amplifier has been neutralized, a Itias 
voltage of about 22 1, volts ›liould be 
applied to the grid awl the plate volt-
age applied through a 2500-ohm series 
resistance. NVit h a pair of coils for any 
band plugged in, the plate current. 
should not vary with any setting of 
the grid or plate condensers. If the 
plate current changes suddenly at any 
point, the trap condensers should be 
adjusted equally until the change dis-
appears. The trap condensers should 
be set as near to maximum capacity 
as is possible consistent with parasitic 
suppression. If the r.f. wiring has been 

Fig. 1369 — Rear view of the 1-kw, amplifier. 
showing wiring and the placement of part-. 
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Fig. 1370 — This power supply unit delivers 2025 and 
2480 volts at full-load current of 450 ma. si jib ripple of 
0.5 per cent and regulation of 19 per cent. Voltages are 
:elected by taps on the secondary. All exposed high-
voltage terminals are covered midi Sprague rubber 
safety caps and the tube plate terminals with moulded 
caps. The rectifier tubes are placed away from the plate 
transformer to avoid induction troubles. The panel i II 
X 19 inches and the chassis 13 X 17 X 2 inches. The 
exposed high-voltage terminal should be covered is it h a 
rubber-tubing sleeve. The circuit is the saute as that 
shown in Fig. 1350, the ponents being as follous: 

— 1-pfd. 2500-volt (G. E. Pvranol). 
( :2 - 2500-volt oil-filled (G. E. 1iyranol). 
14 — Input choke, 5-20 henrys, 500 ma., 75 ohms (Thor-

darscm T-19(:38). 
1.2 — Smoothing choke, 12 henrys, 500 ma., 75 ohms 

(TInffllarson T-19(:45). 
Ii — 50,000 ohms, 200-watt. 
Tri — 3000- 2450 volts r.m.s. each side of center, 500 

ma. il.c. (Thordarson T-lorte. 
Tr2 — 2.5 volts, 10 amperes, 10,000-volt insulation 

(Thordarson T-64F33). 
Note: The voltage regulation may. be improved let the 
use of a lower valve of bleeder resistance, R. althOugh 
at some sacrifice in maximum permissible load current. 

carefully duplieated, the initial adjustment of 
the parasitie traps as described above should 
be sufficient. 

After the above adjustment is complete, 
excitation may be aplilied and the amidifier 
loaded. The high-vapacity >yet ions of the plate 
tank condensers :ire required only for the 3.5-
Me. band. If parasitic oscillations are encoun-
tered, C3 and C4 should be adjusted, bit by bit, 
until they are suppressed. 
With correct excitation grid current should 

run about 100 ma. on all bands, and the ampli-
fier with the antenna connected may be I, ta  
until the plate current increases to 500 ina. 
Thi. power output with a platt. voltage of 2000 
should be approximately 750 \vat Is, 

11 Complete High-Power Transmitters 

The 100-watt transmitter of Fig. 1322 may 
be used as a driver for either of the high-power 
amplifiers in Figs. 1360 and 1367. In addition 
to the power-supply units of Figs. 
1351 and 1327 required for the ex-
citer, a separate bias supply for the 
high-power amplifier will be neces-
sary. A second bias-supply unit simi-
lar to that of Fig. 1351, minus the 
VII-tube branch, will be sat isfaetory. 
Plate voltage for either amplifier may 
be obtained from the large p.iwer-
supply unit shown in Fig. 1370. Th/• 
antenna tuner may be the one shown 
in Fig. 1353 with the substitution 
of a condenser of 0.1-inch plate spac-
ing and coils of higher power rating. 
The saine capacity and inductance 
values should be maintained. 

For a combination using the single-
tube amplifier of Fig. 1360, the 
bitted heights of all units will LA, 
inches. If the push-pull amplifier of 
Fig. 1367 is used in the complete 
transmitter, the It ti height, will be 
68 t.5, inches. 

A Four-Band V.F.O. Bandswitching 

Exciter 

A varia1,1--frequency exciter giv:ng au aver-
age power out-out of approximately 2 watts 
over the :3.5-, 14- or 28- Mc. bands is shown 
itt the photographs of Figs. 1371, 1373 and 
1374. circuit diagram is shown in Fig. 1372. 
The oscillator i a 6.15 triode aperating at 

1.75 Mc. with low-power battery input to 
maintain maximum frequency stability. The 
tunel eireuits are designed to, give Tactically 

le band,rprcad on each band. The oscil-
la:.ir s i›oliated from suceeeding stages by the 
IS53 twinned (" ass- A ; implifier. An 1853, 
wild.e tuning it gamige.1 with : lint cif the oscilla-
tor, doubles fret ti to the 3.5-M c. band 
with entlirieut power olitput to drive the 
21.:23 3.5-M e. ;minuted output stage. Succes-
sive pretuned finti doubler stages buly be 
switched in foil.m ing t he 21;2.25 to provide out-

Fig. 1371 — Panel situs ol the N: f.o. exeiter. The key jack is to the 
left, bandswitch al the center and the ruonitor-tranenit switch 
to the right. 'the zarasurcs 12 X 7 >: B imites, 
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1.75 6,c. 

1.5 
R, 

e- 
C. 6J5 C 1653   C,3 

3 5 me? 

Fig. 1372 — Circuit diagram of the bandswitching v•fm• exciter. 

• 22 5 

C1— 200-Aotftl. zero-temp. m ica. 113, Ra — 150,000 ohms, 1/.-N% a t t. 
C2— 200-ppfd. variable (Bud MC-1858). 113, Ra — 500 ohms, 1-watt. 
Ca — 5O0- pfd. zero-temp. mica. R6 — 20,000 ohms, 14watt. 
Ca, C13— 0.002-pfd. mica. 117, Rs, Bit, Ra — 400 ohms, 1-watt. 
Ca, C7, C13, C9, CII, Cl2, C17, Cis, C19, C20, C22, C23, 1:24, Rs, RIO, R13 — 1/3°,000 ohms, 1"an• 

C26, 1:27, c29, 1:30, C31, C32 — 0.01-pfd. paper. RFC — 2.5-mh r.f. choke. 
C6., CIO, C16, C21 — 100-ppfd. mica. J — Open-circuit jack. 
CI4 — 50-ppfd. variable (Cardwell ZR-50-AS). Si — Section of 4-gang 4-position tap switch, ceramic 
CIS — 35-pefd. variable (llammarlund MC-35-S) ganged insulation. 

S2 — 4-point short-circuiting switch ganged with Si on 
C28, C21) — 50-posfd. mica, single control. 
RI — 50,000 ohms, Y2-watt. S3 — ll.p.d.t. toggle switch. 

with Cz. 

put in the higher-frequency bands, switch 
sections being ganged so that the oscillator 
gives the correct bandspread range for the 
band in use. Doublers are cut out simply by 
opening the cathode and link circuits. With 83 
thrown to the right, the exciter is ready for 
transmitting with a key plugged in at ./. When 
83 is thrown to the left, the key is short-cir-
cuited and voltage is removed from the doubler 
stages so that the oscillator frequency may be 
set without operating the output stage and 
putting a signal on the air. 

Fig. 1373 — Top view of the v.f.o. exciter behind the panel. The 
shield cover for the condenser gang has been removed. In line from 
front to rear at the left arc the 6J5, 1853 and 1852. In the upper 
right-hand corner from lower left clockwise are the 2E25, the 7-Me. 
6L6 doubler, the 11-Me. 6L6 doubler and the 28-Mc. 614 doubler. 

The unit is built on a chassis measuring 12 X 
17 X 3 inches. The panel is 8% inches high 
and of standard 19-inch rack width. Referring 
to the top-view photograph of Fig. 1373, the 
oscillator and 1852 doubler tuning condensers, 
C2 and en, are mounted on p2-inch metal 
pillars so that the dial mechanism will clear the 
chassis. They are enclosed in a shield made 
from sheet aluminum and are mounted at the 
center of the chassis. To the right are grouped 
closely the 2E5 and the 6L6 doubler tubes 
with their respective pretuned tank circuits 

in individual shields. 
The tuning dial is a National type 

ACN which may be hand calibrated. 
The switch, S3, is to the right and the 
keying jack to the left. An eight-pin 
terminal is mounted in the rear edge of 
the chassis to provide a connection for 
the power cable. A separate pair of 
small feed-through insulators serves for 
the low-impedance output terminals. 
Underneath, the band-changing 

switch is at the center. Metal brackets 
are provided at each corner of the 
switch frame so that the assembly may 
be fastened securely to the chassis to 
eliminate any distortion of the switch 
frame or bending of coil leads which 
might cause a frequency change. At. 
the front part of the chassis are the 
four oscillator coils grouped around 
the switch. Connecting leads from the 
coils are extensions of the wire with 
which the coils are wound. A slight 
amount of slack should be left in these 
leads, rather than pulling them tight, 
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Li — 3.5-Mc. bandspread — 26 turns, no tap. 
12— 7-MG. bandspread — 28 turns, tapped 11 turns 

from g ttttt nd end. 
L3- 14-Mc. bandspread — 29 turns, tapped 14 turns 

from ground end. 
Li — 28-Mc. bandspread — 28 turns, tapped 18 turns 

from ground end. 
All above coils are wound on Millen 1-inch-diameter 

forms with No. 24 enameled wire, turns spaced to an 
approximate length of 1 inch, then adjusted by spread-
ing turns to give full dial-scale bandspread. 
Lt, Lo, L7, Ls — 19 turns No. 28 enameled, close-wound. 

since this practice helps to eliminate frequency 
changes with vibration. The leads should be 
covered with small-diameter spaghetti. The 
coils to the rear are the 1852 plate coils. The 
1852 padding condenser, C14, is immediately 
behind the switch gang. Its position may be 
reversed so that its shaft may be adjusted by 
screwdriver through a clearance hole drilled 
in the rear edge of the chassis. The entire unit 
should be mounted on a sheet of sponge rubber 
to minimize effects of vibration, or the chassis 

may be provided with standard shock mount-
ings of the type used with military equipment. 
The oscillator operates at 1.75 Mc. regardless 

of the exciter output frequency. 
Four separate coils, L1, L2, L3 and 
L4, are provided so that each may 
be adjusted to give the desired 
amount of band-spread in cover-
ing each of the output-frequency 
bands. This system eliminates the 
necessity for separate trimming 
and padding condensers and also 
permits the LC ratio to remain 
essentially constant regardless of 

the amount of • bandspread. The 
position of the tap and the induc-
tance of each coil may have to be 
varied slightly by changing the 
spacing of a few turns near the 
top of the form to get full-dial 
bandspread. 

If the coil dimensions given are 
followed closely, it should not be 
necessary to change the position of 

the taps on L9 through L12 to ob-
tain tracking with the oscillator. 

— 28-Me. bandspread 39 turns, tapped at 20 
turns front ground end. 

La- 14411e. bandspread turn.', tapped 18 turns 
from gr I end. 

Lit — 7-Me. bandspread - 11 turns, tapped 19 turns 
from ground .• ild. 

La — 3.5-Me. band ,pread -- 35 turns, tapped 33 turns 
from ground end. 

All above coils wound on Millen 1-inch-diameter 
forms with No. 24 enameled wire, turns spaced to an 
approximate length of 1 inch, then adjusted by spread-
ing turns to give proper tracking. 

Tracking can be checked by inserting a inilli-
ammeter in the plate circuit of the 1852. With 
the desired coil oscillator and buffer switched 
in, the v.f.o. should be tuned to the high-

frequencY end of the band and the padding 
condenser, C14, adjusted for minimum plate 
current. Then the tuning should be shifted to 
the low-frequency end of the band and C14 
swung through resonance to make sure that 
minimum plate current occurs at the same set-
ting as it did at the high-frequency end of the 
band. If an increase in the capacity of C14 is 
required to regain resonance, the tap on the 
coil 5110111(1 be moveil slightly toward the plate 

Fig. 1374 — Bottom view of the v.f.o. exciter. The ganged band switch 
's at the center. Toward the front are g ped the four oscillator coils 
with the four corresponding 1852 buffer coils and padder to the rear. 
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Fig. 1375 — Circuit of a suitable power sup-
ply for the bandswitching v.f.o. exciter. 
CI, C2 — Sec  • of dual 20-gftl. electrolytic. 
14 — 25-11., 250-ma. swinging filter choke, 
1.2 — 15-11. smoothing filter choke, 250 ma. 
ii — Plate transformer, 350 volts d.e. (Ken-

yon T-655). 
Tz — 5-volt rectifier filament transformer. 
T3 — 6.3-volt filament transformer, 6 amperes. 
B — 22.5-volt battery, large size. 
R — 2500 ohms, 50 waits, w ith slider for 

Si, Sz — S.p.s.t. toggle adjustment. 

end of the winding; if a decrease in the capacity 
of C14 is necessary, the tap should be moved 
away from the plate end of the coil. 
The pretuned tank circuits should be ad-

justed to give as flat output as possible over 
each band. To arrive at the best adjust meta it 
may be necessary to " stagger" the tuning. 
adjusting one circuit for the high-frequency 
end of the band and the next toward the low-
frequency end. 
With such an arrangement, which eliminates 

tuning of the individual circuits for each band. 
constant output cannot be expected. The list. 
of comparatively large tubes for the small aver-
age output is necessary to take care of ab-
normal plat e dissipation when operating in 
portions of the bands to which the stages 
may not be tuned accurately. This unit should 
be followed by a " power-leveling" stage using 
a tube, such as the 807, which will give essen-
tially constant output over a wide range of 
excitation levels. The plate current of the stages 
with prettified tank circuits will vary from 
about 15 ma. to ipproximately 80 ma., depend-
ing upon the amount of off-resonance tuning 
required for best average output over the band. 
A suitable power-supply circuit is shown in 

Fig. 1375. A supply delivering 350 volts d.c. 
at 250 nia, is required. A 22.5-volt " B" bat-
tery supplies the oscillator, while volt age-
regulated taps provide 150 volts for the screens 

Fig. 1376 — The variable-frequency exciter is en-

closed in an 8 X 8 X 10-inch l'armetal cabinet. The 
dial is the National type ACN, suitable for calibrating. 
The voltage-regulated power supply is mounted in an 
amplifier-foundation case with a 5 X 3 X 10-inch chassis. 

of the 1852 and 1853 and 255 volts for the 
plates of these tubes and the screens of the 
2E25 and 61.6s. The regulator tubes are used 
to prevent, a wide fluctuation in voltage as 
doubler stages are cut in and out. The slider on 
R should be adjusted to the point where the 
voltage-regulating tubes will just stay ignited 
with full load applied. 

C. A Variable-Frequency Crystal 

Substitute 

The photographs of Figs. 1376, 1379 and 
1380 illustrate the construction of a variable-
frequency unit which is designed to take the 
place of the crystal as a frequency control in 
most of the common forms of crystal-oscillator 
circuits. The power output of the unit is ap-
proximately one and one-half watts, which is 
sufficient for this purpose, or for driving an 
807. By means of plug-in coils, output at any 
frequency in the 1.75-, 3.5-, or 7- Mc. bands 
may be obtained. 

Referring to the circuit diagram of Fig. 1377, 
a 6F6 is used in the e.c.o. circuit. Since the buf-
fer stage provides adequate isolation, the use 
of a well-screened tube in the oscillator circuit 
is not a requirement. The cathode is con-
nected to a feed-back winding, L2, rather than 
to a direct tap on Li, to make adjusttnent of 
feed-back less difficult. A high-C tank circuit 
is obtained by the fixed padders, CI and C2. 
which are of the zero-drift type. Bandspread 
tuning is obtained by the split-stator con-
denser, C3. 
When coils 1 and lA (see coil charts) are 

plugged in, the two sections of the tuning con-
denser, C3, are connected in parallel and the 
output-frequency spread is 1760 to 2000 kc. to 
cover, through a doubler, the 3.5-Mc. band. 
Similarly, with coils 2 and 2A, the two sections 
of C3 are in parallel and the output-frequency 
spread is 3500 to 4000 kc. to oover the 3.5-Mc. 
band. 
When coils 1B and lAB are plugged in, the 

sections of C3 are in series and the output-fre-
quency range is 1750 to 1825 kc. for obtaining, 
through doublers, the frequency ranges of 
7000 to 7300 and 14,000 to 14,400 kc. Sim-
ilarly, when coils 2B and 2AB are plugged in, 
the output-frequency range is 3500 to 3650 
kc. for obtaining, through doublers, the same 
frequency ranges of 7000 to 7300 and 14,000 
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Fig. 1377 — Circuit diagram of the v.f.o. exciter unit. 

CI, Ca — 300 mart'. each, zero-drift tY pe 
(Centralab 316Z). 

Ca — 140 add. per section alarnmarlund 
MCD-110-S). 

— 100-pefd. mica. 
C5 — 250-ppfd. mica. 
Cs — 45-260-pafd. mica trimmer (Hammer-

Itind CTS-I60). 
• Approximately 65 jad. (Hammarlund 

11C-100-S %; it h tuo stator and tn o 
rotor plates removed). 

C, C9, C10, C11. C12 —' 0.01-µfd. paper. 
— Closed-circuit jack. 
• — 0.1 megohm, %-m att. 
R2-0.1 megohm, j/2-natt. 

113 — 500 ohms, 1-n att. 
L1, L2, L3. 1.4 See Fig. 1378. 

to 14,400 ke. The two sections of n are also 
connected in series when coils 3 and 3A are 
plugged in, and the output-frequency range 
then becomes 7000 to 7300 kc. This is suitable 
for covering the 7- Mc, band and, through a 
doubler, the 14-Me. band. 
When coils 311 and 3AB are plugged in, only 

one section of C3 is in use and the output-
frequency range of 7000 to 7500 kc. is useful 
in obtaining, through doublers, the range of 
28.000 to 30,000 kc. 

Proper connections to C3 are made auto-
matically when each oscillator coil is plugged 
in, as shown in Fig. 1378. 

Choke coupling is used between the oscil-
lator and the 6L6 isolating stage. This stage is 
operated very close to Class-A conditions and 
is tuned to the second harmonic of the oscil-
lator frequency. Thus, the oscillator operates 
at half the desired output frequency. The type 
6L6 tube is used to take care of the unusually 
high dissipation resulting from this type of 
operation. The tuning of the output tank cir-
cuit is ganged with that of the oscillator. 
Tracking taps on the output coil, L3, are re-
quired only for spreading the higher-fre-
quency bands. Adjustable mica trimmers, Ce, 
are mounted in each coil form. 

8 
OSC COIL CONNECTIONS 

D E 

Burg ( Fe CO lt. CONNEC TI ONS 

ore 
LI-Li socxEr o, 

F 
ALT xEs IN711 

,• 4378 - 4:oil-form connections for the '. f.o. circuit of Fig. 1377. Connections sli,ns n at are for coils I and 2. 
Those shown at B are for coils 3, Ili and 213. Connections shins n at C are for coil No. 311. Buffer coils IA and 2A 
should be connected as shown at 1), n hile coils 3.1, 1113, 2A13 and 3All should be c ))))) meted as shown at E. I" shows 
the circuit for optional cathode keying instead of screen keying, as mentioned in text. RFC. is an ordinary 2.5.mh. 
ri. choke. Coil dimensions arc as follows: 

Oscillator (Li and L2)• 
Coil No. 1 — (875 to 1000 kc.) — 47 turns No. 26 d.s.c., 

%-inch long; 6 turns for L2. 
Coil No. 2 — (1750 to 2000 kc.) — 23 turns No. 20 

d.s.c., I h inches long; 2 turne for L2. 
Coil No. 3 — (3500 to 3650 kc.) — 14 turns No. 20 

d.s.c., 134.  inches long; 2 turns for La. 
Coil No. 1B — (875 to 912.5 kc.) — 57 turns No. 26 

d.s.c., 1% inches long; 5 turns for L2. 
Coil No. 2B — (1750 to 1825 kc.) — 28 turns No. 20 

d.s.c., 1 inch long; 2 turns for L2. 
Coil No. 3B — (3500 to 3750 kc.) — 13% turns No. 20 

d.s.c., 1-inch long; 2 turns for La.  

* Wound on Millen 1-inch diameter forms, La mound 
turn-for-turn over bottom end of Li in same direct' . 
** Wound on Hammarlund 1 ' 2.inch diameter forms, L4 
close-Wound belon / 3. 

Buffer Coils (La and L4)** 

Coil No. IA — ( 1750 to 20(44) kc.) — 41 turns No. 24, 
1% inches long; approximately 12 turns for 

Coil No. 2A — (3500 to 4000 kc.) — 21 turns No. 18, 
1% inches long; approximately 6 turns for L1. 

Coil CO. 31 — (7000 to 7300 kc.) — 14 turns No. 18, 
1% inches long, tapped at 3 turns from bottom; 
approximately 4 turn, for Lc 

Coil No. 1AB — ( 1750 to 1825 kc.) — 46 turns No. 24, 
194. inches long, tappi•il at 19 turns from bottom; 
approximately 12 turns for 1.4. 

Coil No. 2A13 — (3500 to 367,0 kc.) — 24 turns \ I. 18, 
1% inches long, tapped at 9 q turns from bot-
tom; approximately 6 turns for 1.4. 

Coil No. 3All — (7000 to 75(10 kc.) — 14 turns NO. 18, 
11A inches long, tapped at 5 turns from bottom; 
approximately 4 turns for 4. 
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Fig. 1379 • Components for the v.f.o. exciter are as 
sembled on a 7 X 7 X 2-ineh chassis. The dual-section 
condenser is mounted by removing the shield between 
sections and fastening to the chassis midi a single ma-
chine screw. The smaller condenser, C7. is mounted on 
National polystyrene button insnhators and nietal spac-
ers to insulate it from the chassi- and bring its shaft in 
line with that of the dual It is reverse-
mounted, with its tail shaft exten-...o coupled to the tail 
shaft extension of the dual condeaer to reduce the over-
all mounting space. The stop pin on the shaft must be 
removed. Leads from the tattling condensers to the sub-
mounted coil sockets pa, through the chassis via 
3/2-inch holes lined with rubbez grummets. The jack for 
the key, which must be insulated, and the male power 
connector mn t in the side of the cabinet. The chassis 
is fastened firmly in place with long machine screws 
running through the chassis and the bottom of the 
cabinet. The terminals at the rear are for link-output 
connections, the binding post for capacity coupling. 

To solve some of the difficulties often en-
countered in key-filtering an oscillator of this 
type, the oscillator stage is keyed in the screen 
circuit. This means that both sides of the key 
are at a potential of 150 volts above ground po-
tential. It is, therefore, preferable to use a relay 
to isolate the key contacts from this voltage. 
Otherwise, due caution should be exercised. If 
preferred, cathode keying may be used as 
shown in Fig. 1378-F, but it is more difficult to 
obtain soft keying without introducing chirp 
with this system. With cathode keying, the 

screen connection will go directly to pin No. 2 
on the power plug, eliminating the jack in the 
screen circuit. 
A link winding, L4, is provided for coupling 

the output of the exciter unit to the input of 
the amplifier stage which it is to drive. 

Coils — Coil dimensions for several oscil-
lator ranges are given in the coil table below 
Fig. 1378. Only those which suit the conditions 
under which the unit is to be operated need be 
constructed. This will depend upon the type of 
transmitter with which the unit is to be used. 
To begin with, only coils need be provided 
giving output in bands for which crystals, for-
merly used, are ground. For instance, if the 
oscillator stage to be driven is designed for 
1.75-Mc, crystals only, coils need be wound 
for this band only. If the transmitter operates 
only in the 3.5-Mc. band, only the 1.75- Mc. 
coils for the first bandspread range will be 
required. If, however, the transmitter is de-
signed to cover the 7-Mc. band, as well as the 
lower frequency bands, from a 1.75- Mc. crys-
tal, coils for the second bandspread range also 
will be necessary to get full bandspread at 7 
Mc. An examination of the coil-selection table 
will show what coils are required, depending 
upon the crystal frequency normally used to 
secure output in the desired band. If full band-
spread at 7-Mc. and higher frequencies is not 
deemed necessary, the wide-bandspread coils 
for these frequencies need not be constructed. 
The oscillator coils are wound on Millen 

one-inch diameter coil forms which are 
mounted in National PB-10 five-prong shielded 
plug-in bases. The feed-back coils, L2, are 
wound over the bottom turns of LI, and in the 
same direction. Connections to the base pins 
are given in Fig. 1378-A, B and C. 
The buffer coils are wound on Hammarlund 

1%-inch diameter five-prong forms. The pad-
ding condensers, C8, are mounted inside the coil 
forms, fastened in place with a 4-36 machine 
screw. Buffer coils for the higher-frequency 
ranges must be tapped as directed. One satis-
factors' way of making this tap is to drill a hole 
near the bottom of the form for a wire which 
may be brought outside from the pin to which 
the tap must be connected. The turn which is 
being tapped, as indicated in the table of coil 
dimensions, may be scraped and the tap wire 
soldered to this turn. Pin connections are 
shown in Fig. 1378-D and E. 

Trutt ter 
Output Freq. 

COIL-SELECTION FABLE FOR VARIABLE-FREQUENCY UNIT* 

3.5 Mc. 7 Mc. 11 Me. 28 Mc. 

Crystal Freq. 
1.75 Mc. 1 & lA 

3.5 Mc. 

7 Me. 

2 & 24 

18 & 1.48 111 & lAll 

211 & 2AB 211 & 2AB 

3 & 34 3 & 3A 311 lit 3AB 

*Numbers refer to coils in coil-dimension table. 
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Tuning — Before an at-

tempt is made to tune the cir-
cuits, 1 he dropping resistor. 
R2, in the power supply should 
be adjusted. This is done wit h 
any pair of coils plugged in and 
the key closed. Starting with 
maximum resistance, the slider 
should be adjusted, bit by bit, 
until the VR tubes ignite. As 
much resistance as possible 
should be left in the circuit 
consistent with the mainte-
nance of reliable operation of 
the VR tubes. If the tubes ig-
nite with maximum resistance 
in the circuit further adjust-
ment will not be required, un-
less the output voltage of the 
pack used happens to be unu-
sually high. If this is the case, 
the value of dropping resistance should first be 
increased until the VR tubes no longer ignite, 
and then brought back to the point where they 
just ignite. 
The first step in adjusting the unit is to cheek 

the frequency range of the oscillator. It is 
probable that differences in wiring inductances 
and capacities will make it necessary to make 
slight alterations in the oscillator coil dimen-
sions given in the table. Unless the construction 
differs widely from the original, however, 
no more than adjustment, of the spacing of a 
few turns at the top of L1 should be required. 

A BCDE 0 3 DCB A 

f k \ 
313-343 13-1AB 113-1AB I-IA I-IA 

23-2A13 23-2AB 2-2* 
3-3A 3-3A 

Fig. 1381 — Typical dial calibration for the v.f.o. unit. Notations at lower 
right indicate the calibrated ranges of the coil sets listed under Fig. 1378 
and in the coil-selection table. Details of calibration are given in the text. 

If close calibration is desired, a 100-ke. fre-
quency standard checked against WWV (see 
Chapter Nineteen) or equivalent frequency-
checking means should be provided. The ap-
proximate range of the oscillator coil under 
adjustment may be determined by listening to 
the exciter on a calibrated receiver. The 1.75-
Mc. range of the receiver should be used for 
checking coil No. 1. The ranges of other coils 
may be checked with the receiver tuned to the 
3.5-Mc. band. Care should be exercised, when 
a superheterodyne receiver is used, that it is 
tuned to the signal and not the image. 

If no signal is heard at any point in 

Fig. 1380 — Iligh-frequency connections underneath the chassis 
of the v.f. exciter unit are made with short, straight sections of 
heavy wire. The two zero-temperature padding condensers are sol-
dered directly to the oscillator-coil socket. All components are 
mounted firmly with no opportunity to support mechanical vibra-
tion. Washers Yis-inch thick are placed between the panel and the 
chassis to provide space for the lower lip of the cabinet opening. 

the band with any setting of the v.f.o. 
dial, run a wire from the receiver an-
tenna post to a point near the oscilla-
tor coil. If it is still impossible to pick 
up the signal, it is possible that the 
oscillator may not be functioning. This 
can be verified by absence of rectified 
d.c. grid voltage between the 6F6 grid 
and ground. One turn should then be 
added to the feed-back winding. More 
than the single additional turn should 
not be required. If the winding is 
larger than is needed for reliable oper-
ation with the key closed, the 6F6 may 
continue to oscillate weakly even with 
the key open. This condition is to be 
avoided, of course, if break-in opera-
ation is contemplated. 
When the oscillator is functioning 

satisfactorily, the spacing of the top 
turn or two of L1 should be adjusted 
until the desired band is centered on 
the dial of the unit. This can be done 
by spreading a turn or two, as men-
tioned previously. The shield can 
should be replaced each time a check 
is made. When the adjustment is final, 
the turns should be cemented perma-
nently in place. The v.f.o. unit should 
be warmed up thoroughly before mak-
ing a permanent calibration. 
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Fig. 1382 — Vultage-regulated power supply for the 
v.f. exciter unit. L2 38 mounted underneath the chassis. 

The National ACN dial has imprinted sc.iles 
for calibrating five ranges. Since the bandspread 
ratio is the same for the two lowest-frequency 
sets of coils, the oscillator coils for each of these 
ranges may be adjusted so that the 3.5-Mc. 
harmonics of the 1.75-Mc. range (1 and 1A) 
will coincide with the fundamental frequencies 
of the 3.5-Mc. range (2 and 2A) and one scale 
on the dial will serve for both calibrations. It is 
only necessary to adjust the oscillator coil of 
the 3.5- Me. range so that the low-frequency 
end of the band falls at the same point as the 
second harmonie of 1750 of the 1.75-Mc, range 
falls when the 1.75-Mc, coils are plugged in. 
With similar adjustments, the 7-Mc. and 14-
Mc. ranges of the coils 1B and lAB, 2B and 
2AB and a and 3A may be made to coincide. 
In the end there will be a single calibration 
on the dial for each band, and only five calibra-
tions will be required for the complete set of 
coils listed in the coil table. A typical dial cali-
bration is shown in Fig. 1381. Intermediate 
points may be marked in as desired. While the 
14-Mc, band does not cover as much of the dial 
as do the other bands, nevertheless the band-
spread is entirely adequate to enable accurate 
setting to zero-beat in this band. 
With the oscillator ranges adjusted, the next 

step is to adjust the tracking of the buffer 
stage. A 6.3-volt ( 150-ma.) dial lamp with one 
or two turns of wire should be coupled to the 
output tank coil to act as an indicator. With 
the condenser gang set at minimum capacity, 
the padder, Cg, in the coil form should be ad-
justed for maximum brilliance of the lamp. 
'rhe gang should now be turned to maximum 
capacity. If the lamp decreases in brilliance, 
readjust C6, noting carefully whether an in-
crease or decrease in capacity of Cg is required 
to bring the lamp up to its original brilliance. 
(If the padders suggested in the parts table are 
used, and if they are mounted in the coil forms 
with their terminals downward, clockwise ro-
tation of the adjusting screw will decrease ca-
pacity, while counter-clockwise rotation will 
increase capacity. If mounted with the ter-

minals upward, the action will be reversed.) 
If an increase in the capacity of C6 is required 
with coils having no bandspread tap, C7 is not 
tuning fast enough and a turn should be added 
to L3. If a decrease in the capacity of Cg is 
required, a turn should be removed from Lg. 
On the tapped coils the tap should be moved 
upward a turn toward the top of Lg, if an in-
crease in C6 is required, or a turn downward 
toward the bottom of the coil, if C6 is decreased. 

After each adjustment of the coil, tracking 
should again be checked by adjusting C6 for 
maximum brilliance with the condenser gang 
at minimum capacity and then checking at 
maximum capacity. These adjustments are 
simple and no trouble should be experienced in 
speedily arriving at the correct adjustments. 
When proper adjustments have been made, 
there should be no appreciable change in the 
brilliance of the lamp at any setting of the 
gang condenser. 

If a check on plate currents is desired, meters 
may be inserted temporarily by opening up the 
wiring underneath the chassis. With correct 
adjustments of the tickler windings. L2. the 
oscillator plate current should run between 12 
and 15 ma. The buffer plate current should 
run at about 19 ma. with the key open and in-
crease one milliampere or less with the key 
closed. Large changes in this plate current in-
dicate that there are too many turns on L2. 
Power supply— The v.f.o. unit operates 

from the power supply shown in Fig. 1382 and 
whose circuit is shown in Fig. 1383. The two 
are connected with a length of five-conductor 
shielded battery cable fitted with a five-prong 
female connector at the unit and a similar male 
plug at the power-supply end. The shield is 
connected to pin No. 5 at each end. Almost any 
of the usual type of well-filtered receiver power 
supplies delivering 325 to 350 volts with a 
50-ma. or better rating may be made to serve 
the purpose equally well, merely by the addi-
tion of the VR150-30 regulator tubes and time 
dropping resistor. R2. 
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Fig. 1383 — Circuit diagram of the voltage-regulated 
power supply for the variable-frequency exciter unit. 
Ci — 8.pfd. 500-volt electrolytic (Mallory HD683). 
C2 — Dual-section 450-volt electrolytic, 40 dd. per 

section, one section on each side of L2 (Mallory 
FP1)238). 

Li, L2— 15 henrys, 100 ma. (UTC R19). 
— 25,000 ohms, 10-watt. 

R2 — 2500 ohms, 25-watt with slider. 
T — Combination power transformer: 375 volte r.m.s. 

each side of center-tap, 100 ma.; 5 volts, 3 am-
peres; 6.3 volts, 6 amperes (UTC 812). 

Sw — S.p.s.t. toggle switch. 



Transmitter Construction 295 

riticog -rErs6oE 
C. 

TRI-TU 

Fig. 1384 — Method,: of minding the output of the v.f.o. to crystal-oscillator stages of various types. See text for 
details. C is a mica condenser of 0.001 pfd. to prevent short-circuit of the grid leak. K. and are the usual oscillator 
cathode resistor and by-pass. C.- and are the usual cathode-circuit tanks in the grid-plate and Tri-tet circuits. 
The v.f.o. link output is eo.inecteul at 11-11 for harmonic operation and to F. 1' for f lainent al oper  • . is 
100 add. for the 1.75-Mc, band and 50 pub'. for the 15- and 7-Nie. bands. Dimensions for I. are as folio% s: 

1.75-Mc. input — 64 turns No. 24 dose-mound, 7-Mc. input —• 20 turns No. 18, 11 .,-inch diameter, 11 
13/2-inch diameter. b.,•bes long. 

3.5-Mc. input — 40 turns No. 2•4 II 2-inch diameter, link v, imbues consist of 8, 6 and 5 turns respeetively 
1 !,-inches it,,, g. for the 1.75, 3.5- and 7-Me. bands, cl,,se-w I below 

(I. Feeding Crystal-Oscillator Stages 

The output of the v.f.o. unit is sufficient to 
drive an 807 or similar type of tube. Such a 
stage may be link coupled to the exciter unit 
by means of Id4 or capacity coupled by connect-
ing a small coupling condenser to the plate 
terminal of the 61.6. In the latter case, some 
readjustment of C6 will be required to restore 
resonance, but retracking of the stage should 
not be necessary. 

However, it is expected that the unit will he 
used more frequently to drive the crystal-oscil-
lator stage of a crystal-controlled transmitter 
already in operation. While other methods of 
coupling between the crystal-oscillator stage 
and the v.f.o. unit may be devised, one satis-
factory system which reduces the possibility 
of instability of the crystal-oscillator tube when 
coupled to the v.f.o, unit will be described in 
detail. Most crystal-oscillator stages are not 
sufficiently well-screened to permit operating 
the stage as a conventional straight amplifier 
with input and output circuits tuned to the 
same frequency. While the substitution for 
the crystal of a tuned circuit link-coupled to the 
output of the v.f.o. unit is the recommended 
method of coupling when the crystal stage is to 
be used as a frequency doubler, the stage will 
invariably break into oscillation if the same 

Fig. 1385 — Circuit arrangements for a plug-in 
coil system planned for most conveniently 
making connections in a Tri-tet oscillator circuit 
for optional crystal or v.f.o. operation. The grid 
tank for doubler operation is plugged into the 
same six-prong tube socket used by the crystal. 
The circuit at A shows the connections of the 
plug-in grid tank for frequency-doubler operation 
of the crystal stage with v.f.o. input. Values for 
L,, C,, and the associated link coils are given un-
der Fig. 1384. B shows connections for the plug. 
in cathode coil, L., which is the usual Tri-tet 
cathode winding. C shows the adapter circuit 
complete with all socket connections. C. is the 
Tri-tet cathode-tank condenser and R. and are 
the usual cathode resistor and by-pass condenser. 

(A) 

(8) 

system is used for fundamental operation. Otte 
satisfactory method of preventing this is to 
switch the link line to the cathode circuit for 
fundamental operation. The practical appli-
cation of this system is shown applied to sev-
eral typical varieties of crystal-oscillator cir-
cuits in Fig. 1384. 

In each case, a tank circuit. GL„, tuned to 
the frequency of the crystal which it supplants, 
replaces the crystal when the stage is to be op-
erated as a frequency doubler. The insertion 
of the condenser C is required to prevent short-
circuit of the grid leak. The tank circuit is 
coupled to the output of the v.f.o. through a 
link line connecting at the points marked H-11. 
The openings indicated in the cathode circuits 
may be closed by a shorting bar. It is impor-
tant to keep the shorting-bar leads as short as 
possible, otherwise there is danger of self os-
cillation even though the tuning of the grid 
and plate tanks may differ widely. In Tri-tet 
and grid-plate circuits, the cathode tanks must 
be shorted as indicated. 
When the crystal stage is to be operated as a 

straight amplifier, the grid tank is removed, 
leaving the crystal position open. The link line 
from the v.f.o. is shifted to the points marked 
F-F and the cathode shorts indicated by the 
dotted lines removed. In Tri-tet or grid-plate 
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oscillators, the cathode inductances and pref-
erably the cathode tuning condensers also 
must be removed. If a cathode resistor is used, 
the excitation should be introduced in series 
between the cathode and the junction of the 
cathode resistor and its by-pass condenser as 
shown in Fig. 1385-C. 

If the v.f.o. is to be keyed, the key terminas 
of the crystal stage must be shorted. A small 
amount of fixed bias may have to be connected 
between grid leak and ground to prevent ex-
cessive plate current when the key in the v.f.o. 
circuit is open. If break-in keying is not de-
sired, the v.f.o. may be operated continuously 
and the crystal stage keyed in the usual 
manner. 

Values for the substitute grid tank coil are 
given in Fig. 1384. A fairly-high L/C ratio has 
been chosen and, in most cases, any one band 
may be covered without retuning of the grid 
tank, if it is set to resonance in the middle of 
the band. The remainder of the transmitter 
will be tuned as usual. 
The details of a convenient plug-in system 

which takes care of all connections in shifting 
from Tri-tet crystal operation (used in most 
of the transmitters described in this chapter) 
to either fundamental or doubler operation 
when using the v.f.o. unit are shown in Fig. 
1385. The grid tank for doubler operation is 
plugged into the same six-prong tube socket 
used for the crystal. Link connections to the 
v.f.o. are made through pin jacks H-H. A 
short-circuiting wire connects pin jacks F-F 
into the cathode circuit. The leads from the 
cathode-coil socket to these jacks and the 
shorting wire should be kept as short as possi-
ble. The cathode coil should be removed from 
its socket. 
For fundamental operation with the v.f.o. 

unit, the tank is removed from the grid-circuit 
and the shorting wire removed from F-F, to 
which the link line from the v.f.o. is shifted. 

Fig. 1386 — Top view of the gang-
tuned driver and push-pull amplifier 
designed to work with the v.f.o. unit 
of Fig. 1376. The chassis is elevated 
by 17 X 8-inch panels on each side. 
l'he 807 socket, which is mounted an 
inch below the chassis top on spacers, 
and the socket for the coupling trans-
former, /.4 Lz, at the left-hand end of 
the chassis, are on either side of the 
bandspread condenser, Cz, under-
neath. The 807 padding condenser, 
Cl, is next to the right with an in-
sulating coupling on its shaft which is 
5M inches from the left-hand end of 
the chassis. The shaft of the final-am-
plifier padding condenser, 51/2 inches 
front the right-hand end of the 
chassis, is also fitted with an insulat-
ing coupling. The condenser is 
mounted on National polystyrene 
button insulators to bring its shaft 
level with that of CI. The sockets for 
the 812s are at either end of Cz, with 
the neutralizing condensers between 
to make neutralizing leads short. 
The jack bar for the tank coil, La, is 
mounted on 2-inch cone insulators. 

For crysta operation, the crystal is plugged 
into the grid circuit between prongs 6 and 3, or 
between 5 and 2, and the cathode coil is plugged 
into its socket, automatically connecting in the 
cathode condenser, Cz. The v.f.o. link line must 
be disconnected. Similar combinations may be 
worked out for other oscillator circuits not 
shown in the diagrams. 

417. A Gang-Tuned 450-Watt Push-Pull 
Amplifier and Driver 

Figs. 1386, 1387 and 1389 show a gang-
tuned unit which may be added to the v.f.o. 
unit of Fig. 1376. As shown in Fig. 1388, it con-
ssts of a push-pull amplifier and a driver stage, 
the tuning controls of which are coupled to the 
tuning shaft cf the v.f.o. unit. Once adjusted for 
any given band, the four stages of the trans-
mitter can be tuned with the single dial of the 
v.f.o. unit. 
The two stages are coupled inductively with 

the tuning condensers connected across the 
grid winding. The use of inductive coupling 
solves the problem of balanced excitation to 
the amplifier without the dual tuning controls 
required with link coupling. C1 and C3 are the 
tank condensers, used for setting the circuits 
to the desired band. C2 and C4 are the band-
tuning condensers. The two stages are adjusted 
for tracking by varying the portion of the coils 
aeross which the bandspread condensers, C2 
C4, are connected. 
The trap circuits, L4C5, L5C6 and L6C7 are 

for the purpose of suppression of v.h.f. parasitic 
oscillations. 
The milliammeter may be switched to read 

807 cathode or screen current, amplifier grid 
current, or amplifier cathode current by means 
of the dual-gang tap switch S. 
Coils— While homemade coils of equivalent 

dimensions may be substituted, it may be 
found more convenient to alter manufactured 
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big. 1387 — Bottom view of the 
gang-tuned unit. The final amplifier 
bandsprcad condenser, C4, is mounted 
as far to the left as possible, on Na-
tional polystyrene button insulators 
stacked to bring the shaft level with 
that of the driver bandspread con-
denser, C2, to the right. The shafts of 
the two condensers are connected 
with flexible ceramic insulating cou-
plings and also to the tail shaft of C7 in 
the v.f o. unit through a hole cut in 
the rear of the v.f.o. cabinet. C2 is 
turned around so that its tail shaft 
couples to the shaft of the v.f.o. unit. 
The mounting hole of the condenser 
should come 21V2 inches from the left. 
hand edge of the chassis. The shaft 
stop pin should be removed. The 
remaining below-chassis wiring is 
simple and direct. heavy tinned wire 
is used for all r.f. leads. The filament 
transformer is mounted below the 
chassis at the center rear. Insulated or 
protected terminals are used for all 
external power supply connections. 

coils. The National coils suggested for L1 
should be obtained minus the links and mount-
ings. Stripped, it will be found that these coils 
fit snugly inside the B & W coils used for L2, 
and that the plastic strips on each coil hold 
them central to prevent short circuits between 
L1 and L2. The link winding should be removed 
from 1.2. The free base-pins thus provided will 
serve for the connections to C2. The tubular 
rivets at each end of the bottom spacing strip 
of the coil should be drilled or filed out, and 
U-inch 6- 32 machine screws substituted. A 
Johnson banana plug is fastened at each end of 
the base and the ends of L1 are connected to 
these plugs. 

In the chassis, on either side of the coil 
socket and directly below the banana plugs, a 
hole should be drilled. The one on the right-
hand side should be 4-inch in diameter, while 
the one on the left-hand side should be j.-inch 
in diameter. A jack to fit the banana plug 
should be placed in a National polystyrene 
button-type insulator with the shoulder filed 
off and the hole drilled out to fit the jack. This 
jack, mounted in the 3j-inch hole with the in-
sulator as a spacer, then serves to make the 
ground connection for LI. The i' -inch hole is 
for a second jack insulated from the chassis by 
a pair of button-type feed-through insulators. 
This jack serves as the connection for the 
other end of LI. 
The B & W type TVII coils are selected not 

only because they are of the proper size for 
the power involved, but also because they are 
supplied with extra plugs which may be used 
for the ganging taps for C4. 

COIL-SELECTION TABLE FOR GANGED UNIT 

Band Ose. Buffer Driver Finn/ 

3.5 Me. No. 2 No. 2A 3.5 Mc. 3.5 Me. 

7 Me. 7 Mc. No. 3 No. 3A 7 Mc. 

EL Combining Units 

Fig. 13S9 shows how the two units are joined 
together. The output of the v.f.o. and the input 
of the 807 driver stage are coupled capaci-
tively, a short wire connecting the binding 
post in the v.f.o. unit with the coupling con-
denser, C10, in the ganged unit. Large holes are 
made in the rear of the v.f.o, cabinet and the 
end of the chassis to clear a small National 
rigid shaft coupling. The height of the chassis 
should be adjusted so that the shafts cf the 
two units line up perfectly. If the condenser 
gangs in each unit have been mounted as de-
scribed, the shafts will be lined up %%I'm the 
bot tom edge of the 10 X 17 X 3-inch chassis is 
23¡. inches above the bottom edges of the sup-
porting panels. 
The two units are fastened together with 

7-inch triangular brackets, the tops of which 
have been cut off to fit, on each side of the 
chassis. The excitation lead to the grid of the 
807 passes through a grommet-lined hole in 
the back of the v.f.o. cabinet and a similar 
one in the front edge of the chassis. 

Power-supply requirements are coveeed in 
the section of the complete gang-tuned trans-
mitter the description of which follows in the 
next section. 
Tuning — If coil dimensions have been fol-

lowed carefully, there should be little difficulty 
in lining up the various stages. The shaft 
couplings must be adjusted so that all con-
densers of the gang arrive at maximum or min-
imum capacity simultaneously. Coils should be 
plugged in the various stages for the desired 
band, using the coil-selection table as a guide. 
With the tuning control set for the high-

frequency edge of the band, the voltage-regu-
lated supply and the bias supply should be 
turned on simultaneously. This will apply 
plate voltage to the v.f.o. unit and screen volt-
age to the 807. Using the 807 screen current as 
an indicator, the trimmer of the buffer stage in 
the v.f.o. unit should be lined up. Maximum 
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screen current indicates resonance. The key 
should not be held ch wed for excessively long 
periods, to limit screen heating. Tuning to the 
low-frequency end of the band should show 
negligible change in screen current. Should 
there be evidence of poor tracking, the buffer 
stage can be brought into line again as dis-
cussed in the section describing the tuning of 
the v.f.o. unit. 

Plate voltage may now be applied to the 807 
and the stage tuned to resonance with C1. A 
check should be made for parasitic oscillation, 
with a lamp of sufficient size to reduce the 
plate voltage to about half in series with the 
primary of the 750-volt transformer. At several 
settings of the v.f.o. unit CI should be varied 
throughout its range, carefully noting any 
change in cathode currant which would indi-
cate oscillation. An additional cheek may be 
made by touching a neon bulb to the plate of 
the 807. Should oscillation occur, the parasitic 
trap eondenser, (7%, should be adjusted until 
t he oscillation is suppressed. 
Turningnow tothetraeking of the driver stage, 

tuning C1 to resonance should result in a show-
ing of amplifier grid current. Again starting at 
the high-frequency end of the band, C1 should 
be adjusted for maximum grid current. If 
there is a serious falling off of grid current as 
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the unit is tuned to the low-frequency end of 
the hand, a check should be made to deter-
mine if readjusting C1 will bring the grid dur-
rent back up. If it does not, the size of L1 must 
be increased by one or two turns. If, however, 
retuning of C1 shows the tuning to be off reso-
nance at the low-frequency end of the band, it 
should be carefully noted whether an increase 
or a decrease in the capacity of C1 is necessary 
to restore resonance. If an increase in C1 is re-
quired, the taps of C2 should be spread slightly 
farther apart: if a decrease is required, they 
should be brought closer together. After each 
cheek the tuning of t he unit should be returned 
again to the high-frequeney end and realigned, 
before again checking the low-frequency end 
of the band. 

However, should the first check at the low-
frequency end of t he band show an increase in 
grid current over t hat obtained at the high-
frequency end a turn or two should be removed 
from L1, after which the tracking should again 
be checked as previous described. 

With substantially constant grid current 
over the band, the amplifier may he neutralized 
in the usual manner. With the amplifier oper-
ating at reduced plate voltage, a cheek similar 
to that described for the 807 stage should be 
made to eliminate any tendency toward para-

Fig. 1388 — Circuit diagram of the 450-watt gang-tuned dri%er and push-pull amplifier unit. 
— I•411 apfd. per section (Hammed I MCI)-140-S). 1.1 — Nlounted inside 1.2: 

1:2 — 100 ixidd. per section ( Ilammarlund mcrmoo-s). 3.5 Mc. — 22 turns No. 22, 04-inch diameter. 
:a — 150 µalit. per section, 0.07-inch spacing (Johnson 

150ED30). 
(:4— 65 add. per secti ,,,, 0.07-inch spacing ( Ilanunar-

lund 
Cs, Cis, C7 — 3-30-aafd. mica trimmer ( National M-30). 
CS, C9 — Neutralizing condensers (National NC-800). 
Cie — 100-add. mica. 

CI, — 0.001-51d. mica, 1000-volt rating. 
CIS — 0.001-5111. mica, 7500-volt (Aerovox 1623). 
C14, Cler, Cie, C17, C18 — 0.01-51d. mica. 
MA — Milliammeter, 100-ma. scale. 
RI — 25,000 ohms, 1-watt. 
112— 20,000-ohm, 10-watt variable. 
119, Ra — 25 ohms, 1-watt. 
Ra — Meter-multiplier resistance, 2 times, wound with 

No. 26 wire. 
RS — Meter-multiplier resistance, 5 times, wound %% ill 

No. 24 wire. 
}EMI — 2.5-mh. r.f. choke. 
11FC2— 500-ma. r.f. choke (Hammarlund C11500). 
— Two circuit, 4-contact switch (Mallory 3234J). 

T — 6.3 volts. 10 amperes (Thordarson T-19F99). 

I inches long (Nat lllll al AR 40, unmounted, 6 
turns removed). 

7 Mc. — 14 turns No. 20, 1%-inch diameter. 
1341 inches long (National A1120, unmounted). 

Lz — 3.5 Me. — 28 turns No. 22, M-inch diameter, 
13/¡ inches long, taps at 3 turns from each end 
(B & W JCI.-80, no link, 8 turns removed from 
each end). 

7 Mc. — 18 turns No. 16, U54-inch diameter, 
13,2 inches long, taps at 6 turns from each end 
(B & JCL-40, no link. 5 turns removed from 
each end). 

— 3.5 Mc. — 38 turns No. 14, 5% inches long, 21 
inch diameter, %ditch space at center for link, 
taps at 3% turns from each end (B & W 
TV1I-80). 

7 Mc. — 24 turns No. 12, 5% inches long, 2..!,(2-
inch diameter, %ditch space at center for link, 
taps at 7% turns from each end (B & V‘. 1111-
40). 

L. — 5 turns No. 14, 94-inch diameter, 1 inch long. 
La. Le — 4 turns No. 14,2%-inch diameter. 
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Fig. 1389 — The v.f.o. unit of Fig. 
1376 combined with the gang-tuned 
driver and push-pull final amplifier. 
The two units are fastened together 
with 7-inch triangular brackets, the 
tops of which have been cut off to fit, 
on each side of the chassis. The ex-
citation lead to the grid of the 807 
passes through a grommet-lined hole 
in the back of the v.f.o. cabinet. The 
milliammeter and the meter switch 
are placed on the panel to balance 
each other at opposite ends of the 
chassis. Holes for these components 
must be cut in the chassis edge. The 
control at the left is for setting the 
final-amplifier padder or band-setting 
condenser, C3, while the control to the 
right is for the driver padder, CI. The 
10 X 17 X 3-inch chassis is elevated 
approximately 2 kY inches by support-
ing it on panels 8 inches high running 
the length of the chas,-is. The clear-
ance and assemblv holes through the 
panel and chassis should be made 
slightly oversize to permit accurate 
adjustment of the chassis height for 
lining up the tuning-condenser shafts. 

sitie oscillation. For several settings of the 
ganged control, C3 should be varied throughout 
its range. If oscillation occurs, the parasitic 
trap condensers, C6 and C7, should be adjusted 
in equal steps until it ceases. 

Still operating at reduced plate voltage, the 
amplifier should be loaded with a lamp bulb 
of 150 to 200 watts connected to the output 
link. C3 should be adjusted for resonance at 
the high-frequency end of the band. Tuning 
across the band should now show no apprecia-
ble change in power input or output. If a 
check, by retuning C3 at the low-frequency end 
of the band, shows the stage to be off reso-
nance, a note should be made as to whether 
an increase in the capacity of C3 or a decrease 
is necessary to restore resonance. If an increase 
is required, the taps of C4 should be spread 
slightly, while a decrease in C3 indicates that 
the taps of C4 should be brought slightly closer 
together. Again, each adjustment of tracking 
should be followed by realigning at the high-
frequency end of the band before making a 
check on the new adjustment at the low-fre-
quency end. 

If coil dimensions have been followed care-
fully these tracking adjustments should not be 
required. They are described to take care of 
cases in which the constructor may have gone 
astray at some point, or in which the design 
has been changed to suit other requirements. 
Naturally, the adjustments for the higher-fre-
quency bands must be made in smaller steps 
than those required for the lower-frequency 
bands. 
At the plate voltages recommended, the 

screen current, when lining up the v.f.o. output 
etage, should run between 5 and 10 ma. Cath-
ode current to the driver stage when tuned 
and loaded should be between 70 and 100 ma., 
while grid current to the final amplifier should 
exceed 50 ma. with the amplifier loaded to the 
rated plate current of 300 ma. at 1500 volts. 

Under operating conditions the driver screen 
voltage should run close to 250 volts. When 
correctly adjusted, the power output across 
any of the three bands should remain constant 
at 300 watts. 

For 'phone operation with plate modulation, 
the input to the final amplifier should be re-
duced to 250 ma. at 1250 volts. 
The tube tables in Chapter Twenty should be 

consulted for the operating conditions of other 
types of tubes should they be used in the final 
amplifier. 

«[. Complete Variable-Frequency 
Gang-Tuned Transmitter 

Fig. 1389 shows the two units of Figs. 1376 
and 1386 combined for gang tuning. The volt-
age-regulated supply of Fig. 1382 may be used 
to furnish screen voltage for the 807 by bring-
ing out a tap from the junction of resistors R1 
and R2. The unit of Fig. 1351 will furnish bias-
ing voltages for both 807 and final amplifier. 
The voltage-divider resistance of the bias unit 
should be adjusted with 4000 ohms in the R2 
portion and 4000 ohms in the R3 portion. Plate 
voltage for the 807 may be obtained from the 
unit of Fig. 1316, while the unit of Fig. 1349 
will furnish plate voltage for the amplifier. A 
suitable antenna tuner is shown in the photo-
graph of Fig. 1353. 
To facilitate rapid setting of the band-set 

condensers, their dials may be provided with 
scales upon which the correct setting for each 
band is marked. 

Similarly, to simplify antenna tuning and 
make it possible to adjust the antenna without 
putting a signal on the air, the antenna-tuner 
dial may be provided with a scale which may be 
calibrated in terms of receiver- or v.f.o.-dial 
settings. Since antenna tuning should not be 
critical, the dial need be calibrated for only 
several scattered points throughout each band. 
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tr. A Practical Vacuum-Tube Keyer 

Fig. 1391 shows a practical vacuum-tube 
keyer unit. The circuit diagram is shown in 
Fig. 1390. 7'1, the rectifier, with C1 and R1 form 
the power-supply section for producing the block-
ing voltage necessary for cutting off the keyer 
tubes. With only R2 in the circuit and Sw2 
in the open position, there will be no lag. As Sw., 
is turned to introduce more capacity in the 
circuit, the keying characteristic is " softened" 
at both make and break. Adding resistance by 
turning Swi to the right affects the " break" 
only. The use of high resistances and small 
capacities results in small demand on the power 
supply and makes the key safe to handle. 
As many 45s may be added in parallel as 

desired. The voltage drop through a single tube 
varies from 90 volts at 50 ma. to 52 volts at 20 
ma. Tubes in parallel will reduce the drop in 
proportion to the number of tubes. If rated 
voltage is important in the operation of the 
keyed circuit, the drop through the keyer tubes 
must be taken into account and the transmitter 
voltage boosted to compensate for the drop. 

If desired, a greater angle of lag can be ob-
tained by using a rotary switch with more 
points and additional resistors and condensers. 
Suggested values of capacity, in addition to 
C2 and C3, are 0.001 and 0.002 j.ifd. From Rz, 
resistors of 2, 3 and 5 megohms may be added. 
When connecting the output terminals of 

the keyer to the circuit to be keyed, care must 
be used to connect the grounded output terminal 
to the negative side of the keyed circuit. 

111. 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. 1392. 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 much 
sturdier job will result if pieces are obtained 
cut to the full dimensions. 

Fig. 1391— A vactium-tube tr. built up on a 7 X 9 
X 2-inch chassis with space for four or more keyer tubes 
and the power-supply rectifier. The resistors and con-
densers 1./hich produce the lag arc mounted underneath, 
controlled by the knobs at the right. The jack is for the 
key, while terminals at left are for the keyed circuit. 

The main vertical supporting members of 
the wooden rack each is comprised of two pieces 
(A and 13, and I and J) fastened together at 
right angles. Each pair of these members is 
fastened together by No.8 flathead screws, with 
heads countersunk. 

Before fastening these pairs together, pieces 
A and J should be made exactly the saille 
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 
transmitter plus twice the sum of the thickness 
and width of the material used. If the dimen-
sions 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 3.1 inch plus the sum of the 
thickness and width of the material from either 
end of pieces A and J. This distance will be 
3% inches for stock exactly 1 X 2 inches. The 
second hole will come 114 inches from the first, 
the third inch from the second, the fourth 
1 Wi inches from the third and so on, alternating 
spacings between F2 inch and 1% inch (see 
detail drawing D, Fig. 1392). All holes should 

Fig. 1390 — Wiring diagram of the practical vacuum-tube keyer unit and power supply shown in Fig. 1391. 

Ci — 2.5M. 600-volt paper. •15 
C2 - 0.003-kifd. mica. R , R3 R. R3 meyed&ad 
Ca— 0.005-dd. mica. • 

— 0.25 megohm, 1-watt. 
Ra — 50,000 ohms, 10-watt. 
113, R4 - 5 megohms, 1-watt. 
115 -0.5 megohrn, 1-watt. 
Swi ,Swg — 3-position 1-circuit rotary switch. 
Ji — 325-0--325 volts, 5 volts and 2.5-volts 

(Thordarson T-131101). 

/WY 
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be placed %8 inch from the inside edges of the 
vertical members. 
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 
17% inches apart at all points. This will bring 
the lines of mounting holes 183% 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. 

A 

, Ana/. Nadr 

ejhrZateres 

Fig. 1392 — The standard rack. A — Side view. B — Front view. C — Top 
view. D — Upper right hand corner detail. E — Panel and chassis assembly. 
F, G, H — Various types of panel brackets. I — Substitute for metal chassis. 

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 

Veinal 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 1% inch from the first mounting holes, and 
the distance between the inside edges of the 
vertical strips, N and P, 193¡6 inches. 
To prevent the screw holes from wearing 

out when panels are changed frequently. I 
346, or 342 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 sand-
papering 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 supplies, 
modulator equipment, etc., 
may total to a surprising 
figure, the rack should be 
provided with rollers or 
wheels so that it may be 
moved about when neces-
sary after the transmitter 
has been assembled. Ball 
bearing roller-skate wheels 
are suitable for the purpose. 

Standard metal chassis are 
17 inches wide. Standard 
panels are 19 inches wide and 
multiples of 134 inches high. 
Panel mounting holes start. 
with the first one Yi inch 
from the edge of the panel. 
the second 1 Yi inches from 
the first, the third % inch 
from the second, the fourth 
1% inches from the third, 
and the distances between 
holes from there on alter-
nated between % inch and 
1% inches. (See detail D. 
Fig. 1392.) In a panel higher 
than two or three rack units 
(1 34 inch per unit), it is 
common practice to drill 
only sufficient holes to pro-
vide a secure mounting. All 
panel holes should be drilled 

inch in from the edge. 
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TO + NV TERmtNALS 
OF TRANSMITTER UNITS 
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ro BIAS TERMINALS 
TRANSMITTER UNITS 
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filAS -KV. + 51AS 

Fig. 1393 — Var'ous methods of connecting milliamme-
ters in grid and plate currents. A — Il gh-voltage me-
tering. II — Cat iode metering. C — Shunt metering. 

f. Metering 

Various methods of metering are shown in 
Fig. 1393. A shows the meters placed in the 
high-voltage plate and bias circuits. M i and 
M2 are for plate current and M3 and M4 for grid 
current. When more than one stage operates 
from the same plate-voltage or bias-voltage 
supply, each stage may be metered as shown. 
If this system of metering is used, the meters 
should be mounted so that the meter dials are 
not accessible to accidental contact with the 
adjusting screw. One method of mounting is 
shown in Fig. 1394, where the meters are 
mounted behind a glass panel. 
When plate milliammeters are to be mounted 

on metal panels, care must be taken to see that 

Stdpewo/ sp. 

Standad 
eVinponel 

tut-out/el 
frontpe./ 

ae,Kps 6loss Pore/ 

Sec VIEW 

Fig. 1394 — Safety panel for meters. The meters are mounted in the usual manner on an insulating sub-panel 
spaced hack of a glass-covered opening in the front panel. The glass is fastened in place with metal clamps or tabs, 
fastened to the front panel with sniall screws or pins. The front panel is of standard rack size, 19 X 5% inches. 

the insulation is sufficient to withstand the 
plate voltage. Metal-case instruments should 
not be mounted on a grounded metal panel if 
the difference in potential between the meter 
and the panel is to be more than 300 volts; 
bakelite-case instruments can be used under 
similar circumstances at voltages up to 1000. 
At higher voltages than these an insulating 
panel should be used. - 
The placing of meters at high-voltage points 

in the circuit may be overcome by the use of 
the connections shown in Fig. 1393-B and -C. 
The disadvantage of the arrangements at B is 
that the meter reads total cathode current and 
the grid and plate currents cannot be metered 
individually. This disadvantage is overcome in 
C, where the meters are connected across low 
resistances in the grid and plate return circuits. 
M i reads grid current and M2 plate current. 
The parallel resistors should have a value of 
not less than 10 to 20 times the resistance of the 
meter, and should be of sufficient power rating 
so that there will be no possibility of resistor 
burn-out. If desired, the resistance values may 
be adjusted to form a multiplier scale for the 
meter (see Chapter Nineteen). The same prin-
ciple is used in the meter-switching system 
shown in Fig. 1395. 

Meters may also be shifted from one stage to 
another by a plug-and-jack system, but this 

CNT I CNT 2 CRT 3 CNT d OM $ 

ve--

 wvwv 

•-• 

Fig. 1395 — Method of s%Nitching a single milliammeter 
to various circuits with a two-gang switch. The control 
shaft should be well insulated from the switch contacts, 
and should be grounded. The resistors, R, should have 
values of resistance ten to twenty times the internal re-
sistance of the meter; 20 ohms will usually be satisfactory. 

FRONT VIEW 
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OBLR. 
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Ra 

(A) (B) 

FINAL 
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Fig. 1396 — Toggle-switch meter switching. At A is a circuit for sw itching meter f  grid to plate circuit of same 
stage. At li is a circuit for switching grid meter between two stages arid plate meter between two stages. At C is 
an alternative circuit, similar to the one at R, in which separate filament transformers permit the use of a common 
plate supply. RI and R2 are grid-circuit meter shunt resistors, while Ra and R4 are the plate-circuit shunt resistors. 

system should not be used unless it is possible 
to ground the frame of the jack or unless a 
suitable guard is provided around the meter 
jacks to make personal contact with high volt-
ages impossible in normal use of the plug. 

Another metering system based upon the 
use of simple s.p.d.t. toggle switches is shown 
in the diagram of Fig. 1396. In each case pro-
vision is made for metering two circuits with a 
single milliammeter. Grid returns should be 
made to filament center tap or cathode rather 
than to ground or negative high voltage. If 
currents included in the meter range are to be 
measured, the resistors should have a value of 
about 50 ohms each, otherwise they should be 
adjusted to give the desired scale multiplica-
tion. 

4. Control Circuits 

Proper arrangement of controls is important 
if maximum convenience in operation is to be 
attained. If the transmitter is to be of fairly 
high power, it is desirable to provide a special 
service line leading directly from the public 
utility meter board to the operating room. This 
line should be run in conduit or 11N cable, and 

F 5w7 
htin &donee 

switch 

Swa 

elements 

e e Line 

SERVICE OUTLETS 

the conductors should be of ample size to carry 
the maximum load without undue voltage 
drop. The line should be terminated with an 
enclosed entrance switch, properly fused. 

Fig. 1397 shows the wiring diagram of a 
simple control system. It will be noticed that, 
because the control switches are connected in 
series, none of the high- voltage supplies can 
be turned on until the filament switch has 
been closed, and that the high-power plate sup-
ply cannot be turned on until the low-power 
plate supply switch has been closed. Further-
more, the modulator power cannot be applied 
until the final-amplifier plate voltage has 
been applied. Swr, places a 100- to 300-watt 
lamp, Lp. in series with the primary winding 
of the high-voltage plate transformer for use 
during the process of preliminary tuning and 
for local c.w. work. The final amplifier should 
first be tuned to resonance at low voltage and 
Sir; then closed, short-circuiting the lamp. 
Experience will determine what the low-volt-
age plate-current reading should be to have it 
increase to the full-power value when Sus is 
closed, so that the proper antenna-coupling 
and tuning adjustments may be made. 

Line 2 

Swag 
( s ro t,„Wip;1,/yA.0.,C rcaeitaheee.forafirecelm%i,e; 

chair é-over etc 

  H 

Bias .1..0 0 0ve tage 
( 1 qh 

supply 

speech 
  amplifier 

Supply 

Of o, supply 

Fig. 1397— A station control 
s:i stem. No high-voltage supply 
can be turned on until the fil-
ament switch has been closed; 
the high-power plate supply 
cannot be turned on until the 
low-power plate supply switch 
has been closed; and modulator 
power cannot be applied until 
the final-amplifier plate voltage 
lias been applied. With all 
switches except SW3 closed, 
Siva serves as the main control 
switch. Sut — Enclosed en-
trance switch. Su 2— Filament 
switch. Sera — Low plate volt-
age and main control switch, 
preferably of the push-button 
t> pe which remains closed only 
so long as pressure is applied. 
SIC4 — High plate-voltage 
switch. Sus— Low-power and 
tune-up switch short-circuiting 

Sirs — Modulator plate. 
voltage switch. F — Fuse. L — 
Vi arning light. L, — 100- to 
300-u at t voltage-reducing lamp. 
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Preferably, Sw8 should be of the non-locking 
push-button type which remains closed only so 
long as pressure is applied. A switch of this type 
provides one of the simplest and most effective 
means of protection against accidents from 
high voltage. In the form which is usually con-
sidered most convenient, it consists of a switch, 
located underneath the operating table, which 
may be operated by pressure of the foot. When 
used in this manner the operator must be in the 
operating position, well removed from danger, 
before high voltage can be applied. If desired, 
Sw3. may be wired in parallel on the front of 
the transmitter panel, so that it can be used 
while tuning the transmitter.-Sw8 also should 
be of the push-button type. 

In more elaborate installations, and in re-
mote control systems where the transmitter is 
located some distance from the operating posi-
tion, similarly arranged switches may be used 
to control relays whose contacts serve toper-
form the actual switching at the transmitter. 
Two strings of utility outlets, one on each 

side of the entrance switch, are provided for 
operation of the receiver and such accessories 
as the monitor, lights, electric clock, soldering 
iron, etc. Closing the entrance switch should 
close those circuits which place the station in 
readiness for operation. S71'2 and Stv4 are nor-
mally closed and Sw3 is normally open. When 
Sty' is closed upon entering the operating 
room, the transmitter filaments are turned on 
as also is the receiver, which should be plugged 
into line No. 2. With Sw4 closed (as well as 
Sw6 and Sw6), Sw3 performs the job of turn-
ing all plate supplies on and off during succes-
sive periods of transmission and reception. 

All continuously operating accessories, such 
as the station clock, should be plugged into line 
No. 1. This is so that they will not be turned off 
when Swi is opened. Line No. 1 is of use also 
for supplying the soldering iron, lights, etc., 
when it is desired to remove all voltage from 
the transmitter by opening Stri. 

41 Line-Voltage Adjustment 

In certain communities trouble is sometimes 
experienced from fluctuations in line voltage. 
Usually these fluctuations are caused by a 

to Trontrrutte, 

aiov,tc. 

Fig. 1938 — Ttso methods of ransfortner primary 
control. At the left is a tapped 1- o-1 transformer with 
the possibilities of considerable variation in the sec-
ondary output. At the right is • ntlicated a variable 
transformer or autotrao-former, often referred to as a 
"variar," in srrif' s iii the transformer primaries. 

TO Towomitle. 

flul MI mil 
fil Poi 

Fig. 1399 — With this circuit, a single adjustment of 
the tap switch .Si places the correct primary voltage 
on all transformers in the transmitter. Information on 
constructing a suitable autotransformer at negligible 
cost is contained in the text. The light winding repre-
sents the regular primary winding of a revamped trans-
former, the heavy winding the voltage-adjusting sec  • 

variation in the load on the line and, since 
most of the variation comes at certain fixed 
times of the day or night, such as the times 
when lights are turned on and off for the night. 
they may be taken care of by the use of a 
manually-operated compensating device. A 
simple arrangement is shown in Fig. 1398. A 
toy transformer is used to boost or buck the 
line voltage as required. The transformer 
should have a tapped secondary varying be-
tween à and 2.0 volts in steps of 2 or 3 volts 
and its secondary should be capable of carrying 
the full load current of the entire transmitter. 
The secondary is connected in series with the 

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-swit ch on the right tap. If the 
phasing of the two windings of the toy trans-
former happens to be reversed, the voltage will 
be reduced instead of increased. This connec-
tion may be used in cases where the line voltage 
may be above 115 volts. This method is pref-
erable to using a resistor in the primary of a 
power transformer since it does not affect the 
voltage regulation as seriously. 
Another scheme by which the primary volt-

age of each transformer in the transmitter may 
be adjusted to deliver the desired secondary 
voltage with a master control for compensating 
for changes in line voltage is shown in Fig. 
1399. 
This arrangement has the following features: 
1. Adjustment of SI to make the voltmeter 

read 105 volts automatically adjusts all prima-
ries to the predetermined correct voltage. 

2. The necessity for having all primaries 
work at the same voltage is eliminated. Thus, 
110 volts can be applied to the primary of one 
transformer, 115 to another, etc. 

3. Independent control of the plate trans-
former is afforded by the tap switch S2. This 
permits power input control and does not re-
quire an extra auto-transformer. 
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Modulation Equipment 
TO PROVIDE the modulating power 

necessary in radiotelephone communication, 
audio power amplifiers or modulators are re-
quired. The units described in this chapter 
have been designed to give the required power 
output as simply and economically as possible, 
while still observing good design principles. 

In many respects the arrangement of com-
ponents is less critical in audio than in r.f. 
equipment; nevertheless, certain principles 
must be observed if difficulties are to be 
avoided. The selection of suitable modulation 
equipment for any of the transmitters in the 
preceding chapter is not difficult, if the funda-
mental principles of modulation as described 
in Chapter Five are understood. If the trans-
mitter is to be plate-modulated and the power 
input to the modulated stage is to be of the 
order of 100 watts or higher, a Class-B modu-
lator invariably will be selected. A pair of 
modulator tubes of any type capable of the re-
quired power output may be used. The tables 
in this chapter give the necessary information 
on the most popular tube types. The driving-
power requirements for the modulator stage also 
are given, so that from this point on the speech 
amplifier tube line-up can be selected according 
to the principles outlined in Chapter Five. 
The apparatus to be described is representa-

tive of current design practice for speech ampli-
fication, with units to provide the various out-
put levels required to drive high- and low-
power Class-B modulators. In some cases the 
power output of these amplifier units will be 
sufficient to modulate low-power transmitters 
directly, without additional power amplifi-
cation. Also, practically any of the speech 
amplifiers shown can be used to grid-modulate 
transmitters up to the highest power input 
permitted in amateur transmitters. 

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 which usually exists in the vicin-
ity of house wiring. Even with the 
chassis, additional shielding of the 
input circuit of the first tube in a 
high-gain amplifier usually is neces-
sary. In addition, such circuits should 
be separated as much as possible from 
power-supply transformers and chokes 
and also from audio transformers 

operat ing at fairly high power levels, to prevent 
magnetic coupling to the grid circuit which 
might cause hum or audio-frequency feed-back. 

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 frequently necessary — to connect the 
chassis to a ground such as a water pipe. 
Heater wiring should be kept as far as possible 
from grid leads, and either the center-tap or 
one side of the heater transformer secondary 
winding should be connected to the chassis. 
In a high-gain amplifier the first tube prefer-
ably should be of the type having the grid 
connection brought out to a top cap rather 
than to a base pin, .since in the latter type the 
grid lead is exposed to the heater leads inside 
the tube and hence will pick up more hum. 
With the top-cap tubes, complete shielding of 
the grid lead and grid cap is a necessity. 

(1, A 10-Watt Class-B Modulator for 
Low-Power Transmitters 

A receiving-tube modulator, with a speech 
amplifier for either crystal or carbon micro-
phones, is shown in Figs. 1401-1403, inclusive. 
It is suitable for modulating transmitters of 
20 watts input or less, such as the low-power 
equipment frequently used on the very-high 
frequencies. Type 6A6 tubes are used through-
out in the audio circuits, although any equiva-
lent twin triode such as the 6N7 could be sub-
stituted. An inexpensive power supply is in-
cluded, so that the unit is complete and ready 
for connection to the transmitter. 

Fig. 1403 shows the circuit diagram of the 
speech amplifier-modulator. One section of the 

Fig. 1401 — A 10-watt audio unit complete with power supply. Three 
dual-triode 6A6 tubes provide a four-stage amplifier with Class-B 
output. Any of the popular types of microphones may be used. 

305 
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Fig. 1402 — The below-chassis wiring is visible in this view of the 10-watt 
modulator. The microphone input leads are kept short to reduce hum pick-up. 

first 6A6 is used as the input amplifier for a 
crystal microphone, the other half being a sec-
ond speech-amplifier stage. Carbon microphones, 
which need less gain, are transformer-coupled 
to the second section of the first 6A6. The type 
of jack shown at J2 in the circuit diagram must 
be installed if a double-button carbon micro-
phone is to be used. J2 may be the same as Ji 
if a single-button microphone is to be used 
exclusively. 
The gain control is connected in the grid 

circuit of the second section of the first 6A6 
tube, which is resistance-coupled to the driver. 
The driver tube, also a 6A6, has its two sections 
connected in parallel. 
The modulation transformer specified is 

designed to work between 6A6 plates and a 
6500-ohm load: the impedance ratio used will, 
of course, depend on the load into which the 
modulator will work. A milliammeter can be 
connected across the shunt resistor. RI, pro-
vided to measure the Class-B plate current. 
The power supply is of the condenser-input 

type. Using the components specified, it will 
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deliver 350 volts at 90 lita. 
A switch in t he transformer 
center-tap lead is used for 
turning t he plate voltage on 
and off without affecting the 
filament supply. 
The power transformer is 

submounted at the left-hand 
end of the chassis. Next to it 
is the filter choke, Li, fol-
lowed by the rectifier tube 
and T3, the modulation out-
put transformer. The driver 

tube is at the extreme right-hand and, with 
T2, the driver transformer, behind it. The 
Class-B tube is to t he rear and in line wit h t he 
speech-amplifier t ube. For convenience in wir-
ing, the audio t ube sockets should be mounted 
with the filament prongs facing the right-hand 
ene of the chassis. 
The plate-voltage switch is on the front of 

the chassis toward the left in Fig. 1401. The 
microphone switch, gain control and micro-
phone jacks are grouped at the right. Power in-
put and output t erminals are at the rear. 
The bottom-view photograph, Fig. 1402, 

shows the layout for the components mounted 
below the chassis. T1 is mounted at the left end. 
Wiring to the driver tube socket and the 
transformer secondary winding should be com-
pleted before the transformer is bolted in place, 
since it is difficult to reach thé connecting points 
with a soldering iron afterwards. Short leads be-
tween the gain control, the microphone switch 
and the tube socket can be obtained by making 
the gain-control contacts face toward the 
switch, as shown in the photograph. 

6A6 
12 

R, 
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Fig. 1403 — Circuit diagram of the complete 10-watt Class-B audio modulator system for low-power transmitters. 
6A6 plates to 6A6 Class-B 
(Stancor A-4216). 

Ts — Output transformer, 6A6 
Class-B to 6500-ohm load 
(Stancor A-3845). 

Power transformer, 700-0-
700 volts, 90 ma.; 5 volts at 
3 amperes; 6.3 volts at 3.5 
amperes. 

Filter choke, 5 henrys, 200 
ma., 80 ohms (Thordarson 
T-67C49). 

CI, C2 — 0.1-mfd. 600-volt paper. Rn — 
Ca, C4 — 10-5fd. 50-volt electro- Swi — 

lytic. Sw2 — 
Co, Co, C7, Cs, C9 — 8-iifil. 150-

volt electrolytic. J; — 
RI — 25 ohms, 34-watt. 
113, R3-900 ohms, 1-watt. Jo — 
114, Ito — 50,000 ohms, ?/2-watt. 
Ro, 117 — 0.25 megohm, J•¡-watt. 
Rs — 1 megohm, Y2-watt. h — 
B9 — 5 megohms, Y2-watt. 
Rio — 500,000-ohm volume control. T2 — 

25,000 ohms, 10-watt. 
S.p.d.t. toggle switch. 
S.p.s.t. toggle switch (see 
text). 

Closed-circuit jack for crystal 
microphone. 

2- or 3.-circuit jack for single-
button or double-button 
carbon microphone. 

S.b. or d.b. microphone trans-
former (Stancor A-4351). 

Driver transformer, parallel 

T, - 

— 



Modulation Equipment 307 
The compact microphone battery (Burgess 

type 3A2) will be held securely in place without 
brackets or clips if it is wedged in between 
the bottom of the power transformer and the 
lips on the bottom of the chassis. A 3-volt 
battery is sufficient for most carbon micro-
phones, and low current frequently will give 
better speech quality. The 115-volt a.c. and the 
meter leads (rubber-covered lamp cord) enter 
the chassis through rubber grommets. A three-
contact terminal strip is located at tile right 
end of the base (left end in the bottom view). 
One of the contacts on this terminal strip is for 
an external ground connection and the other 
two are connected to the modulation-trans-
former output winding. 
The actual measured power output of the 

unit shown in the photographs is 11 watts, as 
recorded at the point where distortion just be-
gins to be noticeable. This order of audio power 
output is ample for modulating a low-power 
transmitter operating with 20 watts or so input 
to the final stage. 

A 20-Watt Speech Amplifier or 
Modulator 

The amplifier shown in Figs. 1404-1406 will 
deliver audio power outputs up to 20 watts 
(from the output transformer secondary) with 
ample gain for ordinary communications-type 
crystal microphones. Class-AB 61.6s are used 
in the output stage, preceded by a 635 and a 
6J7 preamplifier. 
The unit is built up on a 5 X 10 X 3-inch 

chassis, with the parts arranged as shown in 
the photographs. About the only construc-
tional precaution necessary is to use a short 
lead from the microphone socket (a jack may 
be used instead of the screw-on type, if de-
sired), and to shield thoroughly the input cir-
cuit to the grid of the 6J7. This shielding is 
necessary to reduce hum. In this amplifier, the 
6.17 grid resistor, RI, is enclosed along with the 
input jack in a National type J-1 jack shield, 

Fig. 1404— A low-cost speech-amplifier or low-posser 
modulator unit with a maximum audio output of 20 
watts. The 6J 7 is at the left near corner of the chassis. 
with the 6.15 to its right, just above the volume control. 

and a shielded lead is run from the jack shield 
to the grid o! the 6.17. A metal slip-on shield 
covers the grid cap iof the tube. 
To realize maximum power output, the " B" 

supply should be capable of delivering about 
145 ma. at 360 volts. A condenser-input sup-
ply of ordinary desgn ..Chapter Eight) may be 
used, since the variation in plate current is 
relatively small. 1.1u, current is approximately 
120 ma, wit h no input signal and 145 ma. at 
full out put. If an output, of 12 or 13 watts will 
be sufficient, Re and Rie may be omitted and 
all tubes fed direetly front a " B" supply 
giving 270 volts at approximately 175 ma. 
The output, transformer shown is a universal 

modulation type suitable for coupling into the 
plate circuit of a low-power r.f. amplifier (in-
put 40 watts maximum for 100 per cent modu-
lation) for plate modulation. For cathode mod-
ulation, the r.f. input power that can be modu-
lated can be determined from the data in 

b 3V -• *MO 

Fig. 1405 — Circuit diagram of the low-cost speech amplifier or modulator capable id power outputs up to 20 watts. 
C1, Co — 20-pfd. 50-volt electro-

lytic. 
C3— 0.1-pfd. 200-volt paper. 
C4 — 0.01-pfd. 400-volt paper. 
Cs, CO 8-pfd. 450-volt electro-

lytic. 
RI — 5 megohms, 3/2"-watt. 
R2—  1300 ohms, h -watt. 

Rs — 1.5 megolims, !:2"-is att. 
Rs — 0.25 megohm, ¡-ss at t. 
Ris — 50,000 ohms, 34watt. 
Ro — 1-megohm volume control. 
R7 — 1500 ohms, 1-is att. 
Rs — 250 ohms, 10-watt. 
R9 — 2000 ohms, 10-watt. 
RIO — 20,000 ohm«, 25-watt. 

T — interstage audio transformer, 
single plate to p.p. grids. ratio 
3:1 (Thordarson T-57A41). 

T2 — Output transformer, type 
depending on requirements. 
A multi-tap modulation 
transformer ('1 hordarson 
T-19M14) is milown. 
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Ci — 0.1-pfd. 200-volt paper. 
Co — 0.01-pfd. 400-volt paper. 

—20-pfd. 50-volt electrolytic. 
Ct, Ca, Co — 8-pfd. 450-volt elec-

trolytic. 
Ri — 5 megohms, 1A-watt. 
R 2 — 1300 ohms, )4-watt. 
Rs — 1.5 megohm, 3/2-watt. 
12 — 0.25 megohm, I¡-watt. 

Fig. 1406 — Bottom view of the 20-watt speech am - 
plifier or modulator chassis. The most important cori. 
structional point is complete shielding of the microphone. 
input circuit up to the grid of the 6J7 first amplifier. 

Chapter Five. The amplifier may also be used 

for grid-bias modulation with the transformer 
specified. If the unit is to be used to 
drive a Class-B modulator, it is rec-
ommended that the Class-B tubes be 
of the zero-bias type rather than a 
type requiring fixed bias. A suitable 
output transformer must be substi-
tuted for this purpose; data may be 
found in transformer manufacturers' 

catalogs. 
The frequency response of the 

amplifier is ample for the range of 

frequencies encountered in voice com-
munication. It may be extended for 
high-quality reproduction of music by 
using higher-priced audio transformers. 

e A 40-Watt Output Speech Am-
plifier or Modulator 

The 40-watt amplifier shown in 

Figs 1407-1409 resembles in many re-
spects the 20-watt amplifier just de-
scribed. The first two stages are, in 
fact, identical in circuit and construe-

'Ji 

Fig. 1107 — A 40-watt speech amplifier or modulator of inexpensive-
construction. The 6J7 and first 6J5 are at the front, near the micro-
phone socket and volume control, respectively. Ti is behind them, 
and the push-pull 6J5s are at the rear of the chassis behind 71. T2, 
in the center, the push-pull 6L6s, and T3 follow in order to the right. 

IN 
.c 

Fig. 1408 — Circuit diagram of the Class Allo push-pull °Lb 40-watt output speech amplifier or modulator. 
(ThordarsonT-57A41). 

Driver transformer, p.p. 6J55 
to 6L6s Class AB2 (Thor-
darson T-84D59). 

Ta -- Output transformer, ty pe 
depending on requirements. 
A multi-tap modulation 
transformer (Thordarson 
T-19M15) is shown. 

t ion. To obtain the higher output, however, it 
is necessary to drive the 6L6s into the grid-
current region (Class-AB2 operation), so that a 

driver stage capable of furnishing sufficient 
power is required. A pair of transformer-cou-
pled 6J5s in push-pull is used for this purpose, 

inserted between the single 6J5 stage and the 
push-pull 6L6s. Decoupling is provided (R9 and 
CO to prevent motorboating, because of the 

higher over-all gain of the amplifier. 
A 6 X 14 X 3-inch chassis is used for the 

-10-watt amplifier. The photographs show the 
.crangement of parts. As in the case of the 
20-watt unit, complete shielding of the micro-
phone input circuit is essential. The amplifier 
has ample gain for 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 
will depend upon the type of operation chosen, 

6J e 

116 — 50,000 ohms, 1A-watt. 
R6 — 1-megohm volume control. T2 — 
R 7 — 1500 ohms, 1-watt. 
Rs — 750 ohms, 1-watt. 
Ro — 12,001) ohms, 1-watt. 
Rio — 20,000 ohms, 25-watt. 
Rit — 1500 ohms, 10-watt. 
Ti — Interstage audio, single plat,. 

to p.p. grids, 3:1 ratio 
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as described in Chapter Five; 
with 55 per cent plate effi-
ciency in the r.f. stage, for 
instance, the input may be 
of the order of 200 watts, 
making an allowance for the 
small amount of audio power 
taken by the grid circuit. 
A high-power Class-B mod-

ulator can be driven by thc 
unit; data on suitable modu-
lator tubes are given later in 
this chapter. Zero-bias tubes 
should be used, because they 
present a more constant load 
to the 6L6s than do rela-
tively low amplification-
factor tubes which require fixed bias for Class-
B operation. A suitable Class-B driver trans-
former should be substituted for the universal 
modulation transformer shown. 
The power supply should have good voltage 

regulation, since the total " B" current varies 
from approximately 140 ma. with no signal to 
265 ma. at full output. A heavy-duty choke-
input plate supply should be used; general 
design data will be found in Chapter Eight. 
The heater requirements are 6.3 volts at 3 am-
peres. Bias for the 6L6 stage is most conven-
iently supplied by a 22.5-volt " B" battery 
block; a small-sized unit will be satisfactory, 
since no current is drawn. 

41. A Push-Pull 2A3 Amplifier with 
Volume Compression 

Ideally, a Class-B modulator should be 
driven by an amplifier having exceptionally 
good voltage regulation, to minimize distortion 
(see Chapter Five). For average amateur work, 
the 6L6 amplifiers just described will give en-
tirely satisfactory results as drivers for Class-
B stages when operated well within their 
capabilities, especially with zero-bias Class-B 
tubes. However, somewhat better performance 
can be secured by using triode drivers, es-
pecially when the grid power requirements of 
the Class-B stage are modest enough to make 
the use of triodes such as the 2A3 practicable. 

Fig. 1111)— A pu:11-pull 2A3 speech amplifier having an output 
of approximately 6 watts. A volume-compression circuil included. 

Fig. 1109 — Underneath the chassis of the 40-watt spe..cli aniplifigg-modulator 

The amplifier shown in Figs. 1410-1412, inclu-
sive, has an output (from the transformer 
secondary) of 6 watts with negligible distor-
tion, and thus is suitable for driving Class-B 
stages of 100 to 250 watts output. 
The amplifier also incorporates an auto-

matic volume-compression circuit to main-
tain a high average percentage of modula-
tion (Chapter Five). This feature is often of 
considerable value in practical communica-
tions work where interference conditions re-
quire maximum carrier power level to transmit 
intelligence successfully. Volume compression 
overcomes to some extent the general tendency 
of even the best operators to accentuate or 
otherwise vary the syllabic intensity. This is 
particularly true when talking close to the mi-
crophone, under which conditions slight move-
ments of the head will cause a change in the 
modulation level. 
A practical audio volume compression cir-

cuit functions much like the r.f. automatic 
gain control familiarly employed in super-
heterodyne receivers (§ 7-13). 

In Fig. 1412, the side amplifier and rectifier, 
combined in the 6SQ7 tube, rectifies a portion 
of the voice current. 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 adjust-

ment, an average increase in modula-
tion level of about 7 db. can be se-
cured without exceeding 100 per cent 
modulation on peaks. 
The amplifier proper consists of a 

6J7 first stage followed by a 6L7 am-
plifier-compressor. The 2A3 gilds are 
driven by a 6N7 self-balancing phase 
inverter. The operation of the 2A3s is 
purely Class A, without grid current. 
The amount of compression is con-

trolled 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 
when normal amplification is required. 
The construction of the amplifier 

resembles I hat of the unit shown in 
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g. 1411 — Bot toni view 01 the push-pull Class-A 2A3 speech amplifier witl 
automatic volume compression. The circuit diagram is shown in Fig. 1.112 

Fig. 1401, the tubes and output transformer 
being mounted on the rear edge of a 17 X 4 X 
3-inch chassis to save panel height in relay-rack 
mounting. Looking at the amplifier from the 
front, the 6.17 first amplifier is in the upper left 
corner, with the 6L7 to its right. The 6SQ7 is 
below the 6L7. The 6N7 is followed by the out-
put transformer, the latter being placed in the 
middle of the chassis in order to assist in dis-
tributing the weight evenly. The 2A3 tubes 
and the power-supply and audio output termi-
nals are at the right with the 115-volt male 
plug for filament power at, t be extreme end. 

In the underneath view the input circuit is at 
the left, the grid risistor, RI, and the micro-
phone connector socket being shielded to mini-
mize hum pick-up by the National JS-1 jack 
shield. The lead to the 6J7 grid is shielded, as 
are also the top caps of this tube and the 6L7. 
The volume compressor control, R20, is mounted 
beside the 6J7, and is screwdriver adjusted; a 
midget control should be used, since the space 
is rather limited. The other parts are mounted 

11, 
— C3-1-

as close as possible to the 
points in the circuit to which 
they connect. '['he filament 
transformers should be kept 
well separated from the wir-
ing in the low-level stages, 
particularly that of the mi-
crophone input and the low-
level grid circuits. 

Adjustment of the com-
pressor control is rather crit-
ical. First set R20 at zero and 
adjust the gain control, R6, 
for full modulation with the 
particular microphone used. 
Then advance the compres-
sor control until the ampli-

fier just " cuts off" (output decreasing to a low 
value) on peaks; when this point is reached, 
back off t he 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, t here 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, R6, 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 un-
desirable, and the object of adjustment of 
the compressor control should be to use as 
much compression as possible without danger 
of over-compression. 

4047 
C9 

  25V  

7A> 

itS9„114, 

Output. 

Fig. 1412 — Circuit diagram of the Class-A 2A3 volume-compression speech amplifier. 
C1, C12 — 10-pfd. 50-volt electrolyt- 114, 1113, 1122,1124 — O5 megohm, 3/2- Hu, RI8.R19-0.25 megohm, ./2"-watt. 

5000 ohms, 3/2-watt. 
750 ohms, 10-watt. 
Output transformer to match 
pp. 2A3s to Class-B grid.. 
(LTC PA-53AX). 

Filament transformer, 6.3 
volts, 2 amperes. 

Filament transformer, 2.3 
volts, 5 amperes. 

IC. 

C2, C4, Cg, Cg, Cg, CIO, CH, Cu —0.1-pfd. 400-volt paper. 

Cs, Cs —8-pfd. 450-volt electrolyt-
ic. 

C7 — 0.5-pfd. 400-volt paper. 
RI — 5 megohms, 3/2-watt. 
112, Rs — 1200 ohms, 3/2-watt. 
118, R7 — 2 megohms, 3/2-watt. 

watt. 1121 — 
Rs — 50,000 ohm«, q-watt. R25 — 
Rs, R20 — 0.5-megohm variable. Ti — 
Rs — 0.25 megolun, 1-watt. 
'Ito, 1111, R23 — 0.1 inegohm, 3/2. 

watt. T2 —1112 — 10,000 ohms, M-watt. 
1114 — 1500 ohms, 3/2-watt. Ts — 
Ris, Rio — 0.1 megohni, 1-watt. 
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Data are given for a plate-supply of 300 volts, departures of as much as 50 per cent from this supply voltage will not materially 
change the operating conditions or the voltage gain, but the output voltage will be in proportion to the new voltage. Voltage gain is 
measured at 400 cycles; condenser values given are based on 100-cycle cut-off. For increased low-frequency response, all condensers 
may be made larger than specified (cut-off frequency in inverse proportion to condenser values provided all are changed in the 
same proportion). A variation of 10 per cent in the values given has negligible effect on the performance. 

High-frequency cut-off with pentodes is approximately 20,000 cycles with a plate resistor of 0.1 megohm, 10,000 cycles with 0.25 
megohm, and 5000 cycles with 0.5 megohm. With triode amplifiers, the high- frequency cut-off is well above the audio range. 

Plate 
Resistor 
Megohms 

Next-Stage 
Grid 

Resistor 
Megohms 

Screen 
Resistcr 
Megohms 

Cathode 
Resistor 
Ohms 

1150, 
1500, 
1750, 

Screen 
BY- Pass 
Ad. 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

Cathode 
By-pass 
Ad. 

- 
-- 
- 

- 
- 

- 
- 

Blocking 
Condenser 

ofd. 

Output 
Volts 
( Peak ) 2 

Voltage 

 Gain ' 

6A6, 6N7 
53 

6C5 
(also 

617, 6C6, 57, 
6W7, 7C7 
as triodes)' 

- 

0.1 

0.25 

0.1 
0.25 
0.5 

- 
- 

- 
- 

0.03 
0.015 
0.007 

60 
83 
86 

20 
22 
23 

0.25 
0.5 
1.0 

2650, 
3400, 
4000, 

0.015 
0.0055 
0.003 

75 
87 

100 

23 
24 
24 

0.5 
0.5 
1.0 
2.0 

- 
- 
- 

4850, 
6100, 
7150, 

0.0055 
0.003 
0.0015 

76 
94 
104 

23 
24 
24 

0.05 
0.05 
0.1 
0.25 

- 
- 
- 

2100 
2600 
3100 

3.16 
2.3 
2.2 

0.075 
0.04 
0.015 

57 
70 
83 

11 
11 
12 

0.1 

0.25 

 0.5  

0.1 
0.25 

 0.5  
- 
- 

3800 
5300 
6000 

- 
- 
- 

1.7 
1.3 
1.17 

0.035 
0.015 
0.008  
0.015 
0.008 
0.003 

65 
84 
88  
73 
85 
97 

12 
13 
13 

0.25 
0.5 
1.0 

- 
- 
-- 

9600 
12,300 
14,000 

- 
- 
- 

0.9 
0.59 
0.37 

13 
14 
14 
61 
82 
94 

6C6, 6.17, 6W7, 
7C7, 57 

(pentode) 

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 

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 

2.45 
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 
350 
240 

0.1 - 2120 - 3.93 0.037 55 22 
0.1 0.25 - 2840 - 2.01 0.013 73 23 

0.5 - 3250 - 1.79 0.007 80 25 
6C8G 0.25 - 4750 - 1.29 0.013 64 25 

(one triode 0.25 0.5 - 6100 - 0.96 0.0065 80 26 unit) 1.0 - 7100 - 0.77 0.004 90 27 
0.5 - 9000 - 0.67 0.007 67 27 

0 5 1.0 - 11,500 - 0.48 0.004 83 27 
2.0 - 14,500 - 0.37 0.002 96 28 

0.1 - 1300 - 5.0 0.025 33 42 
0.1 0.25 - 1600 - 3.7 0.01 43 49 

0.5 - 1700 - 3.2 0.006 48 52 

6F5, 6SF5, 
784 0.25 

0.25 
0.5 

- 
- 

2600 
3200 

- 
- 

2.5 
2.1 

0.01 
0.007 

41 
54 

56 
63 

1.0 - 3500 - 2.0 0.004 63 67 
0.5 - 4500 - 1.5 0.006 50 65 

0.5 1.0 - 5400 - 1.2 0.004 62 70 
2.0 - 6100 - 0.93 0.002 70 70 

0.05 - 1020 - 3.56 0.06 41 13 
0.05 0.1 - 1270 - 2.96 0.034 51 14 

6F8G (one 
0.25 - 1500 - 2.15 0.012 60 14 

0.1 - 1900 - 2.31 0.035 43 triode unit), 14 
6J5, 6.15G, 0.1 0.25 - 2440 - 1.42 0.0125 56 14 
7A4, 7N7 0.5 - 2700 - 1.2 0.0065 64 14 

0.25 - 4590 - 0.87 0.013 46 14 
0.25 0.5 - 5770 - 0.64 0.0075 57 14 

1.0 - 6950 - 0.54 0.004 64 14 

0.05 - 1740 - 2.91 0.06 56 11 5 
0.05 0.1 - 2160 - 2.18 0.032 68 125 

0.25 - 2600 - 1.82 0.015 79 125 

0.1 - 3070 - 1.64 0.032 60 125 
6L5G 0.1 0.25 _ 4140 - 1.1 0.014 79 13 5 

0.5 - 4700 - 0.81 0.0075 89 13 5 

0.25 - 6900 - 0.57 0.013 64 135 
0.25 0.5 - 9100 - 0.46 0.0075 80 135 

1.0 - 10,750 - 0.4 0.005 88 135 

, Value for both triode sections, assuming both are working under sense conditions. In phase inverter service, the cathode resistor 
should not be by-passed. 
• Voltage across next-stage grid resistor at grid-current point. 
r At 5 volts r.m.s. output. 
t Screen and suppressor tied to Plate 
At 4 volts r.m.s. output, 
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TABLE I - RESISTANCE-COUPLED VOLTAGE AMPLIFIER DATA - Continued 

6R7, 6R7G, 
7E6 

Plate 
Resistor 
Megohms 

Ne 1-Stage 
Grid 

Resistor 
Megohms 

Screen 
Resistor 
Megoh ms 

Cathode 
Resistor 
Ohms 

Screen 
By-Pass 
edd. 

Cathode 
By-Pass 
pfd. 

Blocking 
Condenser 

Mid. 

Output 
Volts 

(Peak)' 

Volt.» 
Gain' 

0.05 
0.05 
0.1 
0.25 

1600 
2000 
2400 

0.1 

0.25 

0.1 
0.25 
0.5 

0.25 
0.5 
1.0 

2900 
3800 
4400 

2.6 
2.0 
1.6 

1.4 
1.1 
1.0 

0.055 
0.03 
0.015 

0.03 
0.015 
0.007 

50 
62 
71 

52 
68 
71 

9 
9 
10 

10 
10 
10 

6300 
8400 

10,600 

0.7 
0.5 
0.44 

0.015 
0.007 
0.004 

54 
62 
74 

10 
11 
11 

6S7 

0.1 
0.1 
0.25 
0.5 

0.59 
0.67 
0.71 

0.25 

0.5 

6SC7 

65.17 

6507, 686G, 
786, 2A6, 75 

0.1 

0.25 

0.25 
0.5 
1.0 

0.5 
1.0 
2.0 

430 
440 
440 

1.7 620 
1.95 650 
2.1 700 

3.6 
3.9 
4.1 

0.077 
0.071 
0.071 

0.058 
0.057 
0.055 

8.5 
8.0 
8.0 

0.0167 
0.01 
0.0066 

57 57, 
73 78' 
82 89' 

6.0 
5.8 
5.2 

0.0071 
0.005 
0.0036 

54 
66 
76 

98b 
122' 
136, 

1000 
1080 
1120 

0.04 
0.041 
0.043 

0.1 
0.25 
0.5 

0.25 
0.5 
1.0 

0.5 

0.1 

0.5 
1.0 
2.0 

7501 
9301 
10401 

14001 
16801 
18401 

4.1 
3.9 
3.8 

0.0037 
0.0029 
0.0023 

52 
66 
73 

0.033 
0.014 
0.007 

35 
50 
54 

0.012 
0.006 
0.003 

45 
55 
64 

136, 
1626 
1746 

29 
34 
36 

39 
42 
45 

23301 
29801 
32801 

0.25 

0.5 

0.1 

0.25 

0.5 

6110 

0.1 

0.25 

0.5 

56, 76 

0.05 

0.1 
0.25 
0.5 

0.35 
0.37 
0.47 

500 
530 
590 

0.006 
0.003 
0.002 

50 
62 
72 

0.10 
0.09 
0.09 

11.6 
10.9 
9.9 

0.019 
0.016 
0.007 

72 
96 

101 

45 
48 
49 

67 
98 
104 

0.25 
0.5 
1.0 

0.89 
1.10 
1.18 

0.5 
1.0 
2.0 

2.0 
2.2 
2.5 

850 
860 
910 

1300 
1410 
1530 

0.1 
0.25 
0.5 

- 1900 
- 2200 

2300 

0.25 
0.5 
1.0 

0.5 
1.0 
2.0 

0.1 
0.25 
0.5 

0.25 
0.5 
1.0 

- 3300 
- 3900 
- 4200 

5300 
- 6100 

7000 

0.07 
0.06 
0,06 

0.06 
0.05 
0.04 

8.5 
7.4 
6.9 

0.011 
0.004 
0.003 

79 
88 
98 

139 
167 
185 

6.0 
5.8 
5.2 

0.004 
0.002 
0.0015 

64 
79 
89 

200 
238 
263 

4.0 
3.5 
3.0 

0.03 
0.015 
0.007 

31 31 
41 39 
45 42 

2.7 
2.0 
1.8 

0.015 
0.007 
0.004 

42 
51 
60 

1.6 
1.3 
1.2 

0.007 
0.004 
0.002 

47 
62 
67 

1950 
2400 
2640 

3760 
4580 
5220 

2.85 
2.55 
2.25 

0.0245 
0.0135 
0.008 

1.57 
1.35 
1.23 

0.5 6570 1.02 
1.0 8200 0.82 
2.0 9600 0.70 

0.05 
0.1 
0.25 

2400 
3100 
3800 

0.1 

0.25 

0.1 
0.25 
0.5 

4500 ' - 
6400 - 
7500 - 

0.25 
0.5 
1.0 

0.012 
0.0075 
0.005 

44 
58 
64 

48 
53 
56 

58 
60 
63 

27' 
326 
336 

57 37" 
69 40' 
80 41" 

0.008 
0.0055 
0.004 

62 42, 
77 435 
86 44, 

2.8 
2.2 
1.8 

0.08 65 
0.045 80 
0.02 95 

8.3 
8.9 
9.4 

1.6 
1.2 
0.98 

0.04 
0.02 
0.009 

74 
95 

104 

11,100 - 0.69 
15,200 0.5 
18,300 0.4 

0.02 I 82 
0.009 96 
0.005 108 

9.5 
10.0 
10.0 

10.0 
10.0 
10.0 

Value For both ri Die sections, assuming both are working under same conditions. ln phase inverter service, the cathode resistor 
should not be by-passed. 
1 Voltage across next-stage grid resistor at grid-current point. 
1 At 5 volts r.m.s. output. 
Screen and suppressor tied to plate. 

5 At 4 volts r.m.s. output. 
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TABLE II - CLASS-B MODULATOR DATA 

Class-B Fil. 
Tubes (2) Volts 

Plate 
Volts 

RK59, 6.3  

HY607 6.3 

HY65"  6.3  
801-A/801 7.5  
HY31Z" 6.3 

HY1231Z" 12.6 

815" 6.3 

16247 2.5 

HY6L6GX7 6.3 

TZ20  
HY61 /8077  

RK807 

HY69s  

HY1269" 

RK12  

800 

HY3OZ 

807 ,0 

7.5 
6.3 

6.3 

6.3 

12.6 

6.3 

7.5 

6.3 

Grid Peak A.F. 
Volts Grid-to-Grid 
App. Voltage 

500 -17  
300 -22.5 
400 -22.5 
450 
600  -75  
300  0  
400 0 
500 0 
400 -15 
5004 - 15 
400 -16.5 77 
600 -25 106 

64 
63 
57 

Zero-Sig., 
Plate Current 

Ma. 

16 
75 
75  

Plate Current 
Ma.' 

Load Res. 
Plate-to-Plate 

Ohms 
Driving Power 

Waits' 

313 

Max.-Sig.' 
Power Output 

watts' 

320 
104 
140 
131 

6o6° 

400 -25 80 
500 -25 80 
800 0 160 
400 -25 80 
500 -25 80 
600 -30 80 
300 -25 106 
400 -25 145 
600 -35 183 
500 -25 120 
750 0 129  
750 -40 320 
1000 -55 300 
1250 -70 300 

20 
26 
36 
22 
20 
75 
42 

90 
120 
120 
125 
130 
100 
150 
150 
150 
150 
150 
180 
230 
230 
136 
230 
230 
200 
150 
170 
120 
200 
200 
210 
160 
130 
180 
180 
180 
240 
240 
200 
240 
150 
136 
200 
200 
200 
280 
280 
225 
250 
250 
230 
220 
230 
190 

15,000 
5,000 
6,000 

10,000 
5,000 
5,000 
7,000 
8,000 
6,200 

0.9 
4.0 
3.0 
0.4  
3.0  
1.4  
2.0 
1.8  
0.36 
0.36 
0.4 
1.2 
0.35 
0.6 
1.8 
0.35 
0.6 
0.4 
0.25 
0.4 
0.3 
0.7 
3.4 
6.0 
4.4 
3.4 

30 
22 
30 
34 
45 
18 
40 
51 
42 
54 
36 
72 
60' 
75 
70 
60 
75 
80 
30 
40 
65 
97 

100 
100 
40 
100 
100 
60 
60 
60 
65 
65 
50 
26 
28 
30 
18 
22 
28 

6,000 
7,500 
3,800 
4,550 

12,000 
3,800 
4,550 
6,600 
4,000 
4,000 
4,500 
5,000 
9,600  

600 • 0 
750 0 
850 0 

171 
167 
171 

6.3 400 -25 

1625," 

78 
78 
78 
92 

500 -25 
12.6 600 -30 

750 -32 

HK24 

809 

6.3 

6.3 

830-B 10 

HY4OZ 

RK31 

808 

RK37 

811 

357 

TZ40" 

7.5 

7.5 

7.5 

7.5 

6.3 

5.0 
to 
5.1 

7.5 

RK52 

1000 -29 
1250 -42 
500 -10 
750 -25 

10001 -40 
800 -27 
1000 -35  
750 0 
850 0 

1000 0 
1000 0 
1250 0 
1250 -15 
1500 -25 
1250 -35 
1250 0 
1 soot - 9 
1000 -22 
1250 -30 
1500 -40 
1000 
1250 
1500 

248 
256 
170 
200 
230 
250 
270 
171 
185 
185 
141 
141 
240 
220 

282 25 235 
140 
160 

100 
100 

606° 
30 
24 
ao 
35 
30 
20 
20 
4032 

45 
25 
35 
40 
30 

6,400 
12,500 
21,000 
6,000 
8,000 

10,000 
3,200  
4,240 
6,400 
6,950 

15,000 
21,200 
5,200 
8,400 

12,000 

Ncte 9 
et 

100 
90 
100 
106 
75 
95 

110 
0.2 
0.2 
0.1 
0.2 
4.5 
4.2 
3.5 
4.0 
4.2 
5.0 
6.0 

55 
75 
80 

120 
105 
120 
60 

100 
145 
135 
175 
110 
155 
185 
160 
190 
190 
185 
200 
175 
225 
150 
200 
230 
175 
225 
250 
250 
200 
260 
200 
260 
200 
260 
155 
200 
265 
200 
260 
275 
160 
260 
285 
230 
300 
200 
245 
300 

6,000 
7,600 
6,000 
7,000 
9,000 

Note 9 

te 

11,000 
18,000 
12,700 
18,300 
18,000 
15,000 
18,000  
7,200 
9,600 

12,800 
7,350 

10,000 
12,000 
10,000 

3.7 
4.4 
7.8 
 4.8  
7.2 
3.8 
4.2  

7.5 1250 

203-A 10 

211 10 

838 10 

HK158 

HKS4 

HY51Z 

203-Z 

Z8120 

12.6 

5.0 

1000 
1 250 
1000 
1250 
1000 
1250 
750 
1 250 
2000 
1500 
2000 
2500 
850 
1000 
1250 
1000 
1250  
1000 
1250 
1500 

o 220 
- 4.5 269 
- 9 265 
o 180 

-35 
-45 
-77 
-100 

310 
330 
380 
410 
200 
200 
300 
280 
340 
300 
360 
360 
148 
170 
155 
206 
215 
190 
180 
196 

48 200 
20 I 200 

280 
280 
250 

40 300 
26 320 
26 320 
20 320 
20 320 

5.5 
6.0 
6.0 
7.5 

6,900 
9,000 
6,900 
9,000  
6,900 
9,000 

10 
11 

o° 
106 320 
148 320 

7.5 
8.0 
7.0 
7.5 

-25 
-50 
-90 
-45 
-70 
-85 

7.5 

10 

10 

50 330 
35 225 
30 180 
40 I 198 
24 180 
20 150 

48 2 300 
350 

90 300 

50 68 350 
350 

70 310 

6% 300 296 

4,500 
12,500 
3,200 

16,800 
36,000 
40,000 
5,000 
6,000 

10,000 

17 
10 
10 
5.0 
6.0 
5.0 

o 

o° 
o 

- 4.5 

Note 9 

te 

o 
o 

- 9 

6,200 
8,000 

6.5 
6.75 
5.0 
4.0 
5.0 

6,900 
9,000 

11,200 
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TABLE II — CLASS-B MODULATOR DATA — Continued 

Class-B 
Tubes (2) 

Fil. 
Volts 

Plate 
Volts 

Grid 
Volts 
APP. 

Peak A.F. 
Grid-to-Grid 

Voltage 

Zero-Sig. 
Plate Current 

Ma. 

8005 10 

HF100 10 
to 11 

805 
RK57 10 

828 11 10 

251 

3-C-24 

5.0 

6.3 

1250 —55 
1500° —80 
1500 —52 
1750  —62  
1250 o 
1500 —16 
1700 —120 
2000 —120 
2000 — 80 
1500 — 55 
1000 -- 30 
750 — 20 

290 
310 
264 
324 
235 
280 
240 
240 
270 
230 
210 
205 

ao 
40 
50 
ao 

Plate Current 
Load Res. 

Plate-to-Plate 
Ohms 

320 
310 
270 
270 
400 
400 
248 
270 

8,000 
2,500 

148 
84 
50 
50 
16  80 55,500 
21 94 33,700 

120  15,800 
133 9,200 

Same as 251 

12,000 
16,000 

Max.-Sig. Max.-Sig, 
Driving Power Power Output 

Watts' ' Watts, 

4.0 250 
4.0 300 
2.0 260 
9.0 350 
6.0 300 
7.0 370 
O 300 
O 385  

I 
0.7 110 
0.8  90 
1.2 70 
1.4 50 

6,700 
8,200 

16,200 
18,300 

32 
43 

751 

8003  

100TH 

HD203-A 

HK254 

810 
1627 

5.0 

—10 
5.0 
to 
5.1 

10 1500 
1750  
2000 

5.0 2500 
  3000 
10 1500 
5.0 2000 

1000 — 6,800 
1500 — — — — 10,000 
2000 — — —  — 12,500 
1350 —100 480 ao 490 6,000 
2000 I Bias adjusted for maximum rated plate dissipation 16,000 
2500 under no-signal conditions 22,000 
3000 Zero bias up to 1250 v. plate 30,000 

36 425 8,000 
— 36 425 9,000 
400 
420 
456 
345 
345 

—40 
—67  
—65 
—80 
—100  
—30 
—50 

50 
50 
40 
80 
60 

260 
248 
240 
500 
420 

200 
300 
400 

- — — 
10.5 460 

May be driven — 380 
by push-pull 460 

6L6s 500 

16,000 
22,000 
30,000 7.0 

400 
Note 12 500 

7.0 328 
7.0 418 

520 

6,600 12    510 
11,000 10 590 

Values are for both tubes 
5Sinusoidal signal values, speech values are approximately one-half for tubes biased to approximate cut-off and 80 per cent for 

zero-bias tubes. 
5 Values do not include transformer losses. Somewhat higher power is required of the driver to supply losses and provide good regu-

lation. Input transformer ratios must be chosen to supply required power at specified grid-to-grid voltage with ample reserve for losses 
and low distortion levels. Driver stage should have good regulation. 

Dual tube. Values are for one tube, both sections. 
5Instant-heating filament type. 
'Intermittent amateur and commercial service rating. 
1 Beam tube. Class AB,. Screen voltage: 300. 
Beam tube. Class AB. Screen voltage: 125 at 32 ma. 

5 Driver: one or two 45s at 275 volts, self-biased ( — 55 volts). 
10 Beam Tube. Class AB-. Screen voltage: 300 at 10 ma. Effective grid circuit resistance should not exceed 500 ohms. 
11 Pentode. Class ABC. Suppressor voltage: 60 at 9 ma. Screen voltage: 750, 4 '43 ma. at 1700 plate volts, 2 /60 ma. at 2000. 
i° Can be driven by a pair of 2A3s in push-pull Class AB at 300 volts with fixed bias. 

41. Class-B Modulators 

Class-B modulator circuits are practically 
identical no matter what the power output of 
the modulator. The diagrams of Fig. 1313 
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 in-
directly heated cathodes are used, the cathode 
should be connected to ground. 

Design considerations for Class-B stages are 
discussed in Chapter Five, and data on the per-
formance of various tubes suitable for the 
purpose are given in the accompanying tables. 
Once the requisite audio power output has been 
determined and a pair of tubes capable of 
giving that output selected, an output trans-
former should be secured which will permit 
matching the rated modulator load impedance 
to the modulating impedance of the r.f. am-
plifier. Similarly, a driver transformer should 
be selected which will properly couple the 
driver stage to the Class-B grids. 
The plate power supply for the modulator 

should have good voltage regulation and must 
be well filtered. It is particularly important, 
in the case of a tetrode Class-B stage, that 

the screen-voltage power-supply source have 
excellent regulation. to prevent distortion. The 
screen voltage slit gild be set as exactly as possi-

Fig. 1413 — module sr cireu t diagrams. Tubes 
and circuit considerations are discussed in the text. 
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bic to the recommended value for the 
tube. 

In estimating the output of the 
modulator, it should be remember,' I 
that the figures given in the tables are 
for the tube out lint only, and do not 
include output-transform. er losses. The 
efficiency of the output transformer 
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 transformers. To be adequate 
for modulating the transmitter, there-
fore, the modulator should have a 
theoretical power capti bility about 25 
per cent greater than the actual pon ti-
needed for modulation. 
The input transformer, T1, may 

couple directly between the driver 
tube and the modulator grids or may 

Fig. 1113 — Chassis-less construction for a kw-i .er Class-B modulator. 
Small tubes and transformers capable of an audio output of doe 'seder of 
100 watts can be mounted directly on the panel, eliminating the chassis. 

be designed to work from a low-impedance 
(200- or 500-ohm) line. In the latter case, 
tube-to-line output transformer must 
be used at the input to the driver 
stage. This type of coupling is recom-
mended only when the driver must be 
at a considerable distance from the 
modulator, since the second trans-
former not only intnn luees addition a 
losses but also further impairs the 
voltage regulation. 
The bias source for the modulator 

must have very low resistance. Bat-
teries are the most suitable source. In 
eases where the voltage values are 
correct, regulator tubes such as the 
V1175-30, VR105-30, etc., may be con-
nected across a tap on an a.c. bias sup-
ply to hold the bias voltage steady 
under grid-current conditions. Gener-
ally, however, zero-bias modulator 
tubes are preferable, not only because 
no bias supply is required but also 
because the loading on the driver stage 
is less variable and consequently 
distortion in the driver is reduced. 

Condenser CI in these diagrams will 
give a " tone-control" effect and filter 

Fig. 1414 — A eoeventional chassis arrangement for low- and 
mellillni-power CL-s-11 nmilula tor stages. 'Ube mechanical layout 
in general follows ; tie typical circuit diagrams given in Fig. 1313. 

out high-frequency side-bands 
(splatter) cal:sell by distortion 
in the modulator or preceding 
speech-amplifier stages. Values 
in the neighborhood of 0.002 to 
0.005 ail. are suitable. Its volt-
age rating should be adequate 

the peak voltage across the 
t 1-t1 I IS former secondary. The 

j ti by- p: , s› '2intdenser in the 
modulated amplifier will serve 
the same piirpt.se. 
The photographs illustrate 

different types of construction 
which may be used for Class-B 
modulators:. The actual place-

meut of parts in filling the requirements of any 
a given unit is not critical. 

Fig. 1 116 — A cl tis arrangement for a hiplier-power Class-B 
modulator. This unit has the filament transf,rmer for the tubes 
mount...I on the chassis. Where the input transformer is included with 
the speech amplifier, less chassis space will he romded. The tubes are 
placed near the rear, where the ventilation is good. The plate milliam-
meter is provided with a small plate os er the adjusting screw, to 
prevent touching the screw accident:ill Presdwood panel was 
used for this modulator; with a metal panel, the meter should be 
mounted behind glass on a well-insulated mount (the meter insula-
tion is not intended for voltages above a few hundred) or connected 
in the filament center-tap rather than in the high-voltage lead. 
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V.H.F. Receivers 
IN ITS essentials most modern receiv-

ing equipment for the 28- and 50-Mc. bands dif-
fers very little from that used on lower frequen-
cies. 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 Twelve are 
capable of working on 28 Mc. In this chapter 
are described 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. a.m. 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 
which can work in the band without undue 
interference. High selectivity also aids greatly 

I•ig. 1501 — A compact 144-Me. receiver built in 
3 X 4 X 5-inch metal box. The detector trimming con-
denser's slotted shaft is on the top, beside the 6.15 detec-
tor (front tube). 'rhe tuning knob, headphone jack and 
regeneration control are to be seen in the front, with the 
"on-off" switch and the antenna terminals on the side. 

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 
non-selective receivers. 

Receivers for f.m. signals usually are de-
signed with less selectivity, so that they can 
accommodate the full swing of the transmitter. 
At least for 28- and 50-Me. f.m. reception, 
however, the h.f. oscillator must be as stable 
as in a narrow-band a.m. receiver. 
The superheterodyne system of reception is 

used almost universally on frequencies below 
54 Mc. because it is the only type that fulfills 
the stability requirements. A.m. superhetero-
dynes and those for f.m. reception differ only 
in the i.f. amplifier and second detector, so 
that a single high-frequency converter may be 
used for either a.m. or f.m. 

Superheterodynes for 50 Mc. should have 
fairly high intermediate frequencies 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 percent-
age of the signal frequency; consequently, the 
response of the r.f. circuits to the image fre-
quency is nearly as great as to the desired 
signal frequency. To obtain discrimination 
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 cir-
cuits is less at 50 Mc. than it is at the lower 
frequencies, chiefly because the tube loading 
is considerably greater, and thus still higher 
i.f.s are desirable. A practical compromise is 
reached at about 10 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-Me. 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 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 disadyan-

316 
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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 
interference to other receivers. To some ex-
tent the lack of selectivity is advantageous, 
since it increases the chances of hearing a 
call even though transmitter and receiver 
may have drifted in frequency between con-
tacts. To reduce radiation, the detector should 
be operated at the lowest plate voltage that 
will give satisfactory superregeneration; means 
for controlling regeneration is essential in 
any superregenerative receiver. 

Although superheterodynes can be built to 
work successfully on 144 Mc., up to now the 
superregenerative type of receiver has been 
much more widely used. The superregenerator 
has the advantages of low cost and good 
sensitivity, but its selectivity does not com-
pare with t hat of t he superheterodyne. 
From a practical aspect, superregenerative 

receivers may be divided into two general 
types. In the first the quenching voltage is de-
veloped by the detector tube functioning as a 
"self-quenched" oscillator. In the second, a 
separate oscillator t ube is used to generate t he 
quench voltage. Self-quenched superregenera-
tors 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 
particular circuit has led to correct operating 
conditions. Time spent in minor adjustments 
will result in a smooth-working receiver. 

Fig. 1502 — I risit le 
the small 1-I l-Nle. 
superregenerati ve 
receiver. This left-
hand view shows 
how the tuning-loop 
assembly, regenera-
tion control and 
headphone jack are 
mounted on one of 
the end panels, and 
also illustrates the 
placement of some 
of the parts not visi-
ble in the other 
views. The power. 
supply plug and the 
loudspeaker binding 
posts may be seen at 
the rear of the chassis. 
The side panel which 
carries the antenna 
coupling loop and the 
send-receive switch 
is shown at the left, 
partially dismantled. 

• 

EJ. A Simple Superregenerative Receiver 

One variety of simple superregenerative re-
ceiver is pictured in Figs. 1501 through 1504. 
As shown in the wiring diagram, Fig. 1504, a 
6J5 superregenerative detector is followed by 
resistance-coupled 6J5 and 6F6 audio stages. 
The detector circuit departs from the orthodox 
in the use of inductive tutting and the resist-
ance coupling to the audio stage. 
The receiver is built in a 3 X 4 X 5-inch 

metal box, one 3 X 4-inch face serving as the 
"front" panel. The panel controls include the 
tuning knob and the regeneration control; the 
headphone jack is also mounted on the panel. 
The power-cable plug is mounted at the rear 
of the box, as ; ire the speaker terminals. The 
"on-off" switch and the antenna terminals are 
mounted on the left-hand side of the box. 
The detector trimmer condenser, C1, is 

mounted on the upper face of the box, so that 
it ran be adjusted from the top of the receiver. 
The quench-frequency r. f. choke, RFC2, is sup-
porte4I from the under side of the upper face of 
the box by a long screw, with a brass sleeve 
over the screw furnishing sufficient spacing 
from the box. This r. f. choke is essential be-
ea use the resistance-coupled amplifiers afford 
but slight at ten tia lion of the quench frequency, 
ainl the quench voltage 01 Itemise would over-
load the output audio tube at relatively low 
signal levels. Where transformer coupling is 
used between the detector and first audio 
stage, the transformer serves to keep much of 
the quench voltage out of the following stages; 
consequently, t lie quench-frequency choke may 
not be tievestrv. 
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Fig. 1503 — A right-hand :dike iew of the simple 14.1- Mc. receiver. 

A soldering lug under emit so,•ket mount it, g 
screw furnishes a ffonvenient ground for flif 
components of tlfat st age. All conniensers and 
resistors are mounted directly to soeket or 
other ttrminals. Au exception 1 he couplir g 
condenser, C6, one side of which must, be ren 
down to the headphone jack with an exttif 
length of wire. The leads running to the toggle 
switch should be made of extra-length flexilnle 
wire so that the side of the box can be remo,-(.. 1 
without unsoldering t he connect ions. All 
wiring should be completed before L1 and L2 
are put in place. 
The detector coil is nannstrueted by wing ling 

the wire around a 1.2-infli diameter drill n,r 
dowel, used as a former. After the ci dl is rr-
moved the ends are trimmed and bent unit il 
ran be. soldered in Have in paper alignment 
with the panel limiting used to support the 
tuning-loop shaft. The plate lead n if the tube 
sorket in connected tri t (if the t ruminer 

Fig. 1504 -- Circuit diagram of do   4.01,nel 

Niel 114-Me. superregenerativ e ir. 

-- air trimmer (II a arlimil 
APC-25). 

( :2 — 50-551d. midget mica. 
Ci, Cs — 0.01-51d. 600-volt paper. 

Cg, C7 — 10-µfd. 25-volt elei•trolv tie. 
Cg — 450-volt electrolv tie. 
Ri — S inegohms, 14 watt. 
R2— 25,000 ohms, 34 watt. 
Rs — 0.25 megohm, 14 watt. 
114 — 1500 ohms, 12 watt. 
R5 — 50,000-ohm wire-wound potentiometer. 
Rs, R7 — 50,000 ohms, I watt. 
Rs — 0.1 megohm, 14 watt. 
lis — 500 ohms, 1 watt. 
Rio -- 2000 ohms, 10-watt wire-sro lllll 1. 
— Clii,ed-circuit jack. 

St — S.p.d.t. toggle switch. 
R 1:C1 - - choke (Olunite Z-1.. 

tat-inh. r.f. choke INlei—aicr . 

1.1 1"3 turns \ o. lit e., diameter. 
1.2 - turn \ o. li e., diameter. 

• g loop (see te• t . 

condenser by means of a short 
length of wire, Li being connectent 
to t he center of titis wire and to t he 
stator connection of the condenser. 
A length of Vi-inch rod pushed 
through t he shaft bearing will 
serve as a guide in soldering the 
coil in place. The axis of the in dl 
shoirld make an angle of 45 degrees 
wit h the shaft. 
The inductive tuning loop is a 

small copper washer cemented to 
the end of a 1¡-inch shaft of in-
sulating material ( Lucite or hake-
lite). The copper washer, acting as 
a single shorted t urn. decreases t he 
r' lint ive inductance of t he coil as 
it becomes more closely coupled, 
find consequently tunes the sys-
tem. The end of the shaft is cut at 
an angle of IS degrees to mount t he 
washer at titi same angle wit Ir re-
spect to the axis of t he shaft. Thus 
1>M-degree rnitation of the shaft 
111111s C. WIWI' washer from a 
position coaxial wit. It the coil to one 
at right angles to it. The copper 

washer is manly by drillinga%-inch hole in a small 
piece of sheet copper and then cutting around 
the hole to form a washer of 7 ' 16-inch outside 
diameter. The ‘yasher is fastened to the angled 
face of t he shaft Inv Duco cernent. Because the 
copper washer is larget t han the shaft, the shaft 
must be pushed t hrough the panel bearing from 
the insin le oft he box. This can be done easily by 
loosertirtg the panel hearing while sliding the 
shaft through. A fiber washer' should be placed 
on the shaft before it is pushed through the 
panel bearing, awl lat er cemented to the shaft 
to serve as a collar which prevents it from 
pulling through t he bearing. 

It is easier to cheek t he performance of the re-
ceiver before t he tuning long) is added. With 
the large trimmer condenser specified there 
should be no difficult v in finding the 144-Me. 
band. The t Timmer suit itug will be at about erre-
(etch lu capacity if 11t1. coil is right. The detector 
should go into t he hiss condition when the re-

eits eJS 6FE, 
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generation control is advanced not 
more t han two-thirds of its travel. 
Several values of capacity should be 
tried at C3, using that which allows 
the detector to oscillate at minimum 
regeneration control setting without 
excessive audio by-passing. 

With the receiver working and 
the tuning loop installed, the tuning 
range can be adjusted by moving the 
shaft in its panel bearing to bring the 
loop nearer to or farther from the coil. 
Moving the loop closer will increase 
the tuning range. The tuning rate 
will be slow with the loop at right 
angles to the coil and faster as the 
loop and coil become more nearly 
coaxial. If the setting is adjusted so 
the receiver tunes from about 143.5 
to 149 Mc., the band will be spread 
over the major portion of the dial. 
Once the shaft position giving the 

right band spread has been found, the 
fiber washer is fastened to the shaft with Duco 
cement. After this is dry, the dial or knob can be 
attached to the outside end of the shaft. Play of 
the shaft in the bearing can be cured by slipping 
two metal washers and a half-slice of rubber 
grommet on the shaft before the dial is at-
tached. The dial set screw should be tightened 
with the shaft pushed out from the inside: the 
rubber grommet then will hold the fiber washer 
tightly against the inside of the panel bearing. 
A paper scale may be glued to the box, 

with the megacycle and half-megacycle points 
marked on it for ease in resetting. 
The antenna coupling should be adjusted 

with the antenna connected. It should be as 
close to L1 as will permit sufficient margin in 
the regeneration-control range to take care of 
low supply voltages and other variables. 

Antenna  

7A4 

Fig. 1506 — A superregencrative receiver with built-in speaker, 
constructed on a standard chassis base as a cabinet. The detector 
trimming condenser is mounted on the left end. The audio gain 
control is at the right of the tuning dial. The regeneration control is 
between the gain control and the 'phone jack and on-off switch. 

Fig. 1505 — Wiring diagram of the 7A4-detector super. 
regenerative receiver with a built-in loudspeaker. 
C1 — 25.jugfd. air trimmer (Ham. 

marlund APC.25). 
C2 — 5 -add. midget variable (Na-

tional UM-15 with 2 stator 
and 2 rotor plates removed). 

C3 — 50-add. midget mica. 
C4 — 0.006-µfd. mica. 
Ca, C7 — 0.01-afd. 600.volt paper. 
Ca, Cs — 10-pfd. 25-volt electro. 

lytic. 
C2 — 13.afd. 450-volt electrolytic. 

1[J, A Superregenerative Receiver with 
Built-In Loudspeaker 

The receiver shown in Figs. 1505, 1506 and 
1507 is built on a 10 X 5 X 3-inch metal 
chassis. The tubes and speaker are mounted 
on one 5 X 10-inch face. One side is used for a 
panel, the opposite side being left clear in the 
event it is desired to operate with the receiver 
resting on this side. 
The antenna terminals and the detector 

padding condenser are mounted on the left-
hand end of the chassis, and the four-prong 
power plug is mounted on the right-hand end. 
The only care necessary in laying out the 
chassis is to mount the tuning condenser and 
the padding condenser so that their respective 
terminals come close together, to make the 

6J5 

RI — 5 megohms, 3/2 watt. 
R2 — 25,000 ohms, 1 watt. 
R3 — 0.5-megohm volume control. 
R4 — 50,000-ohm wire-wound vari-

able. 
113 — 1500 ohms, %¡ watt. 
Ra, R7 — 50,000 ohms, 1 watt. 
Rs — 0.1 megohm, watt. 
Rs — 500 ohms, 1 watt. 
Rio — 2000-ohm, 10-watt w ire-

wound. See text. 

6F6 

J — Closed-circuit jack. 
RFC1 — V.h.f. choke (Ohmite 
RFC2 — 80.mh. r.f. choke. 
Si — S.p.d.t. toggle switch. 
Ti — Pentode output transformer. 
Speaker — 4.inch p.m. type. 
— 19.j" turn. No. 14 enant., 

inch insi,le diameter, spaced 
diameter of wire. 

L2 — 7,3" turn No. 14 cnam., %%inch 
inside diameter. 
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Fig. 1509 — Wiring diagram of the super-
regenerative receiver for 112 and 224 Mc. Ant---
— 5.mpfd. midget variable (National UM. 

15, 4 plates removed). 
C2— 3-30-pmfd. mica trimmer. ' 
C3— 50-nnfd. mica. 
C4— 0.003-pfd. mica. 
Cif, C7 — 10-pfd. 25-volt electrolytic. 
CO — 0.01-pfd. 400-volt paper. 
Bi — 10 megohms, 34 watt. 
Ra — 50,000-ohm wire wound variable. 
113, Re, Re, Ili — 0.1 megohm, X watt. 
114 —. 2500 ohms, 34 watt. 
Ra — 500 ohms, 1 watt. 
J — Closed-circuit jack. 
S — S.p.s.t. toggle switch. 
Ti — Plate to grid interstage audio trans-

former (Thordarson T-57A36). 
RFC4 — 25 turns No. 24 d.c.c., close-wound, 

34-inch diameter. 

RFC2 — 8 mh. r.f. choke. •3V -MK+ 
Li — 1 turn No. 14 e., 3/8-inch ins'de diameter. 
La — 112 Mc.: 3 turns No. 18 e. X-inch diameter, spaced over 

X inch. Tapped 134 turns from plate end. 
224 Mc.: 2 turns No. 18 e., 34-inch diameter, spaced over h 

inch. Tapped at center of coil. 

The coils are mounted on small strips of %-
inch polystyrene (Millen QuartzQ) which have 
three small holes drilled in them corresponding 
exactly with the coil socket. Each coil is ce-
mented to the strip with Duco cement at the 
points where the wire passes through the base. 
The No. 18 wire used for the coils will fit snugly 
in the sockets if the contacts are pinched 
slightly. The coils are trimmed to fit the 
bands by spreading or squeezing the turns 
slightly by the procedure previously described. 
However, in this case the band-set condenser 
gives some further range of adjustment. In the 
receiver as described, it is screwed down fairly 
tightly for the 112-Mc, band and loosened 
about four revolutions for 224 Mc. In the ab-
sence of good marker stations, an absorption 
frequency meter or a Lecher wire system (de-
scribed in Chapter Nineteen) may be used for 
spotting the band limits. 

Two factors which will be found to influence 
sensitivity are the value of C4 and the degree 
of antenna coupling. Values of C4 from 0.001 
to 0.005 µfd. should be tried. The antenna 
coupling will vary greatly with the setting of 
L1 and the type of antenna used; it is well 
worth while to tune the antenna circuit and 
then vary the coupling with the panel control. 
Tight coupling usually will give better results 
than loose coupling. The coupling can be in-
creased almost up to the point where the de-
tector no longer oscillates, with no ill effects 
except increased radiation and possible QRM 
for other receivers in the vicinity. 
An audio volume control could be installed 

in place of the fixed grid resistor, R7, if desired. 
In the original model of this receiver, the value 
of R7 was adjusted until normal loudspeaker 
output was obtained; this value may be varied 
to meet any particular requirements. 

Fig. 1510— Left — A close-up view of the tuning assembly, oho% ing how the leads from the tuning condenser to the 
tube socket have been kept short and how the coil socket is mounted on the tuning condenser. Hidden by the grid 
condenser (the 50-54d. condenser so prominent in the picture), the plate terminal of the tube socket goes to a lug 
which has been added to the rotor of the tuning condenser. Right — The arrangement of parts under the chassis 
may be seen in this photograph. The 6J5 socket is at the left and the 6F6 socket is at the right, near the speaker ter-
minals. The 8-mh. r.f. choke, seen just under the regeneration control at the top center, is supported by tie strip, 
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Fig. 1511 — Front view of the I I I-Mc. 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. 
Outside dimensions of the handmade case are 7 x 55,¡ 
X 4 inches. 

(T. T.R.F. Superregenerative Receiver 

The receiver shown in Figs. 1511, 1512, 
1513, 1514 and 1515 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, affords freedom 
from antenna effects, and — most important 
of all — prevents radiation from the receiver. 
Although the r.f. and detector circuits are in-
dividually tuned, the broad tuning of the r.f. 
stage makes the receiver essentially a single-
dial affair — important in mobile work — and 
the low-priced miniature tubes permit compact 
assembly and low current consumption. Heater 
current is 625 ma. at 6.3 volts, and the total 
plate 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 Cb to the 
6C4 superregenerative triode detector. This in 
turn is transformer coupled to a 604 audio 
stage which drives .the 6AK6 output stage. A 
plate coupling choke, L4, and the coupling con-
denser C12 remove d.c. from the output jack 
J2 and eliminate the possibility of short-
circuiting the plate supply at this point. 
The receiver chassis and partitions are built 

from pieces of 346-inch aluminum held to-
gether at the corners with machine screws and 
strips of Ye inch square brass rod. The overall 
dimensions are 7 by 5 by 4 inches — the chassis 
that mounts the audio components is 4 by 5 
inches with a 13%-inch folded lip. To eliminate 
oscillation in the r.f. stage and radiation from 
the detector, completely separate compart-
ments are used for the r.f. and detector stages. 

These compartments consist of identical boxes 
that measure 1% inches square and 3 inches 
long. The tubè sockets are mounted on the end 
plates, and all of the connections to the sockets 
are made before the boxes are completely as-
sembled. The wire between C6 and L3 runs 
through two Millen 32150 bushings in the walls 
of the two shield compartments. This inter-
connect ion, the only one except for the power 
circuits, is made by running separate leads 
from the condenser and coil through the bush-
ings and then soldering the two ends together 
after the two units are mounted on the front 
panel. 
The detect or tuning condenser, C8, is a regular 
rdwell ZV-5-TS modified by adding a single 

•11.cular plate to the regular two-plate rotor. 
This additional constant •capacity across the 
circuit increases the bandspread and, because 
it decreases the L to C ratio, smooths out the 

utieration so that the regeneration control, 
does not have to be readjusted within the 

144-Mc. band. 
The two r.f. chokes, RFC, are homemade 

affairs wound on 1-watt IRC composition re-
sistors — 0.25 megohm or higher — the in-
sulated type that is 3¡. inch in diameter and 
2 ¡: 2 inches 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 
a single layer of No. 30 d.s.c. is wound on for a 
length of "As inches. No lacquer or dope 
should be used on the winding because of the 
increased distributed rapacit y that will result. 

Fig. 1512 — Rear view of the complete receiver. Nntc 
that the r.f. stage and superregenerative detector cir-
cuit components are in separate completely-enclosed 
compartments, for el ation of radiation. Miniature 
tubes are used throughout, for compactness and low 
current consumption. 
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Fig. 1513 — Wiring diagram of the four-tube t.r.f. superregenerative receiver. Boundaries of shield compartments 
housing rd. and detector stages are shown in dotted lines. 
C1, CS — Split-stator condenser (Card- r — 

well ZV-5-TS). See text. 6 
C7, Ca, C4 — 500-apfd. midget mica. SANS 

C5, C7 — 50-apfd. midget mica. 
Cs — 0.002 pfd.-midget mica. 
Co, CII 10-pfd. 25-volt midget 

electrolytic. 
CIO, C17 — 0.1-4d. paper. 
112 — 1500 ohms, s-watt. 
14, 112, Rs — 100,000 ohms, 3-watt. 
Rs — 3.3 megohms, 34-watt. 
114 — 40,000 ohms, 3'-watt. See text. 
RS — 500,000-ohm potentiometer. 
Its — 2000 ohms, at t. 
Its — 600 ohms, ,14'-‘4att. 
Rio — 50,000-ohm potentiometer. 
1111 — 25,000 ohms, 1 watt. 
Si — S.p.s.t. switch on Rut. 
S2, Si — D.p.s.t. toggle switch. 
Ji - Coaxial socket (Jones S-201). Matching plug 

for antenna is P-101 or P-201. 
.12 — Headphone or speaker jack. 
— 2 t. N-ineh i.d. No. 18 enam. inserted be-

tween turns of L2, at cold end-
1.2- 4 t. 3/5-inch i.d. 9,¡-inelt long, No. 18 tinned. 
1,2- 5 t., center tapped, 3/2-inch long, No. 18 tinned. 

R.f. coupling tap, 1 L, from grid end. 
1.4 — Midget audio or filter choke (Inca D-92). 

When the receiver is completely wired the 
first move should be to check detector opera-
tion. With the 6AK5 in its socket, but with no 
plate or screen voltage applied to it, apply the 
plate voltage to the detector and check for the 
customary hiss. Try the regeneration control, 
R10, to determine whether the detector goes in 
and out of superregeneration smoothly. Some 
variation in values of R3, R4 and Cg may be 
necessary to attain this end, and some 6C4s 
Work better than others in this respot.t. 

Fig. 1514 — Closeup view of the r.f. and superregcn,  
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. 
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1.1 - Midget audio transformer (Thordarson T-13A34). 
RFC — See text. 

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 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. , 
in order that this may be drawn from a regu-
lated source, such as a VR-150. The other pin 
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plexity only by the addition of one or 
two tubes and relatively simple accom-
panying circuits. 
A superheterodyne of this type is 

shown in Figs. 1516, 1517, 1518 and 
1519. A 6J6 miniature twin triode is . 
used as local oscillator and mixer, and 
its high transconductance (5300 
gmhos) and small size make for good 
performance in the 2-meter band. The 
superregenerative second detector is 
6J5 working at 25 Mc., and this is 

followed by a 6J5 for headphone 
output and 6F6 for speaker operation. 
The wiring diagram, Fig. 1518, shows 
no coupling condenser between oscilla-
tor and mixer because stray coupling 
between grid pins at the socket gives 
adequate injection. Since the 6J6 has 

Fig. 1515 — Bottom view, showing audio component arrangemen . a common cathode connection, it 

marked " B -F" (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-
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 operation 
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. A set of medium-
size " B" batteries (135 volts is sufficient for 
good speaker volume) will last through a year 
or more of normal operation. When batteries 
are used, the on-off switch, St-Se, 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 
Rio-R11 bleeder. 

11 A 144-Mc. Superregenerative 

Superheterodyne Receiver 

The ordinary 144-Mc. superregen-
erative receiver is not very selective, 
and often a more selective type of 
receiver is desirable to minimize in-
terference. Furthermore, the radiation 
from a superregenerator can cause an 
annoying type of interference when 
stations are fairly close together. Both 
of these disadvantages can be over-
come by using a superheterodyne. The 
well-known advantages of the super-
regenerator — simplicity, sensitivity 
and economy of tubes and components 
-- can in large part be retained by 
using a superregenerative detector as 
the i.f. system of the superheterodyne. 
Since the intermediate frequency will 
be considerably lower than the signal 
frequency, the selectivity will be in-
creased in proportion: yet the re-
ceiver as a whole is increased in coin-

is necessary to return the grid of the oscil-
lator portion to cathode, and the grid of 
the mixer is returned to ground through RI. 
The mixer plate is by-passed for signal fre-
quency by C4, which also serves to tune the 
primary, L4, of the i.f. transformer. The i.f. 
transformer is adjustable only in the secondary 
circuit, since with just one stage there is no 
tuning requirement other than that the pri-
mary and secondary be tuned to the same 
frequency. A switch, Si, removes the plate 
voltage from the second detector and follow-
ing stages during transmission periods, but 
plate voltage is left on the oscillator (and 
mixer) to avoid drift. This is an unnecessary 
refinement, however, since the oscillator drift 
is considerably less than the band width of the 
i.f. amplifier. 

Fig. 1516— The four-tube 144-Mc. superheterodyne, dressed up 
in a modern cabinet. The large dial is oscillator tuning, and the 
small dial and lock is for mixer tuning. The two knobs control 
regeneration (right) and volume (left). 
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Fig. 1517 — A top view of the receiver shows the construction 
of the inductive-tuning devices used in the oscillator and mixer 
circuits. The tubes along the back, from left to right, are super. 
regenerative second detector, audio and output. 

Inductive tuning of the oscillator and mixer 
circuits is used, by moving a copper vane 
which acts as a low-resistance shorted turn in 
the field of the coil. As the vane is moved into 
the field of the coil, the inductance is reduced. 
No current flows through the insulated shaft 
supporting the vane, and consequently there 
is no " jumping" of frequency such as is caused 
by erratic contact to a condenser rotor. 
The receiver is built to mount in an 8 by 10 

by 8-inch cabinet, but the cabinet is a refine-
ment that is not absolutely necessary. The 
panel, part of the standard cabinet, measures 
8 by 8 inches. The chassis was bent out of 
Mg-inch aluminum and is 6 Yi inches wide and 
7 inches deep. A 23'2-inch lip is bent down at 
the rear and a 1 k-inch lip is formed at the 
front. The front bend is made shorter to avoid 
the lip at the bottom of the cabinet. The chassis 
is held to the panel by the two potentiometers 
(regeneration and volume controls) while a 
3/3-inch square durai bar bolted to the edge of 
the 23-inch lip picks up two screws through the 
bottom of the cabinet to give .a rigid structure. 

Bakelite sockets (Amphenol MIP) are used 
for the octal tubes, and the miniature tube 
socket is the ceramic one made by Eby. A 
metal shield to match the socket also acts as a 
tube lock. The socket is mounted with the No. 
5 pin towards the panel. National FWA bind-
ing posts mounted on National XP-6 poly-
styrene buttons support the mixer, antenna 

and oscillator coils, and allow the coils 
to be changed readily for experimental 
purposes. The antenna and loudspeaker 
leads are brought out to similar posts at 
the rear of the chassis. 
The 3d-inch diameter polystyrene rod 

used for the oscillator tuning vane shaft 
is supported at the panel end by the 
National A dial and at the other by a 
panel bushing mounted in an aluminum 
bracket. The vane is made of a piece 
of thin copper soldered to a brass shaft 
coupling. After soldering the vane to the 
coupling, the copper is cut roughly in 
the form of a straight-line-wave-length 
condenser rotor plate. It can be trim-
tiled up later to give something re-
sembling straight-line-frequency tuning, 
hut this is hardly essential. By moving 
the vane closer to the coil the tuning 
range can be increased, and vice versa. 
The tuning vane for the mixer coil is 
fastened to a piece of Vs-inch polystyrene 
by small machine screws and nuts, and 
the poly is fastened to a shaft which is 
filed flat on one side and tapped for two 
6-32 screws. The shaft is part of an ICA 
No. 1248 panel bearing assembly. A 
Millen 10050 dial lock working against 
the small metal dial prevents any un-
desired change in the position of the 
mixer tuning vane. 
RFC]. and RFC2 are wound on WI-inch 

diameter 1-megohm resistors. A small notch 
is filed at each end of the resistor to keep 
the wire in place, and the wires for the chokes are 
soldered to the leads of the resistor. A 1-watt size 
is used for RFC3 and a 2-watt size for RFC's. 
RFC, is made by mounting a single pie from 
a 2.5-mh. 4-pie r.f. choke on a 1-megohm 1-watt 
resistor similar to that used for RFC2. The 
easiest way to remove the pies from the ceramic 
form on which they come is to melt the metal 
from one end of the choke with a hot soldering 
iron and then force a sharp ice pick or nail 
down the hole in the center of the ceramic form 
until the ceramic splits. The pies can then be 
removed and one mounted on the resistor with 
Duco cement. • 
The If. transformer is wound on a National 

PRE-3 polystyrene form. Two additional small 
holes, 90 degrees apart, are drilled in the form 
between the two windings, arid one lead of C5 
is snaked through to furnish a support for one 
end of the condenser as well as a tie point for 
one end of 14 and the isolating resistor Ra• 

In wiring the receiver, it is convenient to 
wire the heater circuits first. On the metal 
tubes, pins Nos. 1 and 2 are grounded to lugs 
fastened under the screws' holding the sockets 
to the chassis. On the . miniature socket a 
jumper goes from pin No. 4 to the central shield 
of the socket and thence to a lug under one of 
the screws fastening the socket to the chassis, 
on the pin No. 7 side. Some care should be 
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taken in wiring the r.f. components on the 
miniature socket, to insure short leads. One 
connection of 112, 113, C4, C5 and Ct goes to pin 
No. 7. C2 (two condensers in parallel) mounts 
between pin No. 2 and the binding post sup-
porting the grid side of L3, and C3 is mounted 
from this post to pin No. 5. re, C9 and RI re-
turn to the ground lug for the 6.16 heater cir-
cuit tnentioned above. A small tie point is 
used at the junction of RIert and R. 
The two wires from the antenna binding 

posts to the posts sumiorling the antenna coil 
are No. 14 enameled, and further support is 
given them by running them through holes in a 
PRE-3 form. 
Checking of the receiver is best done by 

starting at the output a le I working toward I he 
input. Connect heater vt di age and high voltage 
to check the superregenerative detector opera-
tion. With a speaker or headset clomeeted, 
advancing the regeneration control should 
result in the familiar superregenerative hiss. 
At this point the 105 volts for the mixt:r atol 
oscillator can be connected, because the ad-
justment on C7 should he made with plate 
voltage on the mixer. With the regeneration 
control only slightly beyond the piiint where 
the hiss starts to be heard. adjust C7 for t he 

Ant 

point which requires maximum advancing of 
R7 for oscillation. This brings L5C7 into reso-
nance with L4C4. If it is found that the second 
detector won't oscillate at one very sharp 
setting of C7, the coulding bet ween L.1 aml Là 
is too tight. In Otis event the coils should be 
backed away front each oilier, if possible, or 
else C7 can be denoted slightly. The former 
procedure is preferable. setting of r7 where 
the primary rirenit pulls the th•teet or out of 
oscillation should be quite sharp - - if it isn't, 
the setting isn't right.. When the detector is 
oscillating and C7 is not sot properly, it is quite 
Illoly that t he hiss will also contain sonic un-
ple;e;aili w hi, 11,,,. The e Na 
frequency of the if. Ii- checked on a (tali-
brai oil communications-frequency receiver, ir 
desired, but a frequency check is not essential. 
Wit It the constants given the i.f. will be around 
25 Mc. 

Knowing the i.f, makes it a bit easier to ad-
just the oscillator portion of the 11.111, because 
an absorption wavemeter or Lecher wires eau 
be used to put the oscillator on the right fre-
quency. If one knows the i.f. and has some 
means of ehecking the oscillator frequency, the 
oscillator can be adjusted to give a tuning 
range front 143 Mc. minus I he i.f. to 149 Me. 

6J6 14 Ls 6J 5 

RFC3 RFC4 

cz 2 

cz 
RFC, 

7 

R FC2 

R4 •WVVV-Rs 

C' M C9 R6 
7.7 

V:VW VWW 
R R8 

6J5  l(Cia 6F6 
Speaker 
 -0 

Fig. 1518 — Wiring diagram of the t ll-Mr. superhets 
erodyne. 

Ci — 250-gg fil. mica. 
• — 40-591d. silver mica (two 20sgg (tl. silver  a in 

parallel). 
C3, C4 — 10-pmfil. mica. 
Cr,- 500-jodd. mica. 
CG, C8— 100-jutfd. mica. 
C7 — 4 — 20-japfd. adjustable err:unit. trimmer (Cen-

tralah or Erie). 
CO — 0.002-gfd. mica. 
C10-0.01-pfd. 100-volt paper. 
• CI3 25-ggfd. 25-volt eleetrt tly 
Cia — 0.1.91d. 400-Volt paper. 
— Closed circuit telephone jack. 
— 2 turns No. 12 enam., 1-inch diam., spaced is ire 

diameter. 
1,2— 2 turns No. 12 enam., 1 -inch diam., spared 

twice wire diameter. 
1.3 — 2 turns No. 12 enam., 1-inch diam., spaced to 

occupy Ttj inch. 
• — 16 turns No. 22 enam., close-wound on 9/16-inch 

(liana. form. 

11 
Li 

Li 

cf3 

SI 
 0 + 80V. 

+105% 

To heaters' -.8-0 6 3 V 

.F.43 &NO. 

10 turns No. 22 enans., close-wound on same 
form as /. 1 and spared 3,,(à inch front i.-t. 

11: (1.25 megolun, j-¡-watt. 
11, SI) ohms, 34j-watt. 
it 7,00 olOns, at t 

[11110 oloOS. !/2-%, att. 
/i8 -- 5.11 megoltnes., 4-%att. 

--- 75.0u0 ohms, 1-'2-watt. 
117 — 50,00u-ohm 2-watt potent'  ter. preferably 

m mod. 
its - 50.000 Mum-, 1-matt. 
112 -- 0.5-ntegolum s'dome eontrol. 
Rio -- 2500 Mims, uu-u at t. 
Hit. 1112 — 0.1 tnegt.lum, V¡-watt. 
11113 — 500 ohms, 1- watt. 
111:C1 — 21 turns No. 22 enant., close-wound on .1.1 nett 

diant. form. See text. 
ItrC2— 4R turns Nu,. 22 rnam., close-wound on 1.¡-itich 

diant. form. S., text. 
II FC3 — One pie from 2.5-mh. choke. See text. 

— 80-wit. iron-eore r.f. coke (Meissuer 19-6846). 
Si — S.p.s.t. toggle switch. 
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Fig. 1519 — A view underneath the elia—i,. showing the arratigemen 
of parts. Note the ceramic trimmer ii ii, between the seeom 
detector socket and the i.f. tratwforiner. Tbi, trimmer condenser is 
adjustable from above the chassis. 'l'o the left of the ceramic condenser 
can be seen RFC3, the single-pie r.f. choke. 

minus the i.f. The tuning range is adjusted by 
spacing the turns of L3 and by moving the vane 
on the shaft. Moving the vane closer to the coil 
will increase the tuning range but increases 
the minimum frequency a trifle, and vice versa. 
If a calibrated 144-Mc. superregenerative re-
ceiver or transmitter is available, it can be 
used as a signal source and the oscillator tun-
ing range can be adjusted without knowing 
the i.f. 
The mixer coil and antenna cou-

pling can be checked by listening 
to a weak signal (whose weakness 
is under your control, however), or 
to ignition noises, and it will be 
found that best sensitivity will be 
obtained with quite tight coupling. 
The mixer cirruit will not tune 
sharply, and it is only necessary to 
retrim it when going from one end 
of the 144-Mc, band to the other. 

C, An Acorn--ube Supere-

generative Superheterodyne 

Another superheterodyne re-
ceiver of medium selectivity and 
good sensitivity is shown in Figs. 
1520 and 1521. The circuit appears 
in Fig. 1522. The 955 mixer tunes 
from 144 to 148 Mc., while the 

h.f. oscillator, using a second 955, 
tunes from 123 to 127 Mc. The 
6/107/1852 i.f. amplifier and the 
6J5 superregenerative detector op-
erate on 21 Mc. Transformer cou-
pling is used between the detector 
and the 6J5 first audio stage. The 
output tube which feeds the speaker 
is resistance coupled to the pre-
ceding stage. The power supply 
is a simple choke-input affair with 
a VR105-30 regulator tube con-
trolling the plate voltage of the 
Id. oscillator and mixer stages. 
R2 is the detector superregenera-
t ion control, and R11 is the audio 
volume control. 
Most of the constructional de-

tails are apparent from Figs. 1520 
and 1521. The chassis measures 
3 X 7 X 15 inches. All components 
for the v.h.f. circuits, including the 
tubes, are mounted underneath the 
chassis. In Fig. 1521 the ganged 
tuning condenser, CiC2, is mounted 
near the top. By removing one of 
the two rotor plates originally in 
each section and double-spacing 
the single stator, a tuning rate 
is obtained which spreads the 
144- 148-Mc, band over a good 
portion of the dial. If less band 
spread is desired, the stator plates 
need not be double spaced. 

Immediately above the tuning condenser are 
the two acorn tubes, the oscillator tube being 
nearer to the panel. The self-supporting mixer 
and oscillator coils, L2 and L3, are mounted at 
right angles to each other and soldered to their 
respective condenser terminals. 
The.6AC7/1852 i.f. tube is mounted on the 

chassis. The first i.f. transformer is composed 
of two windings, L4L5, on a 3%-inch polystyrene 
form placed underneath the chassis as close as 

Fig. 1520 — Top view of the superheterodyne receiver. The i.f. am-
plifier tube and output transformer are in the rear right-hand corner. 
The detector and audio tubes are in line to the right. Power-supply 
components and loudspeaker are at the left-hand end of the chassis. 
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possible to the sub- • 
mounted i.f. tube socket 
and at right angles to 
L2 and Lg. No shielding 
of these windings, other 
than that provided by 
the chassis, is necessary. 
The second i.f. trans-

former, L6L7, is built in 
the shield can mountbd 
on top of the chassis. 
The i.f. tuning conden-
ser, C1g, is mounted in-
side the shield and is 
adjusted by a screw-
driver inserted in a hole 
in the top of the can. 
The plate lead of the 
6AC7/1852 is kept as 
short as possible and 
shielded to prevent regeneration. All ground 
connections for the i.f. amplifier are brought to 
a single point on the metal ring holding the 
socket to the chassis. Particular care should 
be exercised in grounding the can shielding 
the second i.f. transformer. 
The 6.15 superregenerative detector is at the 

left of the second i.f. transformer. The regen-
eration control, Rg, is located underneath the 

LX 

ii5 V 
A.C. 

955 MIXER 

C. 

C. 955 OSC 

c. r 

r --75 JD 
80 

Tc.. 

C1, C2 — 10 -µµfd. midget variable. 
(See text.) 

Ca, Ce, Cie — 100-ppfd. mid get mica. 
Ct, C7, C15 — 3-30-ppfil. trimmer. 
CS — 50-ppfd. midget mica. 
Cs, CIO, C17 — 0.001-pfd. mica. 
CO 500-ppfd. midget mica. 

0.002-pfd. midget mica. 
Cu, C14 — 0.01-pfd. 400-volt 

paper. 
Clth C20 — 25-pfd. 25-volt electro-

lytic. 
CI9 — 0.05-pfd. 400-volt paper. 
C21 — 0.002-pfd. 400-volt paper. 
C.22. C22 — 8-sifd. 450-volt elec-

trolytic. 
Ri — 20,000 ohms, ›i-watt. 

wwc7LF. L L, 
L. 

Fig. 1521 — Bottom view of the acorn-tube superheterodyne receiver. The two acorn 
tubes are visible above the tuning condenser, near the top of the chassis. 

chassis since it does not require attention once 
it has been adjusted for propel. operation. The 
two audio tubes are in line in front of the de-
tector tube. The audio transformer, T2, was 
mounted outside the chassis because it picked 
up hum in any other position. With a shielded 
transformer this trouble probably would not, 
occur. 
The 

6J5 DET. 
receiver may be lined up with the aid 

of an all-wave receiver or any other 
source which will serve as a signal 
generator. Before aligning the i.f. 
amplifier and adjusting the super-
regenerative detector, the 955 oscil-
lator tube should be removed from. 
its socket and a two-foot length 
of wire attached to the plate lead of the 
mixer tube where it connects to the 

6J5 AUDIO 42 OUTDLT T 59KR. 

Icze Fig. 1522 — Circuit diagram of the acorn-tube 
superregenerative superheterodyne receiver. 

112, 113, 114 10,000 Ohms, Y¡-watt. 
its — 200 ohms, 3/2-watt. 
li 8 — 60,000 ohms, -watt. 
117 — 7000 ohms, 10-watt. 
R — 250,000 ohms, 1-watt. 
119 — 75,000-ohm wire-wound 

ten tiometer. 
RIO — 2000 ohms, 1-watt. 
Rit — 0.5-megohm volume control. 
Ria — 2 megohms, 3/2-watt. 
1113 50,000 ohms, 1-watt. 
1114 — 0.5 megohtn, *watt. 
Ria — 500 ohms, 1-watt. 
Li —4 turns No. 20, 34-inch diam-

eter. 
1,2 — 5 turns No. 12, 34-inch di-

ameter, 1 inch long. 

L3 — 3 turns No. 12, ?A-inch di-
ameter, 34 inch long, tapped 
1 turn above ground. 

Li — 12 turns No. 18, 34-inch 
diameter, close-wound. 

Ls— Same as .L4, spaced 3/16 
inch from ./.4 on same form. 

Ls — 10 turns No. 18, 3% -inch 
diameter, clase-wound. 

L7 — 15 turns No. 18, 34-inch diam-
eter, closewound, spaced 34 
inch from Le on same form. 

141, Lo — 20-henry filter choke. 
Ti — Power transfosiner, 700 volts, 

c.t., 60 ma., with 5- and 6.3-
volt heater windings. 

T2 — Interstage audio transformer. 
Ts — Pentode output transformer. 
RFC-2.5-mh. r.f. choke. 
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top of 14. The regeneration control, R9, should 
be advanced until the 6J5 detector goes into 
superregeneration. If an all-wave receiver is 
used as the test-signal source, it should be 
tuned slowly between 20 and 30 Mc. with its 
antenna attached. At some point between these 
limits the signal from the oscillator in the all-
wave receiver should block the detector. The 
all-wave receiver should then be tuned to ap-
proximately 21 Mc. and the detector adjusted 
to this frequency by listening for a " dead spot" 
as C15 is turned through its range. After this 
initial adjústment, the all-wave receiver should 
be mcived some distance away, its antenna 
disconnected and C15 readjusted on the weaker 
signal. After tuning the input circuit of the i.f. 
amplifier by adjusting C7, Rg should be read-
justed for maximum hiss reduction when the 
test signal is tuned in. 
Next replace the 955 oscillator tube and re-

move the antenna from Lg. Optimum operation 
will be obtained with a detector plate voltage 
of about 20. If direct frequency-measuring 
apparatus for putting the oscillator on 123 to 
127 Mc. is not available, the signal from a very 
low-power 144-Mc, oscillator or a harmonic 
from the oscillator in the all-wave receiver may 
be used as a test signal at the operating fre-
quency. If the signal cannot be heard at some 
point as C2 is tuned, adjust the inductance of 
L3 by squeezing or spreading the turns. The 
coupling condenser, C4, should be set at about 
three-quarters of maximum capacity and ad-
justed for maximum mixer response (minimum 
hiss) when the weak test signal is tuned in. C2 
must be readjusted each time C4 is changed. 
When the right amount of injection has been 
determined, the turns of L3 should be spaced 
so that a 144-Mc, signal is heard with C2 at 
half its maximum capacity. Finally C7 and Rg 
should be readjusted for maximum signal 
response consistent with good quality. 

Fig. 1523 — This 144- and 50-Me. converter, complete 
with self-contained power supply, is mounted in an 
8 X 8 X 10-inch cabinet. Plug-in coils give band-
spread coverage of the 50- and 144-Mc, amateur bands. 

As a last adjustment, the mixer should be 
checked for tracking. Squeeze or spread the 
turns of L2 slightly while tuning in signals at 
144 and 148 Mc. alternately, to determine if 
more or less capacity is required to peak the 
signal. By bending one end of the rotor plate 
of C1, the mixer tuning can be adjusted to 
track over the entire band. 

V.H.F. Converters 

For the amateur who already possesses a 
communioations-type high-frequency receiver 
or even a reasonably good all-wave broadcast 
receiver capable of tuning to either 5 or 10 Mc. 
there is little or no necessity for building an 
elaborate separate v.h.f. receiver, particularly 
for operation on the 50-Mc. band. It is not only 
easier but often more satisfactory to build a 
v.h.f. converter which, in conjunction with the 
already existing receiver, can be used as a 
double superheterodyne. This arrangement is 
particularly successful if the receiver has con-
trollable or broad-band selectivity to permit 
reception of the less-stable signals on the higher 
frequency bands. 
The output transformer for such a con-

verter should be designed to tune to an i.f. 
of either 5 or 10 Mc. (the higher frequency 
being preferable for operation on bands above 
50 Mc.), with a low-impedance secondary. The 
output from the converter may be coupled 
through a low-impedance shielded line to the 
input circuit of the communications receiver, 
in much the same manner as link coupling is 
used between stages in a transmitter. The r.f. 
and mixer circuits of the receiver must be 
tuned to the same frequency as the output 
transformer — 5 or 10 Mc. — which then be-
comes the first i.f. Thereafter the receiver dial 
remains untouched, all tuning being done with 
the converter. The volume control, however, 
will be the gain control on the receiver into 
which the converter works. 

411 A High-Performance Converter 

for 50 and 144 Mc. 
• 

The converter shown in Figs. 1523, 1524, 
1526 and 1527 uses the 9000-series " button" 
tubes. As may be seen from the diagram in 
Fig. 1525, the 9001 r.f. stage is transformer-
coupled to a 9001 mixer. The h.f, oscillator, 
using a 9002, is capacity-coupled to the mixer 
grid through C15. The output circuit (C14, C16 
and L7) tunes to 10.2 Mc., although the con-
verter could be made to work at another i.f. 
with suitable changes in the output circuit and 
oscillator constants. 
As indicated in the diagram, the, screen and 

plate by-pass condensers are returned to one 
cathode lead (the one to which the suppressor 
is connected) while the other lead is grounded 
through a condenser to serve as the grid re-
turn. In the mixer plate circuit a low-drift mica 
condenser, C1g, connected directly from plate 

• 
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to cathode by-passes the signal-
frequency component in the plate 
circuit. This condenser is part of 
the i.f. tuned circuit, and its 
capacity must be included in cal-
culating the inductance required 
at L7. 
The mixer and r.f. tuned cir-

cuits are made as low-e as is 
possible under the circumstances; 
the use of plug-in coils unavoid-
ably introduces some stray capac-
ity that would not be present if 
the circuits were made to operate 
on one frequency only. The tuning 
condensers are cut down to two 
plates each, and have just about 
enough capacity range to cover 
the 50-Mc, band with a little to 
spare. The trimmers are mica 
units operated at nearly minimu in 
capacity, so that the mica is a 
negligible factor in the operation 
of the condenser; for all practical 
purposes, the dielectric is purely 
air. The L/C ratio compares favor-
ably with those commonly attain-
ed in acorn receivers. 
The oscillator circuit is of the grid-tickler 

type, with the tuned tank in the plate circuit. 
The tuned circuit is made higher-e than the 
signal-frequency circuits to improve the stabil-
ity, and as a consequence somewhat more tun-
ing capacity is needed to cover the frequency 
range. The tuning condenser is a 15-add. unit 
cut down to three plates and the trimmer is 
a 25-add. air-dielectric unit. The oscillator and 
mixer circuits are coupled through a small 
homemade condenser, Cir„ tailored to give 
suitable injection of oscillator voltage into the 
mixer grid circuit. 
The oscillator is tuned to the low side of 

the signal frequency on both 50 and 144 Mc., 
to give slightly better oscillator stability. A 
VR105-30 voltage-regulator in the power sup-
ply adds further to the stability of the oscillator. 

The " chassis" on which the converter is as-
sembled is a piece of sheet copper, somewhat 
less than 3% e inch thick, 51A inches long, and 
bent as shown in the photographs. The width 
on top is 13% inches, the height 2 Yi inches, and 
the bottom lip, for fastening to the main 
chassis, is 3%-inch wide. The tubes are mounted 
on top near the bent edge, allowing just enough 
room to insert the socket mounting ring, and 
are 13% inches apart, center to center, with the 
r.f. tube 1% inches in from the rear edge. The 
coil sockets are mounted on the side, 3% inch 
down from the top, so that connections be-
tween the socket prongs and the tuning con-
denser terminals can be made very short. The 
lead from the stator connection on the con-
denser to the grid prong on the tube socket is 
only about WI-inch long. 

In building an assembly of this type it is a 

Fig. 1524 — A titp Oi the arran,1,11 .11t of tubes 
and coil.'. The shaft projecting till. mil.. 111.1111 , ill--- iti ill• bmer left 
is the j. f. transformer lulling conti..I. be pouer tran-II.rnier is sub-
mounted su it does not interfere %sal adjustment of the r.f. tri llll tier. 

practical necessity to do all the wiring before 
the timing condensers are mounted. The inside 
view gives some idea of the arrangement of 
by-pass condensers; the chief consideration in 
placing them is to eliminate leads, insofar as 
possiie. Each stage has its own ground point, 
which, in the case of the r.f. and mixer stages, 
is on the side of the chassis directly below the 
tube socket and the length of the cathode by-
pass condenser away from it. The screws which 
hold the ground lugs in place are threaded into 
the copper, and on the outside also help sup-
port the vertical interstage shields. The oscilla-
tor ground is also on the side but close to the 
cathcide pin, which is grounded directly; the 
plate by-pass condenser, C13, is brought to the 
same point. In the other two stages the ground 
leads from the tuned circuits are strips of thin 
copper, 3%-inch wide; this being used in prefer-
ence, to wire to reduce the inductance. 

Care must be used in making soldered con-
nections on the polystyrene sockets and forms, 
soie the material will soften with flu: applica-
tion of heat. Have all surfaces well cleaned 
before attempting to solder the connections, 
and heat the lugs only enough to get a good joint. 

In assembling the tuning-condenser gang, 
tite screw-on shafts are likely to come loose 
unless they are anchored. Soldering is about 
the inplest scheme. It is important to line up 
the shafts of the three condensers accurately 
SO that the rotors will turn freely. Any twist, 
particularly at the oscillator condenser shaft, 
will tend to bend the rotor out of line slightly 
with respect to the stator, which means that 
the assembly will have bad backlash. Similarly, 
the dial must be lined up accurately with the 
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condenser shafts. First line up the shafts to 
run as true as possible and then fix the stators 
where they want to come on the chassis, using 
shims if neeessary. 

For eleetriistaiie shielding between the r.f. 
and mixer st ages, two baffle plates are used. One 
small plate, not in the photograph, is 
fastened to the side of t he chassis directly op-
posite the tube socket and is soldered to the 
shield cylinder in the center of the socket. It 
effectively shields the grid wiring from the 
plate circuit. and is about an inch square. Since 
it crosses the tube socket and should be placed 
as close to it. as possible, care must Iii- taken to 
see that the socket prongs are bent away so 
they cannot touch it. The other shield is almost. 
all on the outside and is it ' il chiefly to prevent 
electrostatie coupling lit•t ween the r. f. and 
mixer trimmer condensers, which are mounted 
on the shies of the tuning condensers. A trans-
verse shield plate completely boxing off the 
two stages would be bet ter, but it is an awk-
ward job mechanically in view of the necessity 
for assembling the condenser gang. 
No shieliling is required between the mixer 

and oscillat or; in fact., t he stray coupling is too 
small to give good frequeney conversion. The 
trimmer condenser is supported from the top 
of the chassis by a sinall bracket made from 
brass strip, bent to such it. size that the rotor 
connection of the trimmer comes right at tile 
rotor spring on t he t iii g cimdenser, where the 
two are soldered together. A small strip of 
copper is soldered bet i\ een the two sets of 
stator plates, using the st tittered mounting on 
top of the trimmer for it connectiiin. The 
coupling condenser is a small piece of copper 
bolted to the trimmer end plate and bent, to 
face the other soldered mounting. The separa-
tion is about a sixteenth of an inch. 
The vertical shield plates between the coils 

are 2% X 1% inches, with bent-over edges to 
fasten to the side of the chassis. To complete 
the magnetic shielding the end of the mixer 

- 

Rec 

Fig. 1525 — Circuit diagram of the 
high-performance plug-in coil 50-
14.1- Me. converter using 9000 tubes. 

CI, C2 5-pafd. variable (National 
12.111-15 eut down to 2 plates). 

C3. C4 — 3-30-pfd. mica trimmer. 
Cs— 8-apfd. variable ( National 

UM-15 eut down to 3 plates). 
C6, C1G 25-aafil. air trimmer (Ilam-

marlund :WC-25). 
C.7-Cia — 500-mpfil. midget mica. 
Cia 100-apfil.  • .a. 
Ci, — 50-apfd. silvered mica. 
(:i5 — (See test.) 
( : 17 — 0.002-pfil. mica. 
( — 0.01.5f41. ,100-volt paper. 
:19. C20 — 8-fil. -150-v0I4 electrolytic. 
— 50.000 ohms, watt. 

112— 1200 ohms. 1,2 Watt. 
113 -- 10,000 ohms, .1,2 watt. 

6000 ohms, 10 watt. 
1.1-Ls — See mil table below. 
1.7 — 18 turns No. 22 c., close-wound on %-inch form. 

---8Ls  turns similar to L7, at gri ttttt d end of L. 
Lu — Filter choke, 8 henrys, 55 ma. (Thordarson 

T-14C62). 
Ti — Filament transformer, 6.3 volts, 1.2 amperes. 
— Power transformer, 280-0-280 volts, 30 ma. (Thor-

darson tOI. 
Si, S2 — S.p.s.t. toggle switch. 

coil must be boxed in, which is done by a piece 
uf copper in the shape of a shallow U, held in 
place simply by making it fit tightly between 
the vertical shields. This piece must be re-
movable for changing the mixer coil. 
The bottom view shows the arrangement of 

the power supply and the i.f, out put circuit. The 
transformer for t he lai ter is wound on a Na-
tional PRE-3 polystyrene form. It is mounted 
on a bracket to keep it about equally spaced 
from the top of t he chassis and the bottom of 
the eabinet in which the chassis fits. The vari-
ous a.c. and d.c. supply connections from the 
converter are brought to lug strips, as shown; 
cathode resistors for the r.í. and mixer stages 
are mounted where they are readily accessible 
for trying different values. The power-supply 
parts are arranged to fit in t he remaining space. 
The rubber feet at the rear of t Ile chassis give a 
little space for circulation of air, since a fair 
amount of heat is developed by the transform-
ers and regulator tube. 

Alignment of the converter will involve some 
cut-and-try. It is best to line up the set on 50 
Mc, first before tackling the 144-Mc. band. 
The first step is to make the oscillator cover the 
proper range, the object being to spread the 
band over about. 75 per cent of the dial scale. 
With the 10.2-Mc. i.f., the oscillator range, to 
cover 50 to 54 Mc., will be from 39.8 to 43.8 
Me.; this may be checked on another receiver, 
if available. If not., probably it will be necessary 
to use actual signals in the band for the pur-
pose, which also will involve having at least 
the mixer hooked up. With the circuit specifi-
cations given, the oscillator padding condenser 
should be set at about half-scale. The induc-
tance of L5 may be adjusted by closing up or 
opening out the turn spacing, which can be 
done within limits without moving the ends of 
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Fig. 15:6 — Inside the converter unit, showing arrangement of the tuning 
condensers. The layout is quite compact, with leads kept as short as possible. 

the coil. Once the right spacing is secured, the 
turns should be cemented in place. An alterna-
tive method is to make the coil slightly large 
and then cut down its inductance with a 
shorted turn of wire, slid along the coil form. 
The oscillator tickler, L6, should be adjusted 

to give stable oscillation without squegging. 
Squegging is evidenced by a whole series of sig-
nals instead of one and can be cured by reduc-
ing the feed-back, either by using a smaller 
number of tickler turns or by moving the tickler 
further away from the plate coil. Incidentally, 
the oscillator should deliver a steady d.c. note 
when heard on another receiver. For this 
check to mean anything, the receiver used 
must introduce no modulation on incoming 
signals. 
Once the oscillator range is set, the mixer 

should be lined up to match. To do this, place 
the r.f. tube in its socket but connect a resistor 
of a few hundred ohms from its grid to ground, 
instead of using LI. The mixer primary, L4, 
must be in place, since it will have some effect 
on the tuning range of L3C2. Connect the r.f. 
output leads to the doublet posts on the com-
munications receiver, set the latter to 10.2 
Mc. and adjust C16 for maximum hiss, with 
the oscillator tube out of its socket. Then re-
place the tube and, with the oscillator set for 
50 Mc., adjust the trimmer, C4, for maximum 
hiss; reset the oscillator to 54 Mc. and readjust 
C4. If more capacity is needed at C4, the induc-
tance of La is too large; if less, L3 is too small. 
Make an appropriate small change in the coil 
by the means described above and try again, 
continuing the process until C4 peaks at the 
same setting at both ends of the band. 
When this process is finished, C4 should be 

well in the air-dielectric portion of its range. 
Should the movable plate be close to the mica, 
L3 is considerably too small. However, this 
would be accompanied by reduced tuning 
range on C2, and it is doubtful if high padding 
capacity would permit full band coverage. 

The r.f. stage is aligned 
in the same way as the 
mixer circuit. During the in-
itial alignment there should 
be nothing connected to the 
antenna posts. If oscillation 
occurs, reduce the size of 1.4 
until the stage is stable. Some 
trace of regeneration may re-
main (indicated by exaggera-
ted peaking of the r.f. stage) 
but this will disappear when 
any sort of antenna load is 
connected. 
The procedure for the 144-

Mc. coils is similar to that 
for 50 Mc. It is desirable to 
adjust the oscillator coil so 
that the trimmer, C6, does not 
need resetting when changing 
bands. 

COIL DATA 

Band Coil 

Lt 
L2 
L3 
L4 
L5 
Le 

Li 
1.2 
L3 
L4 
La 
L5 

.7.r.....o.f Wire 
lire. Remarks 

144 Mc. 

SO hie. 

11/2  
11/4  
11/4  
17/3 

11/2 
1 

18 
24 
18 
24 
18 
24 

15/141 

taiii 
IA( 

1/2 " from Li 

Ms" from La 

1/2" from L5 

4% 
27/8 
41/2 
27/3 
3% 
27/8 

18 
24 
18 
24 
18 
. 24 

e: 

7/16 
14 

5/35 

1/4 " from 14 

1/2 " from L3 

1/2 " from La 

All coils wound on 3%-inch diameter forma 
(Amphenol type 24-5H, 5-prong). 

Fig. 1527 — The converter power supply occupies the 
right-hand section of the chassis in this bottom view. 
The id. output section is in the upper left-hand corner. 
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11. F.M. I.F. Amplifiers 

As was pointed out earlier in this chapter, an 
f.m. superheterodyne receiver differs from an 
a.m. receiver mainly in that the pass-band of 
the intermediate-frequency amplifier must be 
wider, and in that a limiter and discriminator 
are used instead of a second detector. The 
front end of an f.m. receiver usually follows the 
conventional pattern, and any v.h.f. converter 
can be used for the purpose if its output fre-
quency is that of the i.f. amplifier. 
The f.m. i.f. amplifier employed with the 

converter may be either the i.f. amplifier of a 
standard f.m. broadcast receiver or one built 
especially for the purpose by the amateur 
himself. 

If the i.f. system of an f.m. broadcast re-
ceiver is used, the intermediate frequency 
should first be determined so that the output 
of the converter can be designed to tune to this 
frequency and coupled to the grid of the mixer 
tube of the receiver. The i.f. amplifiers of most 
f.m. broadcast receivers currently in use are 
designed to operate on a frequency in the 
vicinity of 5 Mc. although earlier models may 
be found with i.f.s as low as 3 Mc. In a few 
instances higher i.f.s of the order of 8 to 10 Mc. 
may be encountered. If the output transformer 
in an existing converter does not tune to the re-
quired frequency, it is usually feasible to add 
or remove enough turns from the coil to enable 
it to be tuned to the receiver i.f. A change in 
the h.f. oscillator tuning will also be required. 
For operation on the 144-Mc, band or higher, 

a system of the double superheterodyne type 

Fig. 1528 — A top view of the f.m./a.m. amplifier. Along the rear, 
from left to right, are the input transformer, first 1852 tube, inter. 
stage transformer, second 1852 tube, and second interstage trans-
former. In the second row of tubes, from right to left, are the 6SJ7 
limiter, 6F6 audio output and VR150-30 voltage regulator. At the 
right front is the discriminator transformer, with the 6116 detector 
below it. To the left of the 6136 is the 6SF5 first audio. Output 
terminals, power socket, and 115-volt line cord are on the lower edge. 

may be desirable if the f.m. receiver's i.f. is 
lower than 5 Mc. In that case, a simple 6K8 
oscillator-mixer might be used as an inter-
mediate converter operating on 10 or 20 Mc. 

11 A 5-Mc. F.M. LF. System 

The i.f. amplifier shown in Figs. 1528, 1529 
and 1530 is a broad-band combination affair 
working on 5 Mc. which can be used for either 
f.m. or a.m. reception merely by switching the 
connection to the grid lead of the first audio 
tube from across the discriminator load (for 
Lin.) to the limiter grid resistor (for a.m.). 
With any converter or combination capable 

of working into a 5-Mc, amplifier, this system 
can be used for the reception of a.m. and f.m. 
signals in the 88-Mc, band, a.m. and f.m. ama-
teur signals in the 56-Mc, band, or f.m. and 
a.m. signals in the 144-Mc. band. When opera-
tors of 144-Mc, stations using modulated os-
cillators reduce the modulation percentage and 
thus bring the frequency deviation down to a 
reasonable range, the system constitutes an 
excellent receiver for the reception of modu-
lated-oscillator transmissions. When operated 
with reduced modulation even the smallest 
transceiver will sound many times better; 
moreover, audio power will be saved. 
As shown in Fig. 1529, the two stages of 

high-gain amplification using 6AC7/1852 tubes 
are unconventional only in that resistors are 
used across the transformer windings to widen 
the pass band, and no gain control is included. 
No means of controlling gain is required, be-
cause it is always desirable to work the stages 

preceding the limiter at their highest 
level. 
The limiter stage uses a 6SJ7, with 

provision through a variable resistor, 
R18, to control the plate and screen 
voltage to set the limiting action to 
meet operating conditions. The use of 
a grid leak and condenser, R16 and C7, 
together with the low screen and plate 
voltages allows the tube to saturate 
quickly, even at low signal levels, and 
the tube wipes off any amplitude mod-
ulation (including noise) and passes 
only frequency modulation. For a.m. 
reception, the audio system is switched 
by Su' i to the grid leak, R16, and the 
grid and cathode of the tube are used 
as a diode rectifier to feed the audio 
system. The jack, J, in series with the 
grid leak, is used for plugging in a 
low-range rnilliammeter so that the 
limiter current can be read. The limiter-
current indication is invaluable in 
aligning the amplifier, and the meter 
can be used as a tuning meter during 
operation. 
The discriminator circuit uses a 6H6 

double diode in the conventional cir-
cuit. Audio from the discriminator 
(or from the limiter stage, in a.m. 
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Fig. 1729 — Wiring diagram of the broad-hand 5-Me. f.m/a.m i.f. amplifier. 

CI, C2, Ca, c,, — 
0.01 -µ1-d. 6011-N olt paper. 

C7, Cm, Cu —  100-,pfd. midget mica. 
— 511-ppfil. midget ',lira. 

C12 — 0.001 Al.  let t  a. 
C14, C17 — 10.µfd. 25-volt clec-

trOly tie. 

CI9 16-pfd. 450-volt 
electrolytic. 

RI, R4 — 55,00i) ohms, %-watt. 
112 — 200 ohms, 1/4-watt. 
R3, 116 — 50,000 ohms, !, 4-watt. 
Rs — 300 ohms, wat t.j4- 
117 — 40,000 ohms, j,4-watt. 
Rs, Hu, Rag — 75,000 ohms, 36-

watt. 

It,, 11m, ir, — 0.15 megohm, 34-
watt. 

RI4 — 60,000 ohm., 1•j-watt. 
1113, HI5 — 100 ohms, Li-matt. 
1117 — 25,000 ohms, 10-watt wire-

Wi lllll 1. 

Ills — 3000-011111 Wire-wound po-

tentiometer. 

1113 — 5000 ohms, 10-watt wire-
WOUnd. 

1120 - • 500 ohms, 1 -wat t. 
1121. ({ 23 — 0.25 megolnu, g-watt. 

5000 Ohms, t 2-watt. 
Ii —  vol control. 
— 5- Me. j. C. input transformer 

(see text) (Millen 67503). 

reception) is fed through the volume con-
trol, R25, into a two-stage audio amplifier 
using a 68E5 and 61.6 out put pentode. The 
resistor, Ru, and condenser, C12, in the audio 
input circuit, serve as a combined r. f. filter and 
compensating network to at t i n nee the higher 
audio frequenvies. This is necessary when lis-
tening to 88-Me. broadcast stations. sinee all 
use " predistort ion" (aerented higher fre-
quencies). A 0.0 condenser across the 
output terminals will give furl her high fre-
quency compensation, if necessary. 
The amplifier is built on a 7 X 9 X 2-inch 

chassis. Reference to Figs. 1528 and 1530 will 
show the location of the parts on t he chassis. 
After all holes have been drilled the sockets 
and the transformer should he fastened its 
place on the chassis, leaving off the variable 
resistors, switches, binding posts, jack and 
chokes until after most, of the wiring has 
been done. 

If low-impedance input coupling is to be 
used, as with a converter removed some dis-
tance from the amplifier, the first, i.f. trans-
former must be modified. A link winding is 
made by first winding a short half-inch wide 
strip of paper over the cardboard tubing used 
as a former in the i.f. transformer. Eleven 
turns of No. 30 d.s.c. wire are then close-
wound flat over the center of the paper ring. 
Holding the wire in place with a finger, paint the 
coil with Duco cement to secure the turns in 
place. When the cement ha.s dried, slip the coil 

T2, T3 — 5-Mc. f.m. interstage i.f. 
transformer (Millen 67503). 

—5-Mc. f.m. discriminator 
transformer (Millen 67501 ). 

T5 — 350.0-350-volt 90-ma, power 
transformer with 6.3- and 
5-volt filament windings. 

Lt — 9-henry 85-ma, filter choke 
(ThOrdarson T-13C29). 

L2 — 10-henry 65-ma. filter choke 
(Thoidarson T-13C28). 

Swi — S.p.d.t. switch (Yaxley 
32112-J). 

Swg — S.p.s.t. toggle switch. 
— Closed-circuit jack. 

off the form. The plate and " B-1-" wires may 
be removed from the trimmer condenser in the 
I ransformer, and the wires from the plate coil 
to the trimmer condenser disconnected. By un-
winding and cutting off a turn or two of paper 
from the inside of the paper ring, the 11-tuns coil 
can be slipped easily over the grid coil and fas-
tened in position so that it covers the ground 
end of the grid coil. A piece of paper between 
the grid coil and the ground lead will avoid any 
possibility of t his lead shorting against, the turns 
of the coil when the paper ring is slipped in 
place. The two ends of the link are brought out. 
at the bot tons of the shield can, later to be wired 
to t he input terminals of the amplifier unit. 

It is possible to use the transformer by men•ly 
running the plate lead to the mixer tube in t he 
converter, but this makes it less convenient. to 
use the converter with other i.f. amplifiers 
since it requires soldering and unsoldering 
wires each time a change is made. A long 
lead to the mixer tube also would increase t 
likelihood of stray pick-up of signals near 5 Mc. 
The screen by-pass condensers, C1, C4 and 

Cs, are placed across the sockets to serve as 
partial shields between the plate and grid 
terminals of the single-ended tubes. Tie-points 
are used wherever needed for mounting the 
resistors and condensers. The 6AC7/1852, 6837 
and 6H6 stages are wired first, so that all leads 
carrying r.f. can be made as short and direct as 
possible. The remaining wiring is filled in 
wherever convenient. The leads from the audio 
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Fig. 1.57.30 — A 5.111e. fm./a.m. amplifier complete with power sup-
pl> . Cor, t r ', is on the Trout, from left to right, are the audio volume 
control.- bevitch,and the  •turcoutrol.The f.m./a.m. switch 
is on the end. The jack beside it is for the limiber-current meter. 

volume control, /?•,5, are shielded by a length of 
flexible copper braid. Whenever convenient, 
spare terminals on sockets are used to support 
fixed resistors, condensers, etc. 

With a 5-Mc. signal source, preferably a sig-
nal generator, alignment of the amplifier is an 
easy matter. If no such source is available a 
simple e.c.o. can be built using an ordinary re-
ceiving pentode such as a 6K7, with the grid 
circuit on 2.5 Mc. and the plate on 5 Mc. Or, if 
a converter is available, tune the rular re-
ceiver to 5 Mc., rouple in the converter and 
tune in a strong, eteady signal. The converter 
output can then be transferred to the 
i.f. and the transformers aligned. This is done 
by plugging a 0-1 ma. meter into the jack, ./, 
and tuning the trimmers of the transformers for 
maximum current.. It may he necessary to hunt 
around a bit before the meter shows any indi-
cation, but once it starts to read the rest is 
easy. With a variable-frequency signal source 
the signal is -swung back and forth until some 
indication is obtained, and then the amplifier 
alignment is completed. The Œact frequency of 
alignment, is unimportant provided every stage 
can be tuned .through resonance, which means 
that each trimmer can be adjusted through a 
maximum reading of the tuning meter. With 
the resistors across the circuits, it will be found 
that the transformers tune somewhat broader 
than normal; the correct setting is in the mid-
point of the broad region. Once the if. trans-
formers, 7'1, T2 and T3, are aligned, it should be 
possible to switch Swi to a.m. reception and 
hear signals, or at least noise, provided the 
converter is on 50 or 88 Mc. There isn't much 
noise to be heard on 144 Me. except aut orno-
bile ignition. 

The alignment procedure can be 
carried out with a loudspeaker con-
nected to the 6F6 through an output 
transformer. If no speaker is used at 
t Iris point, however, the output termi-
nals should be shorted; otherwise, the 
61'6 may be injured. The use of a meter 
for alignment is a practical necessity, 
and no attempt, should be made to line 
up the amplifier by ear except possibly 
for only a very rough initial alignment. 

If there is an f.m. broadcast station 
within range, adjustment of the dis-
criminator transformer, 7'4, is a simple 
matter. Switch the amplifier to a. m., 
plug in the proper coils in the con-
verter, and tune in the f.m. station. 
Then switch the amplifier to f.m. and 
tune the trimmers on T4 until the signal 
reappears. This is best done with the 
audio gain almost open and the limiter 
control at about half-scale. Use an in-
sulated alignment tool, to reduce body 
capacity effects, and adjust the trim-
mers until the b.c. signal is clearest and 
loudest. It will be found that the plate-
circuit trimmer will affect the volume 

most, while the diode trimmer will have a 
greater effect on the quality. During this ad-
justment the receiver should be kept tuned 
exactly to the signal, as indicated by maximum 
limiter current. An audio output meter may 
be used to indicate maximum audio output, if 
available, but it is not essential. 

In the event that there is no local f.m. broad-
casting station, the amplifier can be aligned on 
a local amateur f.m. station if it is one with 
good stability and not too much deviation. 
A 144-Mc, modulated oscillator is not recom-
mended unless it is running well under rating, 
because usually it is modulated too heavily 
and also doesn't stay on one frequency long 
enough to allow the amplifier to be aligned 
properly. 

If a stable amplitude-modulated signal, 
modulated by a single tone, is avoidable either 
at i.f. or single frequency, the discriminator 
can be aligned fairly well by first detuning the 
secondary of T4 and, with the signal peak 
through the amplifier as indicated by maxi-
mum limiter current, then peaking the primary 
of T4 for maximum audio output. The sec-
ondary of T4 is then brought into tune, and 
resonance will be indicated by a sharp null in 
the audio output. If the test signal is then 
detuned just enough to bring back the signal 
a bit, the primary of T4 can be trimmed for 
maximum output. Then setting the test os-
cillator back to the frequency that gives maxi-
mum limiter current, the secondary may re-
quire slight trimming to give a null. At this 
second trimming, the discriminator will be 
aligned. 
The final adjustment of the discriminator 

tuning can be checked by tuning in an a.m. 
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signal. If the discriminator is properly tuned, 
the audio output (signal and noise) should 
practically disappear at the point where the 
signal, as indicated by limiter current, is a 
maximum. This is an indication that the dis-
criminator characteristic crosses the axis at the 
mid-resonance point of the amplifier. Tuning 
the signal (by tuning the converter), it should 
be possible to understand the audio output, at 
points either side of this minimum-volunie 
setting. These points should appear symniet rl-
cally on either side of the minimum-volunn, 
point and should have about the same volunic. 
Slight readjustment of the discriminator-trans-
former setting will accomplish this result. 

In using the amplifier it may be observed 
that a.m. signals appear to be louder than those 
from fan. stations, comparing audio volume-
control settings on stations showing equal lim-
iter current. This does not indicate that the 
amplifier is not working properly or t hat more 
audio is obtained on a.m. than from an f.m. 
signal of similar strength. It is, rat her, an indi-
cation that the discriminator characteristic 
should have a steeper slope and that the peaks 
are too far apart. 

The performance of the amplifier on a.m. re-
ception could be improved somewhat by apply-' 
ing a.v.c. to the two 6AC7/1852 tubes, taking 
the a.v.c. voltage from the limiter grid leak 
through the usual filter circuit. However, this 
is an unnecessary refinement if the amplifier is 
intended to be used primarily on f.m. since the 
amplifier should always be run " wide open" 
for f.m. reception. 
The use of an f.m. i.f. amplifier of this type, 

in conjunction with a suitable converter, is 
highly recommended for reception of modu-
lated-oscillator signals such as are common on 
the 144-Mc, and higher-frequency bands. If 
the received station holds down its modnlation 
to the point where the signal just fills the pass 
band of the i.f. amplifier, hest quality and 
signal-to-noise ratio will he obtained. Ilnder 
these conditions weaker signals can be re-
ceived more intelligibly than with lite simpler 
types of receiving systems, and one's receiving 
range can be extended considerably. On the 
50- and 2SMc. bands, the discrimination 
against automobile ignition noise obtained with 
f.m. reception is a definite advantage if one is 
troubled by ignition interference. 



ehapter Sixteen 

V.H.F. Transmitters 
THE very-high frequenry rugii,n is 

generally considered to have its lower fre-
quency limit in the vicinity of the 28-Mc. 
band, and it is also in about this region that it 
becomes desirable to adopt more compact 
methods of construction and to select tubes 
with part ieular care. As the frequency becomes 
higher the length of connecting leads becomes 
more important, because a length of a few 
inches may represent a considerable fraction of 
the operating wavelengt it. Tube interelect o tile 
capacities, as well as the usual stray capait ies, 
must. be given particular at Unduly 
high shunt. capacity in t ire circuit not only may 
reduce the efficiency but also will ultimately 
set the upper limit of frequency at which the 
transmitter can be made to work. For best re-
sults at. very-high frequencies, tubes designed 
to operate well in that region must be used. 
All of these considerations indicate the ad-
visability of building separate r.f. equipment 
for transmission at very-high frequencies. 
rather than attempting to adapt for v.h.f. use 
a transmitter primarily designed for operation 
at ordinary frequencies. 

Transmitter st al , ilit y requirements for oper-
ation in the 50-Mr. hand are the same as for 
the lower-frequency bands. Above 144 Mc. 
there are no restrictions as to frequency sta-
bility except that the whole of the emission 
must be confined within the band limits. 
Modulated-oscillator type transmitters there-
fore can be used above 144 Mc. and, in fart, 
constitute a large proportion of the amateur 
transmitters working in the 144-Mc. and 
higher-frequency bands. However, up to the 
50-Mc, band methods similar to those em-
ployed in the transmitters described in Chapter 
Thirteen are generally used. By proper choice 
of tubes and circuits, crystal control is appli-
cable to 144 Me. as well; this is also true of the 
band at 220 Mc., but the limited use that. has 
been made of this and higher-frequency bands 
has deferred the necessity for a high degree of 
transmitter stability — a necessity that always 
arises once the exploratory period is over and 
a band begins to have substantial occupancy. 

In the v.h.f. and u.h.f. regions, frequency 
modulation as well as amplitude modulation is 
permitted by the amateur regulations. Most of 
the 50-Mc, transmitters shown in this chapter 
are crystal controlled, for use with amplitude 
modulation. However, they can be adapted for 
f.m. by replacing the crystal with excitation 
from a frequency-modulated oscillator similar 
to that described later in the chapter. 

transmitters si n in this chap-
ter are designed for the new v.h.f. and 

frequency allocations. As of the 
date of going to iiress amateurs are op-
erating tent porarii> on I lie prewar 56- to 
60- Ale. hand in lieu of the new assign-
ment fr  50 to 51 Mc.. pending a shift 
of other services to new frequencies. It is 
exiiected that the new 50-111e. hand will 
he opened fin- amateur use early in 1916. 

.As of this writing. a few of the hands 
above 200 Ale. have not yet been released. 
Before pul I ing a t ransm i I ter oui t lie air 
in this frequency range Ire sure to cheek 
the status of the hand you want to use. 

informar  can he secured 
f  • Q.ST or by dropping a postcard to 

West I la r t ford 7, Coon. 

Al iove 300 Me. it is no longer possible to use 
standard types of transmitting tubes with any 
degree of success. Instead, special tubes de-
signed for the ultra- high frequencies must be 
used. Snell tubes have extremely close spacing 
1st inch elements to reduce transit-time ef-
fects, and are constructed with leads having 
virtually no inductance so t hat the circuit is 
not, as a matter of necessity, entirely within 
the tube itself. The problem of making suitable 
tubes has been solved in two ways: by adopting 
the " acorn" type of construction, using minia-
ture tube elements with leads brought out 
through the envelope in as short and direct a 
manner as possible, and by designing tubes of 
the " lighthouse" variety in which larger ele-
ments have disc-type leads of extremely low 
inductance. Acorn tubes, because of their small 
size, are limited to a few watts in power-
handling capacity. The lighthouse or disc-seal 
types are available in sizes capable of handling 
up to 100 watts or so with forced-air cooling. 
Acorn tubes can be made to oscillate at fre-
quencies up to the vicinity of 1000 megacycles, 
while disc-seal tubes will function to about 
twice that frequency. 
Above about 2000 Mc. the most useful pres-

ent, types of tubes are the klystron and the 
magnetron. These are essentially one-band 
devices, the frequency-determining circuits be-
ing an integral part of the tube. Tuning over a 
small frequency range — such as an amateur 
band — is possible, but the tubes are by no means 
independent of frequency in t he sense that tubes 
of more conventional design are independent. 
The newly-opened amateur bands in the ultra-
high and superhigh regions, as yet practically ' 
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totem lored by amateur,. offer possil tin Iuts of 
gnu: iiiterest to t •:. p.rimentally motif Ltd. 

41. A 40-watt A.M.-F.M. 
50-Mc. Transmitter 

Ti-H• transmitter shown in Figs. 1601-1ffl, 
inclusive, has an output of approximately 40 
watts in the 50- Mc. band and is till di .SiZned 

1 hat (tit her frequency or amplitude moduLtion 
may be uset I. Aside from power supplie:-., no 
auxi:iary apparatus is needed for Lin. tt ans-
mission, since t he primary frequency con t rol is 
a variable-frequency 0:-eillat or and a react . trice 
modulator is inducted in the unit. For am 
tude modulation, a modulator having an :uniio 
power output of about, 30 watts is required. 

an alternative to eh•etron-coupled 
control, provision also is made for crystal con-
trol, using a Tri-Let oscillator. As shown in the 
circuit diagram, Fig. 1602, the crystal oscil-
lator and c.c. oscillator have a common plate 
circuit, the frequency bring doubled in this 
circuit in lad h vases. The oscillators are fol-
lowed by a 6 V6 doubler, and this in turn drives 
the final amplifier, an 815. 
The tuned circuits are designed to cov2r it 

*little more than the range required for the 
50-Mc, band so that the transmitter as shown 
can be used to drive a power frequency multi-
plier tripling into the 144-Mc. band. The v.f.o. 
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, atol 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 tie Tri-t et 
circuit works over the saine frequency range 
as the grid circuit of the v.f.o. The common 
oscillator plate circuit t.unes to the second 
harmonic of the range, or from 24 to 27 Mc., 
while the 6V6 doubler output circuit is tunable 
from 48 to 54 Mc. Either oscillator may be 
selected by means of a switch, S2, which closes 

Fig. 160 - 
Front viem i,150. 

e. a. / f. m. 
transmitter. The 
r. f. section of 
unit occupies the 
left-hand por-
tion of the chas-
sis. The VI(.151), 
oSA7 reactance 
modulator, and 
microphone 
(ri, nsfl wilier are 

th,right. Note 
rwutrali,ing 

at 

till . left of the 
815. 

the cal lita le circuit of the desired oscillator 
tube. Tu prevent, any possibilit y of accidental 
frequency modulai ion when amplitude modu-
lation is being used, t three- posit ion swit eh is 
employed, giving a front-panel choice of rit her 
crystal or v.f.o. control for a.m. or c.w., or 
v.f.o. eontrol with f. mn. 

Stability under changes in supply voltage is 
at tained by supplying the v.f.o. screen from a 
VC- 150. This holds the screen voltage at 150 
waen the plate voltage is varied from 150 to 
GOO volts. The cathode current to the oscil-
lator, measured in J2, remains practirally con-
st-ott, when the plate voltage is varied over this 
witle range, and the total frequency shift is 
ottly a few hundred cycles. With variations in 
pl tt e voltage whieh would result from even the 
lit st sttvere line-voltage fluctuations, the fre-
quency shift in the oscillator is only a few 
cycles. 

Other sources of v.f.o. instability are ex-
cessl ve tube anil compiment heating, variations 
in circuit capacity due to non-rigid mechanical 
design, mid interaction because of improper 
plaeement of components. In titis design, oscil-
lator input is held to less than half the rated 
plate dissipat ion of the tube, keeping drift due 
to tills. I irai jug t o a minimum. All circuit com-
ponents are inounted below the chassis, away 
from t he heat given off by the metal tubes, and 
ill such position as to prevent interaction so 
far : is ptissible wit bout. extensive shielding. A 
sits..ered-init•n, fixed condenser is used in parallel 
with the grid coil, and rigid components are 

hroughout. The result of these preeau-
lit its is t v.1.0. whose stability compares favor-
ably with that of the associated crystal oscil-
lator. 

Tile transmitter is built on a 10 X 17 X 3-
ineh 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 68A7 reactance modulator are at the right 
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front, will the VR-150 at the rear, adjacent 
to the ant unna coupling assembly. The crystal, 
crystal oscillator, and v.f.o. are grouped near 
the middle of the chassis, with the doubler and 
final tubes at the left. 
The front panel is a standard 8% X 19-inch 

crackle-finished masonite unit.. The v.f.o. tun-
ing dial is centrally placed, with the oscillator 
and doubler tuning condensers at the left, and 
the a.m./f.m. swit ch and deviation control at 
the right. The final plate tuning knob is above 
the v.f.o. dial, at the left , and t swinging-link 
adjustment is at the right. Jacks, front left to 
right, are J4, .13, "2 and J1. 

R.f. wiring is of No. 16 and 18 tinned wire, 
with other circuits being wired with No. 18 
"push-back." 11.f. leads should be made as 
short and direct as possible, though the balance 
of the wiring may be arranged for neatness. 
The two wires protruding through the chas-

sis close to the 815 are neutralizing " condens-
ers," labeled Cnt 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 is simple and straightforward. 

The tuning range of the v.f.o. should be 
checked first. This may be done with only the 
two oscillator tubes in plave, and t he a.m./f.m. 
own ch on the v.f.o. position. The oscillator 
plate condenser should be tuned for maximum 
r.f. indication in a neon bulb adjacent to Lz, 
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 v.f.o. grid coil. LI, is ex-

tremely critical, and if some pruning of this 

PPPP.Prilí 
Ikaler cet. 

Aot., A C. 

Fig. 1602 — Wiring diagram of 50-111c. a.m./f.m. transmi I ter. 

Ci — 0.01-aftl. 400-volt paper tubular. 
C.2 — 0.0111-5M. 
C3 — 8-ggfd. 1-50-volt electrolytic and 0.005-51d. mies 

in parallel. 
CI, Co — 500-pg61. mica. 
Cs, c7, C9, Cl2, C14, C16, C17, C2I, (:22 — 

mica. 
Cs — 100-apfd. midget variable, screwdriver adjustment 

(Hai lllll arlund A Pt- 100). 
Cs — 50-55 1d. variable. -•- traight-line-frequency- pe 

(I I ammarlund 
Cto — 100-paftl. atol 31)-pail. in parallel (Sickles Silver-

cap). See text. 
Cii — 100-ggfd. mica. 
Cet, Cts — 50-gpfd. variable (Hamm:Mond \l (-5()-S). 
Cla — 50-55 1d. mira. 

—35-ma ftl. per section. split stator (11ammarlund 
MCD-35-M N). 

C112 — New ralifing eapaeity. See text. 
lit — 0.5-megtthtn vtelunte control, switch type. 
112— 750-oltin, 3,j-watt. 
— 50,000-ohm, 32-matt. 

It,, Ro — 0.25-megolim, 3:¡-watt. 
115 — 5000-ohm, 3-wat 
117, lis — 0.1-megoh 3 2-% a la. 
Rs — 5000-ohm, 5-m att. 
Rio — 250-ohm, 1-matt. 
liii — 15,000-ohm, 1-matt. 

1112 — 15.000-olun, 5-m al t. 
li FC2, RFC., — 2.5-m.h. r.f. choke (National 
11-1(111). 

RFC3— 2.5-m.h. r.f. choke, end mounting (National 
li-10O-1 1. 

11 — Open-circnit jark. 
.12. IL, J4 — 1 jack. 
Si, 52, S3 — 3-position, 3-contact rotary switch (Mal-

lory). 
— Switch on deviation control, 11, 

Ti — Single-loam», microphone transformer (Thordar-
S.111 T-83A78). 

T2— 6.3-, oh, .1-amp. filament transformer. 
1.1 — 8 turn- \ ,). 18  " ed. 3.j"-inch diameter, 1-inch 

length. ,, r1 Nat' al I'll i".2 form. 
1.2— 10 turns \ O. 14 t' 32-inelt diameter, spaced one 

diameter-. air-N*0111UL 
1.3 — 4 turns. No. 14 e., I 2-inch diameter, spaced one 

iliit,r. tir.,,  
1.4— 5 turn. each -eetion, No. 14 e., I .j-ineh diameter. 

Adjust spacing for best transfer of energy. See 
text. 

14 — 3 turns each section, No. 12, tinned, 13 t,"-inch 
diameter, spaced one diameter. 

1.6— 2 turns No. 1.1 e., 1-inch a diameter, swinging link. 
See photos and text. 

L7 — 35 turns, No. 24 d.c.c., close-wound on 9/16-inch 
diameter form (National PRE-3). 
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coil is to be avoided it would be advisable to 
make the 50-µmfd. section of C10 an adjustable 
padder condenser, such as a Hammarlund 
APC-50, which can then be adjusted until 12 
Mc. appears at about 90 on the v.f.o. vernier 
dial. The high-frequency limit, 13.5 Mc., 
should then come at approximately 10, giving 
a spread of about 18 divisions for the 14.1-Me. 
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 capacity will be across the tuned 
circuit. 

Operation of the crystal oscillator may next 
be checked. With a 100-ina. meter connected 
through J2, and the a.m./f.m. switch on the 
"crystal" position, adjust the crystal-oscil-
lator cathode tuning, Cs, until the current dips 
sharply, indicating oscillation. This control 
should be set at the point which 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 J3. 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. 

Next the position of the neutralizing wires 
can be adjusted. The 815 plate tuning con-
denser, C20, should be rotated slowly, mean-
while watching the grid current fer any varia-

Fig. 1603 — Under-chas4s view of the 50-Mc. a.m./f.m. transmitter. At the lower 
center are the v.f.o. grid coil and associated components. Over these are the crysta 
and cathode circuit for the 6AG7 crystal oscillator. At the upper right are the induc-
tively-coupled doubler plate coil and final grid coil. The coil and condenser at the 
lower right comprise the plate circuit which is common to both oscillators. The doubler 
plate tuning condenser is at the far right. 

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 X3 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 make 
additional capacity to the tube plates. The 
neutralizing capacity 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 
into J4. The clip at resonance should bring the 
current to about 50 ma. with no load. A 25-
watt lamp connected across the swinging link 
terminals should then give a 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 f.m. 
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 volt,-
age. 

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 

output of the speech 
amplifier should then be 
connected across poten-
tiometer RI, and T1 
may be omitted. In 
eit her case, RI serves as 
a deviation control, the 
swing being adjusted to 
suit the receiver at the 
station being worked. 

In addition to the fila-
ment 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 approximately 
100 milliamperes. 
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Fig. 1604 — Front view of the 300- watt driver-amplifier for 50 
and 144 Mc. The two large dials are the plate tuning controls. The 
small dial at the left adjusts the position of the output coupling link, 
the center dial is the grid tuning control for the final, and the third 
small dial is the tripler grid tuning control. Across the lower center 
are the filament switches and grid current meter jack. 

I 30o-watt Driver-Amplifier 
for 50 and 144 Mc. 

A companion high-power driver-amplifier for 
the 50-Mc, transmitter described in the pre-
ceding section is shown in Figs. 1604 to 1607, 
inclusive. The amplifier uses a pair of 35TG 
tubes in push-pull while the driver, a frequency 
tripler used for 144 Mc. only, is a single 35TG. 
If operation on 144 Mc. is not desired the 
driver may be omitted, in which case every-
thing to the left of terminals B-B in the circuit 
diagram, Fig. 1606, may be ignored. 
Looking at the front-panel view, the two 

large dials are the plate tuning controls for 
both stages. The small dial at the left controls 
thé swinging link, the center dial is the grid 
tuning control for the final stage, and the one 
at the far right is the tripler grid tuning con-
trol. All parts are mounted well back from the 
panel, and lucite rods are used for extension 
shafts. 
The rear view shows thé general 

placement of parts. At the left, at-
tached to the back of the 7 X 17 X 3-
inch chassis, is the jack bar contain-
ing terminals A-A and C-C, into which 
the link from the exciter is plugged to 
furnish drive for either the tripler or 
final. The tripler grid coil, LI, is just 
above the link socket, with the plate 
condenser, C5, and coil, L2, for this 
stage between the tube and the front 
panel. The link between L3 and L2 is 
a plug-in affair, and its socket (which 
is a mechanical mounting only) is be-
tween the tripler plate and final grid 
condensers. Between the grid tuning 
condenser and the final tubes are the 
ganged neutralizing condensers. These 
are triple-spaced midget condensers 
mounted back to back with coupled 
shafts. The final tank condenser is 
mounted as closely as possible to the 
two tubes, at the right. The jack bar 
for the final plate coil and the home-
made swinging link assembly are at 

the far right. All components are 
mounted as close together as possible 
without being so crowded that tubes 
cannot be removed from the sockets. 
When the amplifier is to be used on 

50 Mc. the, switch S1 is left open so 
that the filament of the tripler will 
not light when S2 is closed. The link 
from the exciter is plugged into termi-
nals C-C in the jack bar, which is a 
Millen Type 40205 coil socket. The 
output of the exciter is thus connected 
to the link terminals on the final grid-
coil socket, L3, which is a National 
Type X B-16. The plug-in link is left 
out of its socket, B-B, which is a Mil-
,len Type 33002 crystal socket mount-
ed on a small cone stand-off. 
For operation on 144 Mc., switch Si 

is closed, lighting the filament of the tripler tube. 
The exciter link is inserted at terminals A-A 
on the link jack bar, coupling the exciter to the 
tripler grid coil, LI. The plug-in link which 
transfers the energy from L2 to L3 is inserted 
in its socket, and 144-Mc, coils are inserted in 
the sockets for L3 and £4. 

In order to eliminate the stray capacity and 
inductance usually encountered in any plug-in 
base, the 144-Mc, coils for L3 and L4 are made 
to plug directly into their respective sockets. 
The grid coil, being of No. 12 wire, fits the 
socket contacts; the plate coil is fitted with 
pins removed from an old tube base or plug-in 
coil form. For the same reason, the plug-in link 
terminals on the L3 coil socket are not used for 
144 Mc. 
The final-stage plate ta'illc condenser is made 

from a Cardwell dual neutralizing condenser, 

Fig. 1605 — Rear view of the v.h.f. amplifier unit with 144-Mc. 
coils in place. All components are grouped for minimum lead length. 
Lucite rods are used for extension shafts on all tuning controls. Note 
the plug-in link between the tripler plate coil and the final grid cir-
cuit. Flexible links, for the final grid and output coupling circuits, 
are low-loss 300-ohm line (Ampheuol 21-056). 
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Fig. 1606 — Schematic diagram of the 50 1-18-Me, driver-amplifier using 35T6s. 

Ca, Cs — variable (llantmarlund 11FA-15--E). 
C2, Ca, Cu, Cs, Cu - -  *.a. 

Cg., C13 — 0.0005-µM., 5000- volt, mica. 
— 15- rd. per section. split 

stator ( Ilantuaarlaind 11F-

Qs, CI115-X). — Neutralizing condens-
ers (Cardwell Trimaire, 
2-plate-. triple ,paring). 

C12 — 4.55fr1. per ,erti,.a., - plit 
stator . 1:arduell ED •1-
DU. Srr. tevt. 

Ri — 50000 ohm-, 10- watt. 
112-3000 10- watt. 
iIi — 250 ohm-, Ill- watt. 
RFC', it F3 :1 \ . 1t.f. r.f. choke 

(I )lunitt. Z-I I. 
11FC2 — 10 turns Nr. I I I`., self-supporting, dose 

M I on diameter. 
11FC3— V.h f. r.f. choke (Olunite Z-0). 
Mt — 0-1511 ma. 
1112 — 50 ma. 

— 0 :i00 ma. 
j — Clo-ed circuit jack. 
— Filament transformer. 5 volts. 1 amperes. 

T2 -- Filament transformer. 5 volts, 8 amperes. 
St, S2 — toggle se it eh. 
14-6 turn- No. 18, Il i-Moll di: -ter, 1 3/16 invites 

long, 3- turn end link ( National A11-16, 10-C, 
sutlr t wo turns rene.ved from one (nun. 

1,2— 2 turn- NO. 14 e.. I-inch diameter. spared -inch. 
Link, I.2. l.a - turns so. 14 e., each end. 
Plug-in device is for mechanical mounting adv. 

1.3 50-60 Me. — Same as 1.1, hut with one turn re-

which originally had an insulated flexible 
coupling between the two rotor sectiums„ This 
was removed and a section of 1..¡-incli brass 
rod, t:LoOrd for hiÇ1uI ! Inuit, was inserted in its 
place. A pieep of 1/"¡-inch thick lucite was fitted 
to the hot tom of the condenser assembly and 
serves as a mounting base. The result is a split-
st al or condenser which has sufficiently wide 
spacing to eliminate the danger of flashover, 
yet is extremely romp:wt. 

'Fliere is really no necessity for a plug-in coil 
at LI, inasmuch as it is never changed. but it, 
Was employed to permit the use of a standard 
commercial unit. Two turns were removeil 
front one end, making it essentially an end-
linked coil. The same type of coil ( Natiumal 
AR-16, 10-C) assembly is used fuir tlu. 50- Mc. 
coil for L3. 0110 turn was removed fruini each 

;ig. 1607 — Under-chassis view of the 35TG driver-amplifier. 
S.•parate filament transformers are used for the two stages. '1'he 
dri er tube socket with its two filament r.f. chokes is at the right. 

•1500 

moved from each end of the original   t. 144 
Mc. - 2 turns. No. 12 tinned, ' vinch diame-
ter. straci,1 plug-in base is used — 
coil lead- plug dire,tis into 

1,4 — 50- 60 \le. - 3 turns caeli - ide of center, No. 12 
tinned. 2-inch diameter. 1djust turns spacing 
Sit that low frequency end or range comes with 
tuning condenser at maximum capacity. Base 
i- a Millen 1 s.c -1021r; \ 1 i,Iget plug. 

I Mn'. I turn .... eh - id.. f venter. No. 12 
tinned, stewed to fit hole.: in jack liar ( l dieu  
ti pc 1120T, midget socket). Pins for this roil 
urns be renamed from an ohl tube base or 
plug-in coil form. 

end in this case, a center-linked assembly being 
tivetimi titis point. 

Meters should be provided for reading the 
tripler plate, final grid. and final plate currents, 
as indivated in the circuit diagram, * In mgh 
these meters are not inclulled in t he unit itself. 
The jack on the front panel is for a meter for 
measuring the triplet. grid current. and is nor-
mally used only during initial tuning opera-
tions. 

'Ile final stage should be tuned up on 30 Me. 
first. The exciter link should be pluggml into 
terminal,: on the jack bar, :0“I t iie• 50- Met. 
oeils insurt eel at L3 MILL 011 tile 
eXeil Inn no plate voltage on the amplifier, 
rotate C7 for maximum grid current. Set the 
neutralizing condensers at. maximum capacity 
at td rotate (! 12. .11. 1 lie final-stage plate circuit 

is capai h. of being tuned to resonance 
there will be a pronounced. ( lip in the 
grid current. The neutralizing con-
densers, Co and CH, should then be 
adjusted a sniall annmnt. at a time 
until the dip in grid current, disap-
pears. Power may I In•n be ;tpplied to 
the plate eireuit. If everything is in 
order, t hv ( lip in plate current at res-
onance should bring the plate cur-
rent down to less than 50 ma. The 
amplifier may be loaded up to nearly 
300 ma.. at a plate voltage of 1500 — 
an input 425 watts or more — before 
the plates of the 35TGs show more 
than their normal bright orange 
color. 

Next, tripler operation should he 
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checked. With the exciter on 
48 Mc. and the link inserted 
in the tt•rminals A-A, adjust C1 
for maximum grid current. This 
should be around 20 ma. when 
no plate voltage is applied to 
he tripler. For initial tests 750 
volts is sufficient - the maxi-
tun voltage sin,uld not be 
used until everyt hing is in or-
der. Apply the plate voltage 
and tune ( .5 for resonance, 
which should occur near mini-
mum capacity. As this stage is 
being driven hard, harmonies 
will show up all along tlic line, 
hence t lw output fniquency 
should be checked with 1.echer 
wires or a reliable absorption-
type wave meter. 
When it has been ( let cr-

mined that the out put, is actually the third 
harmonic. or 144 insert the plug-in link 

and the coils for 144 Mc. at La rt1111 

L4. Repeat the process of checking the final 
stage as outlined above for Si) Mc. Some 
change in the setting of the neutralizing con-
densers may be required for complete neutral-
ization at I-14 Mr. ( the setting for t his band 
is much more critical than for 50 Mc.), but 
the adjustment for 144 will usually lw found 
to be satisfactory for the lower frequency 
as well. 

Tests on 1-11 .\ 1(.. should be conducted at a 
lower vuillage t ban is used for 50 Mc. Up to 
2000 vqrlts nay he used at the lower frequency 
after everything is tuned up, hut with the 
somewhat lower efficiency at 144 Mc., 1300 
volts is the recommended maximum. Tuning 
operatit ins should lw conducted at not more 
than I ( too ‘-olts. A load should be kept- coupled 
to the final st-age when high voltages are used, 
lit lierwIse the circuit losses at this frequency 
will cause sufficient- tank circuit lwating to 
melt soldered connections. 

Circuit losses make the dip in plate current 
high (about 100 ma. at 1000 volts) at. 144 Mc., 
but the resonance ( lip is not a t rtte indication of 
perhirmance. f.amp bowls, too, are unreliable 
at t his frequency. The best test is the color of 
the tube plates. If the color does not itch-
(:11 i• greater hea t, than is show, w11„11 150 

watts input is run with no excitation, then 
t lure is no cause to worry about harming the 
t ubes. 

C. A 10-Watt 50-Mc. Transmitter 

The inexpensive transmitter shown in Figs. 
160S, 1609 and 1610 tuses dual- triode 6A6-tylw 
tubes throughout. One section of the first tube 
is usetl : is a crystal oscillator on 6.25 Mc. wlide 
the second half doubles to 12.5 Mr. The two 
sections of the second tube are used as 25- awl 
50- Mc, doublers, aml the t hi rd tube is a push-
pull final amplifier. Capacitive interstage cou-
pling is employed throughout except between 

/(din In Unto view of tir,' I ft-wa t Tat- \ 1.•. tr.trioii t''' I cro,ril-
.tr..r..h.nldur and amplifier tube. are from left t , rigitt. -ttvke 
at the left euh  a the it,. output lcr al, till• right • 

Thl. • llll I l tg eitittritl- : ire arranged ir line : thing the front ss cli if t tie 
'late-voltage terminal., meter • N‘ityll. meter eon:, I 13, ult li c. entrd, and 
the erystabeurrent bulb, mounted in a rubber grut lllll et, are at rear. 

the 50-Me. doubler and the final. 
In the oscillator, parall••1 plate feed permits 

grounding the rotor plati s id the timing con-
denser. Cathoile bias alhovs the t ube tu operate 
at low plate current: it is 111)1 ins(q•-:sary to 
obtain much power from the oscillator. since 
the excitation requiremen'..s of the fir.st doubler 
are low. 
The 12.5- adid 25- Mc. doubler circuits are 

identical ex.k‘pt for Ilte cathode reSiSbir, R2, ill 

the first doubit•r stage. The second doubler has 
no cathode bias. because : is much output as 
possible is desirable to di ive -ill(' 50- Me. dou-
bler. Parallel g-date feed is used in both stages. 
The 50-Me, doubler is series fed etn-jogh an 
mooned plate mill. The coil is made nearly 
self- resonant to transfer maximum mr.iirgy. 

li•ter switching with shunt. resistors (R7 
through H12) provides for measuring the plate 
current ill each stage, alt mg!. t he ast“..er is not 
incorporat ed in tlw trans:nit ter itself. 
The transmit ter is 1(11 ut on a chassi.; measur-

ing 3 X 4 X 17 inches. Th, (,,, iiutur and 
doubler tube sockets : Ire mounded with the fila-
ment prongs toward t lie front of t lie diassis and 
the amplifier socket with its filatment prongs 
facing tlw right end. The crystal socket and 
output terminals earl) arw centet inches 
in fruit' the ends of the chassis. The second-
died tier tuning condenser,. (:%, E mouttet in the 
center of the front wall of the chassis. The 
other variable condensers are liwate••I to the 
left and right, with 2-inch . pacing bvtween 
shaft centers. CI, C2 :Old Ca are supported by 
the chassis w.(.11. but C.iat.d C.. are moanted on 
small ill ii pillars front the upper side of the 
chassis. 'f his :outlining am( tiiment brings t he 
shafts of C., and C.% in line with ie other 
three. 

Wiring to the meter suai eh ies simplified if t he 
swit ch is hie:tactl inches in from the output 
i'titi, 'rids polio is also cot . ve nient to tie supply 
ends of the plate chokes for the first three 
stages, so that these chokes can be mounted 
directly on the switch points. The shunt re-
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Fig. 1609 — This bottom view shows bow the tuning condensers are mounted with respect to the tiihe sockets. The 
self-supporting coils mount directly on the tuning condensers. Filament transformer is in lower left-hand corner. 

sistors should be soldered to the switch con-
tacts before the switch is installed. 
The filament transformer and crystal lamp 

are at the left end of the chassis, in the bottom 
view. The transformer should be kept as far as 
possible to the left so that it will not be near 
the r.f. circuits. The lamp is held firmly in the 
grommet by still leads soldered to its base. The 
plate-supply terminals are out of the way at 
the extreme left end of the base. Two positive 
terminals are provided, so that a modulator 
transformer secondary may be connected in 
the plate lead of the final amplifier. 
The rest of the parts are mounted so r.f. 

leads will be short and direct, particularly in 
the last two stages. The grid connections in the 
amplifier should be made directly between the 
grid prongs of the socket and the stator plate 
terminals of the grid tank condenser. The plate 
prongs and the stator sections of C5 should be 
cross-connected, so that the neutralizing con-
densers, Cg and C7, may be supported by the 

C, 

• 3505 • • 340• 

X • 

Fig. 1610 — Wiring diagram of the 10-watt 6A6 dual 
CI — 50.pidd. variable (Ilaminarlund HF-SO). 
C2 — variable (Ilammarlund 11F-35). 
C3 — 1.3-e‘mfd. variable ( Ilanintarlund IIF-15). 
C4— 50-55M. per section dual variable (Ilammarlund 

11 F1)-50). 
C.5 15-551d. per section dual variable (1Iammarlund 

IlFD.15-X). 
CB, C7 — 3-30-gpfd. mica trimmer (National M-30). 
Cs, CO, CIO — 100-apfd. midget mica. 

Cu, Cu, C14, C15 — 500•11µfd. midget mica. 
RI — 15,000 ohms, 34watt. 
112 — SOO ohms, 1-watt. 
113, R4, 115 — 30,000 ohms, 3A-watt. 
Re — 1000 ohms, 1-watt. 

condenser lugs, as shown in Fig. 1609. This 
gives leads of negligible length and perfect 
symmetry, both of which contribute to good 
neutralizing. Trimmer-type condensers can be 
used for neutralizing since the neutralizing 
capacity required is small and the effective di-
electric is mostly air. The output coupling coil 
has : ts ends soldered to lugs which are held in 
place by the feed-through terminals. The lugs 
will bend as the position of the coil is varied to 
change the coupling. 
Each tank circuit will be in resonance when 

adjusted for minimum plate current to the 
tube with which it is associai ed. The current 
values should be 10, 18, 18 and 40 ma., in the 
order listed, for the first four stages. It is quite 
possible that the values will vary slightly in 
different layouts, but they should be approxi-
mately as given. Tuning of the various tanks 
should be adjusted to obtain maximum output 
from the 50-Mc. doubler, as indicated by maxi-
mum grid current in the final-amplifier grid 

(toe 

triode crystal-controlled 50-Mc. transmitter-exciter unit. 

117. HM, RO, RIO, BII, RI2 — 25 ohms, 3.4-watt. 
RFC — 2.5-mh. r.f. choke (National li.--100). 
— 60-ma, dial light. 

Li — 23 turns No. 22 d.s.c., close wound, 1-inch diameter. 
1.2 — 13 turns No. 22 sal.c., 1 inch long, 1-inch diameter. 
1.3 — 7 turns No. 14, 3%-inch long, 1-inch diameter. 
14-11 turns No. 14, % inch long, 3%-inch diameter. 
— 2 turns No. 12 each side of 1.4, 1-inch diameter, 

center opening 3¡. inch. Turns spaced diameter 
of wire. 

Le-3 turns No. 12 each side of coupling link, -inch 
diameter, center opening ,34 inch. Turns spaced 
dianteter of wire. 

Link — 5 turns No. 12, 3/8-inch diameter, % inch long. 
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leak, R6. If no grid current is obtained, it is 
probably an indication that the coupling be-
tween L4 and L5 is either too tight or too loose; 
this coupling is quite critical, and therefore 
deserves careful adjustment. The amplifier grid 
current should be 25. rna. or more when the 
coupling is optimum:Each time the coupling is 
changed, the grid condenser, C4, as well as 
the preceding tuning condensers should be 
readjusted. 

After a grid-current indication is obtained, 
the amplifier should be neutralized. Plate volt-
age must be removed from the final amplifier 
but the rest of the circuits should be in normal 
operating condition. Start with the plates of 
the neutralizing condensers screwed up tight 
and then back off a full three turns on each 
condenser. This places the neutralizing capaci-
ties at approximately the correct values. Con-
denser Ce, is then rotated through resonance, 
which will be indicated by a kick in the grid 
current. Adjust the neutralizing condensers in 
small steps, turning both screws in the same 
direction and the same amount each time, until 
the grid current remains statimiary when C5 
is rotated. This indicates complete neutraliza-
tion. Betune the grid circuit alter neutraliza-
tion, so that maximum excitation will be se-
cured: also recheck the coupling between L4 
and L5, since neutralization will change the 
load on the driver somewhat. 

Plate voltage may now be applied to the 
amplifier. When the plate tank is tuned to 
resonance, the plate current should fall to 
20 or 25 ma. A load, such as an antenna or 
feeder system or a 10-watt lamp used as a 
dummy antenna, should be connected and the 
coupling adjusted until the plate current 
reaches the full-lotol value of 60 ma. The grid 
current will fall off to 10 ma. or so when the 
amplifier is loaded. 

At the recommended input of 21 watts (60 
ma. at 350 volts), the out put as measured in a 
dummy antenna is something over 10 watts. 
To modulate the transmitter 100 per cent, 

about 11 watts of audio power is required. The 
modulator output transformer must match an 
impedance of .7.):33 ohms (modulated-amplifier 
plate voltage divided by modulated-amplifier 
plate current expressed in amperes). A 6000-
ohm output winding will be close enough to 
provide a satisfactory match. A modulator 
using a Class-B 6A6 makes an excellent com-
panion unit for the transmitter, because it 
maintains the uniformity of tube types. Such a 
unit is described in Chapter Fourteen. A power 
supply capable of delivering 350 volts at 150 
ma. is needed for this transmitter. 
The circuit as shown in Fig. 1610 requires the 

use of crystals having frequencies lying be-
tween 6250 and 6750 kc. for operation in the 
50-54-Mc. band. If preferred, the circuit may 
be changed so that crystals having frequencies 
between 12.5 and 13.5 Mc. may be utilized. 
The crystal and grid leak, RI, may be con-

+350 
Fig. 1611 — Alternat crystal oseillator circuit for the 
transmitter of Fig. In it) s, livn crystals in the frequency 
range 12.5 to 13.7, NI,. are to he t sell. Circuit values cor-
rest d to those giN un in Fig. 1610 except for the screen 
bypass condenser, C, 0.01 aftl., and the screen dropping 
rersis tor, R, 50,000 ohms, 10-watt. 

nected to the grid of the second section of the 
first 6A6, in which case all the components 
associated with the plate circuit of the first 
section of the tube may be omitted. The grid 
and plate of this section may be left idle. This 
procedure converts the second section of the 
tube into a crystal oscillator instead of a fre-
quency doubler. Alternatively, a 6F6 pentode 
crystal oscillator may be substituted for the 
first GAO, using the circuit shown in Fig. 1611. 
The use of the pentode oscillator is recom-
mended because there is less heating of the 
crystal and consequently less frequency drift 
during operation. 

it!, A Low-Power 50-Mc. F.M. Transmitter 

The transmitter shown in Figs. 1612, 1613 
and 1614 will yield a frequency-modulated 
carrier output of approximately 7 watts on 50 
Mc., using a plate power supply delivering 300 
volts. 
A reactance modulator stage, utilizing a 

6SA7 reactance tube to modulate a 6F6 oscil-
lator, is incorporated in the unit, along with a 
microphone input transformer. A single-button 
microphone is sufficient to drive the 6SA7, no 
additional speech amplification being required. 

For complete flexibility and wider utility, 
provision for alternative amplitude modulation 
may be made as well. If it is desired to use 
amplitude modulation, the gain control on the 
reactance modulator should be set at zero and 
the necessary 6 watts of audio connected in 
series to the plate and screen lead of the 7C5 
output amplifier. Used as an Lin. transmitter, 
the entire unit requires 300 volts at about 90 
ma., making it ideal to run from a vibrator 
pack for portable/mobile work. 
A single-button carbon microphone is trans-

former-coupled to the 6SA7 reactance modu-
lator, which is connected across the tank cir-
cuit of the 6F6 e.c.o. A VR150-30 stabilizes the 
voltage across the oscillator and modulator and 
aids materially in keeping the mean frequency 
constant. The grid circuit of the e.c.o. tunes 
from 12.5 to 13.5 Mc. with a slight margin at 
either end of the tuning range, and the plate 
circuit of the e.c.o. is tuned to 25 Mc. by means 
of a self-resonant coil which is adjusted for 

• 
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Fig. 1612 — The complete 50- \le. f.m. transmitter has all r. 1. t'ont toi 
111'10^ 1111,1111it•fl 1111.11 -11" the midi the exception of the o-eillator 
grid coil, hou.ed in the - Itield .iin in ! lie rear renter of the 

The tubes, fr  left to right, are 71...5 output amplifier, 7G7 
doubler, 6E6 e.c.o., 6SA7 reaetance mod.ilator and AR150.30 voltage 
regulator. 

maximum output by squeezing the turns to 
get her or spreading t hein apart. Once at ljust (•• 1, 
it need not be totiehed for any change in lung 
conditions. The 25-Me, output. of the 
drives a 7G7/1232 doubler to 50 Me., whirl, in 
turn drives the ()Winn amplifier. 
With a 300- volt supply. t he 7C5 final-ampli-

fier grid current should la• about 0.6 nia. under 
load for linear aniplitutir modulation. If f.m. 
• is used exclusively, the grid curiv•ut can Is• 
lower with no h;trinful effect other than a 

etic. 

batiery 

650 c F(3 

7 cis RFC. = 

VRISO 

slight decrease in output of the 
amplifier. The 7C5 final amplifier 
is plate ! tent ralized by running a 
length of stiff wire from the plate 
side of the doubler tuning conden-
ser over to a plant near the open 
side of the linal-amplifier 
slat or tuning condenser. The Mt-
'tacit y from Ms Will to the stator 
of I lie et in ! unmet> limy In' malittsttni 
tui ImItt ralize I filml ttnuldilier by 
cut ling t (. nd of the wire, a bit 
at a time. until the plate- tank 
tuning slaiws no reaction on the 
grid current i wit li bot h plate and 
screen voltage off). 
NO y should be elle1/1111-

1O1'1.11 iii atliistittg FallS111i1-

ter Other than setting the t'. (' ii, 

Coils to the proper frequencies. 
The grid coil should be adjusted 
to rover the proper range with 
the reaetance modulator tube in 
the circuit.. The range can be 
varied by pushing tin' turns to-
get hur or spreading tlaem apart, 
while died: big the resulting fie-

queney on a calibrated receiver. The e.c.o. plate 
coil can best, be adjust tu  by reading grid cur-
rent to the final amplifier ( by connerting a 
04 ma, d.c. milliammeter between 118 and 
ground) and adjusting L2 Until tht• 7C5 grid 
current is a maximum with the oscillator set 
at 13 Mc. 
The plate current of the final amplifier will 

be about -15 ma, when the stage is properly 
loaded. The binding is vitrital by changing the 
position of the " swinging link" fastened to the 

7G7/i232 

RIO 
 SWANN*  

Ci2 1CS 

T0 Heaters 1I— e 

I 

6 3 +300 +300 

Fig. 1613 \\ iring diagram of the  plete 50-M,', 7 watt frequency-modulatei transmitter. 

CI — 0.01-g fi. 100-‘ oh miner. N - - Neutralizing condenser (see la - 12 tor so No. 20 e., spaced 
C2 — 3{-µfl, 1.-;11-, oil 411,1 rol tieand text I, to 111 . mily 1 inch on a 1-inelt 

0.005-afd. mica iii parallel. Ht _ 100.000-ohni volume control. iham ' ter form; cathode 
Cl — 0.001-gfd. mica. 112 — 7:30 ohm ,. 12.‘satt. tap :. 3..¿ turn, tip. Plugged 
C.4— 500-agfil.  ' gi. Ra — 0.25 inegolim (not marked in ¡tu tu' -. wise( um udia•-•-i ,. 

G. CO, Cl2 — 100-,odd. Mira. diagram). 14 — 16 turn. No. 20 e., spaced to 
CO — 15-upfil. midget variable R4 — 50,000 ohms, !,4-watt. ocrupy l',, inch,. q 16-

(I lattuttarltand II F.15). I 5 — 5000 oluit,, --watt. ¡tub diameter: self-sup-
C7 — 25-ppfil. sib ered  " it. tr,— 25.000 cairns, 4-watt. is .rting (,ee text). 

C.13 — 0.005-ad. mien. Ud. — 0.1 megolim, 3,-watt. L3 — 4 turn , No. 20 e., 1.. - inch 
Co — 35-ggfil. midget varialdc t. — 73,000 ohms, .4-watt. diameter, Li-inch long. 

(llantinarlund 11F-35). hi — 5000 'duns, 1-watt. L4 — 6 turn. Nu,. I i 1`.. 7 -i tuck 
C14 — 35-mpfd. per section dual tin— 3000 ohms, 10-watt, in-ide diameter, w‘,111111 to 

variable (Cardwell ER-35- ( F('1— 2,3-mit. r.f. choke. oci•opy 1-inelt length, midi 
Al)). 1 El :2 — V.h.f. choke (Ohmite Z-1). ,, ,ineh gap in center for 

CIO — Two 500-gpfd, mira, one at r, - Microphone transformer suinging link of 2 turns No, 
each end of rotor of C14- (Thordarson T-58A37). 14 e., same diameter. 

E6te 
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Fig. 1614— A view underneath 
the chassis of the 50-Mc. f.m. 
transmitter shows the volume 
control at the left, the oscillator 
control at the center, the doubler 
tuning control at the right, arid 
the final amplifier tuning control 
at the side. '1'he micron,  con-
nector is on the left side of the 
chassis, and the four-prong plug 
and flexible mire connect to 
the power supply and in ierophone 
battery, respeetivel>. Note the 
shield between the filial  • 
condenser and the oseillator tim-
ing condenser, to reduce reaction 
between the two circuits, and the 
wire running from the doubler 
tuning condenser to near ti in final 
tank e lenser u huh j un,rd as a 
neutralizing condenser \ in Fig. 
1613). The output conni•cts to two 
binding posts on a Victron strip. 

antenna output binding posts. 
When using f.m. the amount of deviation is 

controlled by the setting of the gain control, 
RI. With the gain control wide open the devi-
ation is over 30 kc. on 53 Mc., which is more 
than adequate for all purposes. When the re-
ceiving station does not have a regular f.m. 
receiver, the signal can be received on a con-
ventional receiver by reducing tile deviation 
at the transmit ting end and tuning the signal 
off to one side of resonance at the receiving end. 

([ An F.M. Modulator-Oscillator Unit 

Apart from tlw ruittlirettwitt II inearis of 
varying the frequency of the oseill,t nr output 
in accordance with the applied modulating 
voltage, the r.f. circuits of a frequency-modu-
lation transmitter for amateur use differ little 
from standard v.h.f. practice, with the excep-
tion of the oscillator circuit. Any of 
the multi-stage exciter or amplifier 
units described in this chapter, there-
fore, may be adapted for use on f.m. 
as well as a.m. 
Where a crystal- or e.c.o.-con-

trolled transmitter for the 28-, 50- or 
144-Mc. band is available, it is a 
relatively easy matter to disconnect 
the regular plate modulator and sub-
stitute for the crystal or e.c.o. the f. in. 
oscillator-modulator shown in Figs. 
1615, 1616 and 1617. The r.f. output 
of the unit is intended to be fi 
through a link to a tuned-circuit , i1 
wound on a coil form which sul -: 1-
tutes for the crystal holder in the 
crystal oscillator. This tuned circuit 
is resonant at the same frequency as 
the output tank of the control unit, 
L2C3 in Fig. 1616, and is, in fact, 
identical in construction. 

In transmitters using triode oscil-
lators, or pentode crystal oscillators 
in which the tubes are not well 
screened, it is advisable to use the 
crystal oscillator tube as a doubler 
rather than as a straight amplifier. If 

the transmitter uses a crystal oscillator 
operating in the vicinity of 14 Mc., for ex-
ample, the output of the unit may be on 7 
Mc. and the grid circuit of the ex-crystal 
tube also tuned to 7 Mc. This will avoid 
difficulty with self-oscillation in the ex-crys-
tal stage. With a pentode oscillator it is 
possible to work straight through, provided 
the grid tank substituted for the crystal is 
tuned well on the high-freetuency side of 
resonance, but this procedure is not advisable 
since it may make the modulation non-linear. 
It is rather important that all circuits in the 
transmitter be tuned " on the nose" for best 
performance. Of course, if the crystal tube is 
a well-screened transmitting type it can be 
used as a straight amplifier. 
. With harmonic-type crystal oscillators the 
input frequency can be the same as that of the 

Fig. 1615 — This modulator-oscillator unit is used with normally 
-tal-controlled v.h.f. transmitters for frequency-modulated out-

pi It contains a speech amplifier and power supply, 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. 
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Fig. 1616— Circuit diagram of the f.m. control unit for use with normally crystal-controlled v.h.f. transmitters. 

CI — 150-aufd. silvered mica for 
7 Me. 

C2 — 100-said, variable (National 
SE-100). 

C3 — 50-4414fd. variable (lIammar. - 
tin -a0). 

C4 — 100-5561. mica. 
Cs, 
CO — 0.001-aftl. mica. 
C2, Cs, Co, CIO, C13, C15, C19, C20 

0.01-51d. paper. 
— 3-30-agfd. mica trimmer. 

C14, C22, C23— 8-afd. 450-volt elec-
trolytic. 

Qs, Cr2 — 10-pfd. 25-volt electro-
lytic. 

C1/1 — 0.1-afd. 200-volt paper. 
Cat — Dual 450-volt 8-ttfd. electro-

lytic. 

C12 — 250-aafd. mica. 

RI — 0.1 megohm, 1-watt. 
112 — 25,000 ohms, 1-watt. 
lia, 114, Ra, R11 50,000 ohms, 1. 

watt, 1.4 — 
Bo, Rs — 300 ohms, 3/2-watt. 
117, Rio — 0.5 megolim, M -WOILL 
R9 — 30,000 ohms, 1-watt. 
Iii2 — 5 megohms, 34-watt. 
1-113 — 900 ohms, 3/2-watt. 
1(14 — 1 megohm, 3/¡-watt. 
R19, Rio — 0.25 ntegohm, 
Rio — 0.5-megohm volume control. 
1117 — 2000 ohms, 3/2-watt. Ti — 
Rot — 50,000 ohms, 34-watt. 
1129 — 0.15 megohm, 1-watt. 
RFC — 2.5-mh. r.f. choke. 
Li — 7 Mc.: 11 Wins No. 18 e., Sw — 

crystal, since the output frequency of the crys-
tal tube is already a harmonic. In the Tri-tet 
oscillator, the cathode tank should be short-
circuited; in the types using a cathode im-

Fig. 1617 — In this bottom view of the f.m. modulator unit, the r.f. section 
is at the right and the audio at the left. The oscillator socket is to the right 
of the coil socket in the center. 

length :14' inch, 1-inch diam-
eter, tapped 3rd turn from 
ground. 

14 Me.: 10 turns No. 18. 
All coils wound with enameled 

wire on 1 ,é-ittelt diameter • 
forms (Hantmarlund 1,-
4). 1.75-Mc. coil close. 
wound; others spaced to a 
length of 1% inches. 

Link 3 to 5 turns (not critical). 
Filter choke, 10 henrys, 40 

250-0-250 volts, 40 ma.; 6.3 
volts at 2 amperes; 5 volts 
at 2 amperes. (Thordarson 
T-131(11). 

S.p.s.t. toggle switch. 

pedance to provide feed-back, this impedance 
also should be shorted. Care should be taken 
to avoid short-circuiting the grid bias, whether 
from a cathode resistor or grid leak. In the 

latter case this usually will 
mean that a blocking condenser 
(500 add. or larger) should be 
connected between the " hot" 
end of the grid tank and the 
grid of the ex-crystal tube, with 
the grid lead (and choke) con-
nected on the grid side of the 
condenser. Such a blocking con-
denser may be incorporated in 
the plug-in tank. The grid-tank 
tuning condenser may be a 
small air padder mounted in 
the coil form. 
Where a suitable power sup-

ply and speech amplifier are 
already available, the lower 
part of Fig. 1616 can be omitted 
and only the oscillator, buffer 
and modulator units need be 
built. With transformer input, 
the transformer and gain con-
trol should be connected be-
tween ground and point "A" 
of Fig. 1616, R7 being omitted. 
Any of the conventional meth-
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ods may be used to couple the modu-
lator to an available speech amplifier, 
with one precaution — if a high-im-
pedance connection is used, the " hot " 
lead should be shielded to prevent 
hum pick-up. 

If the transmitter to be used has a 
self-excited oscillator, electron-
coupled or otherwise, a separate oscil-
lator need not be built. The reactance 
modulator can be connected directly 
across the tank circuit of the oscilla-
tor. If the oscillator has too high a 
CIL ratio, not enough deviation may 
be obtained without distortion. It is 
advisable to use an L/C ratio in the 
oscillator comparable to that given 
in Fig. 1616. 
The circuit constants of the oscil-

lator in the unit pictured are adjusted 
to cover the frequency range 6000-
7425 kc. so that the output can be 
multiplied into the 28-, 50- and 144-
Mc. bands. For 28-Mc. operation a 
multiplication of 4 is required; for 50 
Mc., a multiplication of 8; and for 
144 Me., a multiplication of 24. The 
output circuit, L2C3, is tunable over 
the range 12-15 Mc., and thus is 
adapted to feeding into a transmitter using 
crystals operating in this range. For replacing 
crystals operating at half this frequency, L2 
should have 20 turns with all other coil di-
mensions remaining the same. 
The sensitivity of the modulator is controlled 

by the setting of C11. The higher the capacity of 
this condenser the smaller the frequency devia-
tion for a given audio input voltage to the 
modulator. At maximum sensitivity, with en 
at minimum capacity, the linear deviation is 
approximately 1.5 kc. with an a.f. input to the 
modulator grid of 2 volts peak. The actual 
deviation at the output frequency of the trans-
mitter depends upon the amount of frequency 
multiplication following the modulated oscilla-
tor. The maximum linear deviation is ap-
proximately 6 kc. at 28 Mc., 12 kc. at 50 Mc., 
and 36 kc. at 144 Mc. 

41, A 12-Watt 50-Mc. Transmitter 
for Mobile Work 

The transmitter shown in Figs. 1618 to 1621, 
inclusive, is designed to work from a power 
supply delivering 125 ma. at 325 volts ard, 
since tlere are vibrator packs available which 
deliver this output, it is quite suitable for in-
stallation in a car for mobile work. Since maxi-
mum economy is desired in the exciter and 
audio stages, high-gain doubler tubes and 
Class-B audio for modulation are used. 
From the diagram in Fig. 1619 it can be seen 

that a 6AG7 Tri-tet oscillator using a 12.5-Mc. 
crystal doubles frequency in its plate circuit to 
drive a 6AG7 doubler to 50 Mc., and this latter 
tube drives a 6V6 amplifier on 50 Mc. A 6L6 
can be substituted for the 6V6 but it gives no 

Fig. 1618 — A complete 12-watt 50-'41e. 'phone transmitter, ready 
for installation in car or home. The tubes along the front, from left 
to rigl:t, are 6AC7 Tri-tet oscillator 6AG7 doubler and 6V6 final 
amplifier. The 6C5 driver (left) and the 6N7 Class-B modulator are 
at the rear between the transformers. 'I'he knob on the right con-
trols the final tank condenser — the other tuning condensers are 
adjusted by screw driver through the rubber grommets. The meter 
switch is mounted on the front center, just under the meter pin 
jacks. 

Note that the antenna coil is mounted on the antenna binding 
post strip — coupling is adjusted I. swinging the coil. 

improvement in perfnrmance at the input (12 
watts) permitted by the vibrator supply. Pro-
vision for neutralizing the 6V6 was included in 
the design of this unit but it was found un-
necessary with this particular parts arrange-
ment. It is not to be assumed, however, that • 
the 6V6 will work mmll without neutralization 
in every arrangement. The grid of the 6V6 is 
tapped down on the driver plate coil to lighten 
the loading and give a better match. 
The modulation equipment consists of a 

6C5 driver stage and a 6N7 Class-B modulator. 
Any arrangement except one using a single-
button microphone would require more audio 
gain and hence more possibility of " hash" 
pick-up. 
The transmitter L. built on a 7- by 12- by 3-

inch chassis, thus providing plenty of room for 
the parts. Reference to Figs. 1618 and 1620 
will show the placement of parts, but some of 
the minor constructional points should be 
pointed out. The tuning condensers, C1. C2 and 
C3 are mounted on the underside of the chassis 
on the small brackets that are furnished with 
them, and they are set far enough back from 
the front so that the ends of the shafts do not 
quite touch the metal. They are adjusted by a 
screw driver that is prevented from shorting 
to the chassis by rubber grommets in the holes. 
The final tank condenser, C4, is supported on 
the panel. 

All of the inductances are mounted on or 
near their respective tuning condensers except 
the final tank coil, L4, which is mounted above 
the chassis on feed-through insulators. This 
makes it more convenient to adjust the antenna 
coupling coil, Lià, after installing the trans-
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RFC 

J_ , 

6A67 

11— 60-ma. dial light. 
Ci — 50-midd. variable (National 

M 
C2, C3 — 7, -, fl. variable ( Na. 

limar! l MA-25). 
Co — 30-pedd. 1,er ,culign1 variable 

(11 :unload und 
C3, Cs — 400-s oil paper. 
Co, Co, Cii — 0.002-51d. mica. 
C7, Cui — 250-gpfd. mica. 
C12, Cii — 450-volt elec-

trolytic. 

Gam 

M c, 

63v 10 
Neat,-.S 

Fig. /6/9 — Wiring diagram of the 50- lc. ' phone transmitter. 

6C5 
07 

'3 

2 

6v6 

RFC, 

6N7 T3 

03 R,41  

D Er.a-

C13 — 25-51d., 25-volt electrolytic. 
CN — See text. 
Ri, 11 — 0.2 megohms, 1 watt. 
112, Iii — 10,000 ohins, 1 watt. 
Rs — 30.000 I 1 uatl. 

Ho — 5.000 duns, 2 watt. 
117 — 11.1 - mcgolint volume control. 
— iit00 ohms, 11 watt. 

119 — 6000 ohms, 1 watt. 
11110-1115 — 25 ohms, 3 watt. 

Ta — Modulation transformer (St aiwor A-38.15). 
1-1— 19 turns No. 18 ¿.,lam., spaced slightly to occupy 

winding length, on s„'.¡-itich tuant. form 
(National PR le-2). 

1,2— 8 torn. No. Hop:teed tot...ropy 17,', inch, 7,:,-inch 
diam., self-supporting. 

1.4— 31,2 turns No. 1.1, spaced to (wcupy inch, 

mitter in the car. 
The plate circuits and the final grid circuit 

can be metered by plugging in the meter leads 
to the two pin jacks on the front center of the 
chassis and setting the meter switch to the 
proper position. This is a convenience when 
tuning up with a different crystal or antenna. 
The power leads are terminated at a foi ti- 
plug mounted on the back of the chassis. 
One problem in connection with mobile units 

is t lie drop in the line from the ba ttery to the 
vibrator or motor-generator unit, and these 
leads must be kept as short as possible. This 
transmitter is intended to be mounted in the 
trunk rack of the car, with the control box 
mounted on the dashboard of the car and the 
vibrator pack mounted under the hood on the 
fire wall. This is, of course, for a car with the 
battery under the hood — for cars with the bat-
tery elsewhere the vibrator pack and control 
box might have to be mounted differently. 
The voltage drop in the leads running back 
to the heaters of the tubes front the battery 

11 ri. choke (National 
11-1001.0. 

RFC] - ri. ehoke (Ohntite 
7,1). 

Sw r 2-.•ir.•oit, 5-position rotary 
sir i tell,  -shorting (Mal-
lory 3226.D  

— Micropl  transformer 
(Stanciir A-4726). 

T2 — Driver transformer (Stancor 
A-4721). 

7Z-inch (limn_ self-supporting. 6V6 grid tap 1 
turn from old r e r•Ilii. 

1.4-- 3 turns No. I 1, ', eh side center, spaced to feeellpy 
34 inch. ,- 111.11 ( ham, 

IA- -2 turns, No. I I. 7,inch diam. 
Pi — 4-prong bd-e-mour tt i ll g plug (Amphersol RCP-1). 

will be small if heavy wire is used, and the drop 
in the 325-volt line from the vibrator pack is 

The wiring diagram of the control box is 
shown in Fig. 1621. As can be seen, the micro-
phone battery is mounted in this box, and a 
jack is provided for the microphone. The 
switch St turns on the vibrator pack and the 
heaters of the tubes, while switch S2 is used 
as an " on-off" switch for the transmitter, since 
it controls the microphone battery and the 
plate supply lead. The control box is at 4- by 4-
by 2-inch box and takes up very little room. 
An alternative system is to mount the vi-

brator pack and an additional storage battery 
in the trunk rack and to control both the " on-
off " of the heaters and vibrator pack and of the 
plate power through suitable relays controlled 
from the dash. However, the storage battery 
must be removed from the car for charging, and 
thus the installation may not be always " ready 
to go." 
The adjustment of the transmitter is conven-
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tional in every way, the tun-
ing procedure being tiles:one 
as with other crystal-con-
trolled transmitters. With 
325 volts front the power 
supply, the total plate and 
screen currents of tlo• 6.1(17 
Tri-tet and the 6A( ; 7 dou-
bler will he 12 and 16 ma. 
respectively, and the final 
grid current slatuld run 
about 2 ma. If, when the 
voltage is removed front 
screen and plate of the ( 1Vti 
final, there is no flieker in 
the grid current as flu. final 
tank is tuned through res.t-
native, there is no need to 
worry about neutrali zi n g the 
final amplifier. However, ir 
a flicker (of 0.1 nia, or so) 
(loes show up, the amplifier 
can be neutralized reatlily 
by running a stiff wire froto 
the free end of the final 
tank over near the grid ter-
minal on the 6V6 sorket to form a neutraliz-
ing condenser (shown by dotted lines in Fig. 
1619). The stage is then neutralized in tile 
usual manner, varying the neutralizing capac-
ity by moving the free end of the wire. Cim-
necting the voltage to the screen and plate of 
the 6V6 and tuning to resonance, the total 
plate and screen current should be under 35 
ma. unloaded and about 39 or 40 ma. loaded. 
The 6C5 plate current will be about S ma., and 

the no-signal 6N7 plate current around 35 ma., 
kicking up to about 50 ma, on peaks. 
The antenna can be anything from 0.25 to 

0.6 wavelength long, depen(Hog upon what one 
has available. Since the transmitter can be 
mounted close to the end of the antenna, tinre 
is no particular problem in femling the antenla 
aside from finding a suitable insulator to ran 
through the side of the car. If something neat a 
quarter wavelength long is used for the an-
tenna, one side of the antenna coil, L5, Shoe' 
Is' grounded to the car a variable condenser 
conmwted i series wit h t he antenna and the 
other side of L5. When tile antenna is near a 

Idie. Battery 

P3 

+6.3V. +300 , 
-6.3V. + VIBRATOR PACA 

Microphone 
:.ead 51. ield 

Fig. 1621 — Circuit diagram of control box. 
J — Small microphone jack ( Mallory 702B). 
flu — I ). p.,.t. high-current toggle with sections in parallel. 
— I toggle. 

1'2 — i- rung cable socket (Amphenol PF-4)• 
l'a — r g cable plug (Amphenol RCP-6). 

— (.prong socket (Amplienol 
Battery is Burgess 3A2. Microphone lead is shielded throughout. 

Fig. 1620 \ ihw limier the the 50.Alc. tran,,iller show* the 
straight for‘, arra ii iiient of tiart-. Hie coils L2 and U. r elf- importing 
and are mounted on their rt•qx•clis 4. condensers. Note volume 
control and the poser .itiptil% pl tu4 nn,untvd at the rear of The mic-
rophone lead from die plug to the microphone transfr.erne.- is rim through 
grounded shield braid, 

half wavelength long, paralle._ tunitg of L5 
31101.ild USed. The centor of L5 can be 
grounded or the whole thing ean be left float-
ing. Regardless of the length of antenna, the 
antenna coupling is varied by movement of L5 
with respect to L4 after tuning both amplifier 
and tank circuit to resonance. 

4!, A 6C4 Oscillator for 144 Mc. 

Figs. 1622 to 1625. inclusive, show the de-
tails of c.mstruction of a low- power oscillator 
using a ti( 14, a miniature triode power tube 
having a_ plate dissipation rating of 5 watts 
unit designed for use as an oscillator in the 
v.h.f. range. At She rated plate input of 300 
volts at 25 suilliat t pores the oscillator develops 
an r.f. output of :Wind, 2 wails ja the 44-Mc. 
band. 

As shown by the diagram, Fig. 1623, the cir-
cuit is the ultraudion with an adjustahle feed-
back condenser, C3, connected betwemb grid 
•11.nil cathode. To reduce frequency modulation 
when the oseillator is amplitude-modulated, 
the tuned circuit has a fairly high C 1 ratio, 

using a t lining condenser having a fixed 
as well as a variable section. The con-
denstw rob r consists of three cireular 
plates and two " butterfly" plates. The 
circular plates rotate between two sets 
of stators having plates of regular hfiape 
and thus provide a fixed capacity. The 
butterfly plates rotate hetween two sets 
of opposed 90-degree etatnr plates, each 
set consist i h g of two plates. The :assembly 
(now ay:dill& as Cardwell Tvne ER-
14-BIF/SL) is made from a Cardwell ER 
double condenser, with only the front 
isolantite plate used for a mounting. This 
method of construction results in a split-
stator condenser having a minimum of 
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inductance, since the r.f. current flows over the 
rotor plates without having to travel along the 
shaft. The plate shapes and details of assembly 
are shown in Fig. 1624. 

Lead lengths in the circuit are reduced to a 
minimum by the construction shown in Fig. 
1625. The entire oscillator assembly is mounted 
on a piece of M 2-inelt thick aluminum bent in 
the general shape of a U. The mounting is 17A 
inches wide and the bent-over top portion is 
17% inches deep. The overall height is 23% 
inches. The bottom lip dimension can be any-
thing convenient so long as enough area is pro-
vided to make a solid mechanical mounting. 
The tuning condenser, C1, is cent ered on the 
vertical portion and is mounted on the screws 
and spacers provided with the condenser. The 
hole for the shaft is made amply large so that 
the condenser rotor is not grounded. The con-
denser is mounted so that the two sets of stator 
plates are at top and bottom. 
The tube socket is mounted so that the plate 

lead can drop in as straight a line as possible 
to the terminal at the right on the upper stator 
plates of et. The grid condenser, C2, is sup-
ported at one end by the grid prong on the 
tube socket and at the other by the left-hand 
terminal on the luwer stator plates. The ex-
citation control, C3, has its movable-plate tab 
bent at a right angle so it can be bolted to the 
vertical support, and the stationary-plate tab 
is soldered directly to the grid prong on the 
tube socket. The grid choke, grid leak, and 

Fig. 1622 — A low-power 1-1 1- Mc. oscillator using a 6C4 
v.h.f. miniature triode. N1 ith the construction shown, 
connecting leads in the r.f. circuit are reduced to 
negligible length. Filament and plate-supply leads are 
brought through the bottom chassis to a connection 
strip on the rear lip. The excitation control is adjusted 
through a hole in the top of the supporting member. 

Fig. 1623 — Circuit diagram of the 6C4 oscillator. 
C1 — Tuning condenser; see text. 
C2 — SO-apftl.  lget mica. 
— 3-30-apfd. ceramic trimmer (National M-30). 

C4 - 5O0- pfd. midget mica. 
1.4 — 2 turns No. 12 bare wire: inside diameter 9/16 

Inch. length 1 Melt: plate-npply tap at center. 
L2 - 2 turn- No. 14 enamellcil: diameter .94i inch, 

slight -. pacing betweell turn. 
RFC', RP -- 1-inch winding of Nn. 24 d.s.c. or S.C.C. 

on 3..1-inelt diameter polystyrene rod. 
Iii — 20,000 ohms, j./¡ watt. 

plate choke are supported as shown in the 
photograph. The condenser along the rear 
edge of the assembly is the heater by-pass 
condenser, C4. 
The oscillator assembly is mounted on a 

33% by 3%-inch aluminum channel 34 of an 
inch deep. A small panel at the front provides 
a place for a tuning dial which drives the con-
th•nser shaft through an insulated coupling. 
A dial lock is provided so the condenser can be 
locked at a given frequency setting. 
A polystyrene-insulated double binding post 

assembly mounted vertically from a small 
bracket provides output terminals and a sup-
port for the antenna coupling coil, L2. The 
coupling can be varied by bending the solder-
ing lugs that support the coil so that L2 is 
moved nearer to or farther away from Lt. 
The condenser construction provides just 

enough capacity variation to cover the 144-
148-M c. band adequately. lievause of slight 
dilferenres in t he construction of similar units, 
it may I ,e necessary to vary the inductance of 
Lt slightly to bring the batid on the dial; this 
can be done by squeezing the turns together or 
pulling them apart. The frequency range can be 
checked with Lecher wires or a calibrated 
absorption wavemeter. (See chapter on fre-
quency measurement.) Final adjustment to Lt 
should he made after C3 has been adjusted for 
optimum output from the oscillator, since the 
set t hug of this condenser has some effect on the 
frequency of oscillation. 
To adjust C3, solder two pieces of wire about 

3% inch long to the terminals of a small flash-
light lamp or dial light and connect them to 
the output terminals. A milliammeter of 0-50 
or 0-100 range should be connected in the 
plate-supply lead. Adjust the coupling between 
the L2 and Li for maximum glow in the lamp 
and then vary the capacity of C3 until the 
best output is obtained. C3 need not be 
touched again after the proper setting is 
determined. 

In using the oscillator for transmitting, the 
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BUTTERFLY 
ROTOR (A) 

90 - DEGREE 

STATOR (C) 

coupling between L1 and L2 should be kept as 
loose as possible, particularly if the antenna or 
feeders can swing in a breeze, because any 
change in the antenna circuit will be reflected 
as a change in the oscillator frequency. In any 
event, the coupling should not be increased 
beyond the setting that makes the oscillator 
plate current 25 milliamperes. At 300 volts the 
plate current should be about 20 ma. without 
any r.f. load. 
The oscillator can be modulated by any 

audio power amplifier having an output of 3 
watts or so — a single Class-A 6F6, for ex-
ample. The modulator coupling transformer 
should have the proper ratio to work from the 
modulator tube chosen into a 12,000-ohm load. 
For a Class-A pentode modulator taking a 
7000-ohm load this requires a step-up turns 
ratio of 1.3 to 1. 

41 A High-C 144-Mc. Oscillator 

The inherent instability of a modulated 
oscillator — that is, the change in frequency 
with the change in plate voltage under modu-
lation — can be markedly reduced if the oscil-
lator tank circuit is made to have as high a 
CIL ratio as possible. Although this usually 
entails some sacrifice of power output, the over-
all effectiveness of the transmitter is increased 
because the radiated energy is more nearly on 

CIRCULAR 
ROTOR (B) 

REGULAR 
STATOR (D) 

C\ ,4 D 

C/71;fre 

kolanttte 
endplate 

ASSEMBLY 
Fig. 1624 — Plate shapes and assembly of Ci, the tuning 
condenser used in the 6C4 oscillator. 

Fig. 1625 — A view showing the as,embly of compo 
fienta of the 6C4 144-Mc. oscillator. The r.f. chokes are 
mounted by drilling and tapping the ends of the poly-
styrene rod. The grid choke is held in place by one of the 
socket mounting screws, 

one frequency. This is a particularly important 
consideration when selective receivers are used. 
In addition, the fact that there is less fre-
quency modulation also means that there is 
less interference to other stations operating in 
the same band. 
A high-C 144-Mc, oscillator is shown in Figs. 

1626, 1627, and 1628. It uses an 11Y75 tube 
and a tank circuit consisting of a low-induct-
ance v.h.f. condenser and a one-turn tank coil 
of heavy conductor. The circuit; shown in Fig. 
1627, is the ultraudion with a tuned filament 
circuit to provide control of excitation. The 
oscillator is mounted on a 3-by-4-by-5-inch box, 
with the tube socket mounted below the top 
by means of pillars so that only the glass bulb 
is protruding. To bring the condenser terminals 
on the saine level as the grid and plate ter-
minals of the tube the condenser is mounted 
on 5A-inch high blocks. The tube socket is posi-
tioned so that the plate cap of the tube is near 
one set of the stator plates of C1. This leaves 
room to mount the grid condenser, C2, between 
the grid cap and the other stator terminal, thus 
making the leads between the tank circuit and 
the tube as short as possible. The output cou-
pling coil, L2, is soldered to Ings under the 
binding posts of a two-post assembly mounted 
on a 2 -inch isolantite stand-off insulator. A 
friction-type vernier dial is used to tune the 
circuit, because the tuning is rather critical 
with the high-C circuit and because the type of 
condenser used requires this or a similar type 
of dial to hold the setting, since the shaft turns 
on ball bearings. 
The tuned filament circuit consists of L3, 

L4 and C3. L3 is wound between the turns of 
L4 so that the coupling is very tight; thus both 
filament leads can be tuned by one condenser, 
C3. C3 is adjusted for maximum output as 
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Fig. — A high-C.11 l - NI e. oscillator using an I I') 7i 
This I, ire of oscillator lias 1.•,- freipi,icy 
modulation than those using luis -L l'ir , ,•.. n- t• 

queenly causes less interference and can elfee 

tively received on selective receivers. 

judged by the brffliance of a lamp connected to 
the output terminals; it has relatively little 
effect on the frequency of oseillation. 
The inductance of Lt should be mljuste,1 -s.) 

that the low-frequency end of the 11-1-Mo. 

+13 115V. A C 

of the high-t: Fig. 1627— Circuit diagram 
oscillator. 
Ci — Split-stator condenser, 31.5 joifd. total ( 11am...tar-

kind VU-30). 
Ca — 50-amfd.  'get mica. 
C3 — eeramic trimmer. 
C4— 100-upfil. midget  a. 
— I.i 1 turn of 7, 32- inch ••"pper t approximately 

horseshoe shape: io crall knutil from mounting 
liolc- 111g, nnNitle diameter at 

mir -t nit. 13 inches: idate tali at center. 
— I turn l'in,. I I enaini•Ilcd; diameter inch. 

La, Li — ô turns N r. 13 d.c.c. on ! aditch form; 1.3 inter-
wound N,it II La, no spacing between taros. 

RI— 5000 ohms, 1 watt. 
RFC', ItleC2 — 1-inch winding of No. 24 d.s.c. or s.c.c. 

on Ve inch diameter polystyrene rod. 
T — 6.3-volt filament transformer. 

1 

band is reached with CI set as close as possible 
to maximum capacity. It is advisable to start 
with the (la a little larger than necessai.y and 
cut a little at a time off the ends until the 
proper inductance is found. The connections 
between the coil- and the condenser are made 
by means of lugs fashioned from tubing just 
enough larger in diameter than tlw coil so that 
the ends of the e, rit will fit inside. One end of 
each lug is flattened and drilled to fit the con-
denser terminals, and the coil is soldered in 
the unflattened ends. 

With a plate input of 350 volts at about 00 
t he power out put of t oscillator 

is approximately 4 watts. When received on a 
superlietermlyne-type receiver with a beat-

_ 

Fig. 1628 — llelow-chassis view of the highi-C 114-Mc. 
oscillator. The filament transformer and filament tuned 
circuit are ntu,uiutcd itoàtle the box. 

frequency oscillator, the Carrier will be quite 
clean and stable provi.led t he mechanical C011-

ion is rigid. 'Under modulation, the fre-
quency band occupied is only about a fifth as 
much as that taken up by a low-C oscillator 
operated at the same plate voltage. 

1[1, A Stabilized 144-Mc. Transmitter 
In general. Z1 modulated oscillator is not a 

desirable type of transmitter for use in a band 
such as I-1.1 Mc. wher.e there is consideralde 
activity. Even when stabilized by the use of a 
high-C tank circuit this type of transmitter 
leaves much t.) . lesired, because there is still 
a great deal inoro ínqluency modulation than 
is present in a master oscillator-power am-
plifier transmitter. In additi.in, an oscillator 
coupled to an antenna is subject to frequency 
change whenever the antenna i'rrtistt itts change 
slightly, as they will with changes in weather 
and with any vibration or swinging of the 
feeder wires. Besides, an oscillator cannot be 
modulated 100% without considerable distor-
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tion because in most cases oscillation 
cannot be sustained at plate voltages 
below 50 to 100 volts. Finally. the 
efficiency of an oseillat is witty low 
(4)111p:trod to the efficiency of a prop-
erly-dri \-en amplifier. sittitiit eonsider-
:114- more power output eau be ob-
tained front 1 he same tube when it is 
used as an amplifier tImii when it is 
used as an oscillator. 

An : tittpiiiiir t.I by ay an oscillator, 
although more stable than an oscilla-
tor alone. is still subject to frequency-
modulation effects because the change 
in power input to the amplifier with 
modulation causes a change in t lit• grid 
impedance of the amplifier, and this 
in turn reiiiits on the oscillator to 
ehange the frequenry. Hence it. is 
desirable to use : it least. one buffer 
amplifier stage bet \\-iii the oscillator 
and amplifier. If this is done it is 
quite possible to get sal isfaet ory I•ter-
forniance ‘vit ii inexpensive buy-pm-et. 
tubes in both oscillator and buffer stages, whili• 
if the litiffer is omitted it is necessary to use : t. 
fairl .\- high- power oscillat or. This is hp,•:iiisk. thc, 
(.inipting modulated 
amplifier must be very loose if the oscillator 
frequency is not to be affected by whatever 
happens in the amplifier plate circuit; con-
sequently tile iiscillatiir must 1,•v(li)i) 
greater power than actually is needed to drive 
the ninplilier since only a sinall part of the 

can be utilized with the loose coupling 
required. 
A three-stage transnlitter in which fre-

quenry-modulatimi effects are quite small is 
shown in Jigs. 1629 ( ii 11;32. inclusive. It. in-
cludes a 6( .1 oscillator, 6(1 neutralized buffer 
amplifier. and 815 final amplifier, as shown itt 

rig. / 620 — three-tag-8 tran-,tetitti•r u-irta a bC1 toa.ter 
ittr, tut:1 hatTer ini and bItT, final ;unplilior, tor stabilized 
transmission in Ow I II. \ 1.•. banii, i and buffer are 
built as ti till t n the Ii. il aluminum •• 11.1.-i- at the right. The 
Iran- miner dei clops j.•ar-ier output of about 10 watts. 

the circuit diagram. Fig. 1630. The oscillator 
and buffer am milt as a unit On a U-shaped 
piece if aluminum (il .; inches long On top, 2:„1..g 
inches high, and 27; un ites deep on the top. 
The 515 is mounted On a vertical aluminum 
piece measuring -11¡ inches high and 3 inches 
wide. reinforied by bending side lips as shown 
in the pliiito,raphs. The t wo :sections are as-
sembled On i;- by 11- by :3-inch chassis. 

ri.• oscillator circuit and components are 
identical witli thi•se already described in Figs. 
1622 162:, The construction of the buffer 
amplifier is ; mite similar to that of the oscil-
lator. The t11 Ter t tilting iiiindenser consists of a 
rotor having three butterfly plates (A in Fig. 
1621) and two stators each having two 90-
degree plates ((.; in Fig. 1621). The grid circuit 

Fig. /030 — Circuit diagram of the stabilized I I 1-Nlv. transmitter. 
3-30-ggfil trinourr. 

C2, C6. 1:II. 

midget  um. 

Cr, 30.,(4.41. midget mica. 
(:4—Oseillator tuning: see te•I. 

- Neutralizing: se, e•t. 
Cs • - Buffer timing: see te, I. 

Cio — Amplifier 111•111 
izing: see tv‘t. 

C12—Amplilier see i- nt. 
Cut — LOCI pmfil., 
14 — 2 torn- IT liare ‘. ird•; 

Ii,,,,, - ter ti 
inch., 1191,2 t It 1 inch: 
pia te-suppl> tap at cr.  
ter. 

122 — 2 turns No. 14, inside 
diameter 1;'?. inch: turns 
spatted mire di; • ter. 

Lo — 4 turns Nii. 11. ill-
arnetie 3,.¡ inn-h, knoll 
inch; plate-suppl tap at ccaier. 

14 2 turns '1\0. t I. inside 1-; inch; turns 
spared IliaturIvr Of %ire: tappeii at eviller. 

L5-2 ( liras No. 12. inside diameter I Melt. length 1 
Mein plate supply tap at center. 

Lo— 2 turns NO. 12, inside diameter 3.¡ insu. 

115V. AZ 

lit - 20,000 dims, 1.2 natl. 
112 — 25,000 1, ii iii. 
ii) — 17,,000 Ions, I natl. 
If — 13,000 ultms. 10 Ntait,.. 
Tt 2-amis. filament transformer. 
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of the buffer is self-resonant, the tuning being 
adjusted by squeezing the turns of the grid 
coil, L2, together or prying them apart. The 
buffer neutralizing condenser, C7, mounted 
directly between the grid of the 6C4 and the 
lower set of stator plates of Cs, is a 3-30-µmfd. 
trimmer with the movabhs plate removed and 
a washer soldered under the head of the ad-
justing screw. The washer, by replacing the 
movable plate, reduces the capacity of the 
condenser to a value suitable for neutralizing 
the 6C4. 
The grid coil of 1.11e final amplifier also is 

resonant with the input capacity 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 anti Cif) in the circuit iliagram, 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 ot her 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 lai tie by-pass con-
densers are mounted so that the leads between 
the socket prongs and the nearest ground point 
are as short as possible. 
The amplifier plate tank circuit uses a con-

denser of the same 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 ternlinals are a standard bind-

ing-post assembly on polystyrene, mounted 
on metal posts 2 inches high to bring the 
coupling coil in p r(per rehi t ion to the amplifier 
plate tank coil, L6. Coupling is adjusted by 
bending L6 toward or away from 4. 
The plate by-pass tot hsnser and screen 

dropping resistor are mou ti) underneath the 

chassis, as shown in Fig. 1636, together with 
the filament transformer. Separate power-
supply terminals are provided for the oscillator 
plate, buffer plate, amplifier grid, amplifier 
screen, and amplifier plate so that the currents 
can be measured separately. 

In putting the transmitter into operation, 
the first step is to adjust the frequency range 
of the oscillator as described in connection with 
the 6C4 oscillator discussed earlier in this 
chapter. Then, using loose coupling between 
the buffer grid coil, L2, and the oscillator tank 
coil, LI (the coupling may be adjusted by bend-
ing 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 oscillator plate cur-
rent; it can also be checked by measuring the 
voltage across the buffer grid leak. 112, with a 
high-resistance voltmeter. The maximum volt-
meter reading (about 40 volts) indicates reso-
nance. The buffer should next be neutralized 
by varying the capacity 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 frequency measurement 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 oseillator; link coupling between L3 and 
the wavemeter, with the latter far enough 
away so that it does not give a reading front 
the oscillator alone, should be used. Another 
method of checking neutralization is to adjust 
the turn spacing of the amplifier grid coil, L.1, 
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 Cs adjusted to resonance, 
as indicated by minimum plate current. If the 

coupling to the fi-
nal amplifier is 
quite loose, the 
mini mum plate 
current should be 
approximately 17 
nia. The amplifier 
grid coil may next 
be resonated (by 
adjust lug the spar-
ing between turns) 
and the coupling 
increased until the 
maximum grid 
current is secured. 
The grid current 
should be 4 milli-
amperes or more 
and the buffer 
plate current 
should rise to 
about 28 ma. 

Fig. 1631 — A rear view of the three-stage 144-Me. transmitter. The oscillator is at the 
left, with the buffer amplifier to the right. 
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Neutralization of the 815 is the next step. If 

the grid current changes when the plate con-
denser, C12, is tuned through resonance, the 
neutralizing wires should be moved closer to or 
farther away from the tube plates until tuning 
C12 has no effect on the grid current. When this 
condition is reached the amplifier is neutral-
ized. 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 
oscillator plate current should be approxi-
mately 25 ma. and the buffer plate current 28 
ma., using a plate voltage of 300. 
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. 

e A 144-Mc. Double Beam Tetrode 
Power Amplifier 

An amplifier set-up suitable for use with 
double beam-tetrode tubes is shown in Figs. 
1633, 1634 and 1635. 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, L3 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. 

Fig. 1633 — A 111-
Mc. amplifier using a 
double beam tetrode. 
This type of construi-
tion is suitable for thi• 
815 and 832 as well ai 
the 829 shown. Thi• 
vertical partition 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. 

The physical arrangement of the components 
is similar to that used for the 815 amplifier 
incorporated in the three-stage transmitter 
described in the preceding section. 
The amplifier of Fig. 1633 is built on an 

aluminum chassis formed by bending the long 
edges of a 5 by 10-inch piece of aluminum to 
form vertical lips 34 inch high, so that the 
top-of-chassis dimensions are 3% by 10 inches. 
The tube socket is mounted on a vertical 
aluminum partition measuring 334 inches high 
by 3 WI 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 connection at the top, the cathode 
prong being directly grounded to the nearest 
mounting screw for the socket. The heater 
by-pass condenser, C6, is mounted directly 
over the center of the tube socket, extending 
between the paralleled heater prongs at the 
bottom and the cathode prong at the top. The 
screen by-pass is connected with as short leads 
as possible between the screen prong and the 
nearest socket mounting 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, LI, to be inserted 
between them. The coupling is adjusted by 
bending L1 into or out of L2. The grid tuning 
condenser, CI, 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 
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L4 

tH.V. +H.V. 6.3V. 

Fig. 1634 — Circuit of the 829 amplifier for I 14 Me. 
Ci — 3-30-gpfd. ceramic t r i lll nter. 
C2, C3 — Neutralizing condensers; see text. 
C4 500-ggfd. mica, 1000-volt. 
Ca — 500-aafd. mica, 2500-volt. 
C6— 500-aafd. mica. 
C7 — Split-stator, 15 pd.!. per section (Cardwell ER-

15-AD). 
Li — 2 turns No. 12, diameter inch. 
L2— 2 turns No. 12, diameter I inch, length inch. 
L3— 2 turns No. 12, diameter t es. inches, length I inch. 
— 2 turns No. 12, diameter 1 inch. 

Bi — 5000 ohms, I watt. 
R2 — 10,000 ohms, 10-watt. 

/Wen — 1-inch i tiding of No. 24 d.s.e. or s.c.c. on inch diameter diameter polystyrene rod. 

good so that the circuit will not self-oscillate, 
tuning of the plate circuit will react on the 
grid circuit to some extent because the grid-
plate capacity, although small, is not zero. To 
eliminate this reaction it is necessary to neu-
tralize the tube. The neutralizing " condens-
ers" 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, projecting over the tube plates on the 
other side as shown in Fig. 1633. 

Connections between the plate tank con-
denser, C7, and the tube plate terminals are 
made by means of small Fahnestock clips 
soldered to short lengths of flexible wire. The 
tank coil, L3, is mounted on the same condenser 
terminals to which the plate clips make con-

nection. The output link, 144, is mounted 
similarly to the grid link except that the posts 
are 17/3 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, directly below the 
point where the lead passes through. 
Supply connections are made through a 5-post 

strip on the rear edge of the chassis. The dotted 
lines between connections in Fig. 1634 indicates 
that these connections are normally short-
circuited; separate leads are brought out from 
the grid and screen so that the currents can be 
measured separately. 

In adjusting the amplifier, the plate and 
screen voltages should he 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 L1 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. This is approxi-
mately 12 ma. for the 829. If the driver is an 
oscillator, the coupling between Lt and L2 
should be kept as loose as possible so long as 
the proper grid current is obtained. 

Neutralization can be checked by rotating 
C7 through resonance. A flicker in grid current 
as C7 is rotated indicates that the neutralizing 
capacity is not correct. The neutralizing wires 
should be bent in relation to the tube plates 
tint il the grid current remains constant when 

i, tuned through resonance. Care should be 
I to keep the wire, symmetrical with re-

rig. 1635 — ‘ nother 
ie,, of the 111- lc. 

amplifier. The neutra-
lizing wire, are 
over the before 
going through the 
feed - through i n-
-.11 . 1t ors. 'the input 

ill is designed for 
link coupling to the 
driver stage. 
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spect to the two sections of the tube. 

After neutralization, plate and screen volt-
age may be applied. If possible, t he plate 
voltage should be low at first trial nit t here will 
1)e tio danger of overloading t he t ulie. Adjust 
(.7 to resonance, as indicated by minimum 
plate current (this should be measured in)1e-
pend('ntly of the screen); wit h the 829, the 
minimum plate current should be in the neigh-
borhissi of 80 ! Mina nnieres with 100 volts on 
the plate and no It : ti on the circuit. A dummy 
load such as a 60-watt lamp should light to 
something near full brilliance when the cou-
pling 1st W1.011 L3 : 111(1 L: is adjusted to nt: he t he 
tuliii draw a plate current of 200 111;1. When the 
Iiiniting 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 

wiien Li and L2 should be increased to bring 
it bark to normal. 
Power-supply tind modulator requirements 

will depend upon t he particular tube used. For 
the 829, the plate supply should have an out put 
%-oltage of • I00 to 500 with a current capacity of 
250 milliamperes. With a 400- volt supply the 
modulator power required is 30 watts, with an 
output transformer designed to work into a 
1600-ohm load; wit 11 a 500- volt supply slightly 
over 60 watts of audio power is needed, the 
load being 2000 ohms. 

Transceivers 
'The transceiver is a combination trans-

mitter- receiver ill which. by suitable switching 
of d.c. and audio circuits, the same tube :mil 
r.f. circuit, functions either as it modulated 
t ransinitting oscillator or as a superregenitra-
live detector. The :1(1v:tillages of the trans-
ceiver are conntactistss, circuit simplicity. and 
t use of t he saine antenna t T but Ii t 
ting and receiving without t he necessity for 
switching tint r.f. circuits. "Pransciiivers have 
been widely used for portable and work. 

In general, switching initans must bit pro-
vided in t he 1 ranseeiver so t hat when reception 
is desired t auiliii-irenuency amplifier is i.on-
nectitil as in a normal receiver: Si111111talll'olISIV 
t lie inicrophoist must be disconnected from the 
a.f. amplifier. Insofar ; IS the oscillator is con-
cerned, the value of the grid leak must be 
changed when switching from receive to trans-
mit. since a high value is required when the 
tube is to act as a superregenerative fit uctr)r 
and a relatively loW 'attne as a transmitting 
oscillator. The plate voltage also must be 
changed from the low value required by the 
detector to the high value needed for trans-
mission. A special autlio transformer (" trans-
ceiver transformer") having a inicrophime 
winding ill addition to the normal windings, is 
required. 

'Elm disadvantages of the transceiver, froni 
the stantlpoint of Work in an amateur band, 
are largely the result of the circuit simplicity. 
As with ally modulated oscillator, the signal 
front a transceiver is broad; in thit type of con-

Fig. 1636 — IL-n.1.•riwath ti t' "1 the I I I-Nle 
ne.o.p.a, I raii,init ler. Id:mm.0 I rait-loriner., ampli 
lier plate eumleit,.er, and ,-ereen dropping reta.tor 
are mounted here. 

striuttion used then. is relatively little oppor-
tunity for the st bili zai ion t hat can be obtained 
with the high-(' oscillators ) hesitribed earlier in 
the chapter. \\* lion receiving. the superritgen-
unitive detector radiates and causes interfer-
ence to other st t in operating in the vii•inity; 
in fact, in many eases the radiation from the 
receiver covers almost aS IllUell distance range 
as t he oscillator does when intentionally being 
used for trzin,nnitting. 'rids is becanse the 
degree of antenna coupling used. when ad-
justed for good transmitting, is such that 
rather high plate voltage must 1st used on the 
tube to make it superregenerate when receiv-
ing, with the result that the pt,wer input to the 
tube is relatively high. 
The transeitiver il su  has an operating dis-

advantage in that, since the tuned circuit is 
common to bin hi the transmitter and receiver, 
the transmitting frequency is necessarily the 
saints as t hat on which receiving is done. How-
ever, the transmitting and receiving frequen-
cies are 110t f.i*,/ei/y the s;i it because the 
plate voltages used for transmitting and re-
ceiving differ. Consequently there is a fre-
quency change itaith time t here is a changeover 
from receiving to transmitting. The result of 
this is that when two transceiver stations are 
in communication their frequencies tend to 
"walk through" the band because either must 
retune for best reception when t he other trans-
mits, and this retuning in turn changes the 
transmitting fritimilicy. In the course of a 
contact it is readily possible for both stations 
to move entirely outside t he band limits. 

.\ s t ! natter id good amateur practice the 
use id transceivers should be confined to very 
low-power operation ---- as in 
or " hatulie-talkiit" auui ilettit — in the 144-
I\Ie. band, and to e\peri tuent al low-power 
operation in the higher-frentiency bands. The 
US(' of transceiver-type equipment should be 
avoided entirely for regular operation on 144 
Me. in antas where there is couisiderable activ-
ity on this fritimency. 

transceivers shown in this chapter are 
intended primarily for portable or portaltle-
mobile operation, tuning battitries as a source 
of power supply. 
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Fig. 1636 — All inc.cen.ive low-i cr 1-1- 1-M c. trans 
ceiver and vibrator power supply. 

IF. A Simale 144-Mc. Transceiver 
The transceiver shown in 1636, 1637 

and 1638, constructed from inexpensive Parts, 
can be used either as a piece of fixed-station 
equipment or for port tble-mobile work. The 
panel is a 10 X 10-inch piece of 34-inch tem-
pered Presdwood, while the shelf which holds 
the audio circuits is a 31.', X 10-inch piece of 
the same material. The shelf is mounted 1,1 :'?, 
inches above the bottom of the panel, leaving 
room for the resistors and condensers under-
neath. The box in which the transceiver is 
housed is made of 1_‘¡-itich plywood, the inside 
dimensions being 10 X 10 X 31 inches. At 
the back a door, hinged at the bottom, gives 
access to the tubes and ri. section. 
The oscillator is all in one unit, built on a 

3 X 4-inch piece of aluminum with M inch 
bent over at one end to form a mounting lip. 
The metal base projects 3 inches behind the 

o  
ANT 
o  6.156T RFC, 

01100,— 

panel, the same depth as the shelf for the audio 
section. In general, the oscillator circuit has 
been arranged to make the leads between the 
tube and tuned circuit as short as possible. The 
mechanical layout may have to be varied for 
tuning condensers of different construction. A 
condenser having a maximum capacity of 10 
I o 15 pad. is required for CI. The one used in 
ii is unit is a Hantmarlund MG-20-S (originally 
having a maximum of 20 bo.tfd.) with one plate 
removed. To reduce capacity to ground, the 
rear bearing assembly should be removed by 
sawing off the rotor shaft and the side rods 
holding the stator plate. Removing this ex-
cess material noticeably increases the effi-
ciency. 
The tuned-circuit coil, LI, is mounted under 

the condenser panel-mounting nut, the other 
end being soldered to the side rod holding 
the st:ttor plate. Since both sides of the con-
denser must be insulated from ground, the 
condenser is mounted on a midget stand-off in-
sulator. An insulated coupling and extension 
shaft connect the rotor to the tuning dial. 
The plate and grid eltitkes are mountetl frton 

insulated lugs at the " cold" ends, the hot ends 
being played as close as possible to the points 
in the circuit where they connect. The power 
leads from the r.f, seetion are cabled and 
brought down to the switch. 
To protect the speaker cone from damage, 

the grille holes are backed by a piece of 
window-screen material which is heltl in place 
by the bolts which are used to fasten the 
speaker to the panel. 
A metal strip running from top to bottom 

of the panel serves as a shield I o prevent body 
capacity and also as a low-inductance ground 

Fig. 1637 — Circuit diagram of the 141-Me. trans-
ceiver. 

CI — Midget variable, 10-15 gsfd. maximum 
capacity. 

C2 — 50-meafd. Mira. 
Ca — 0.005-afd. mica. 
C4 250.prdtl. mka. 
Cr, — 0.1-gfil. paper, 400 volts. 
Cr.— 25 to 50 dd. electrolytic, 50 volts. 
— 5 megoluns, h.-watt. 

112 5000 ohms, 1.watt (for 615, 6C5); 
10,000 ohms, 1-watt ( for 6V6, etc.). 

— 0.5-mestairn volume control. 
111 — 1000 ohms, 3::!-watt. 
— 0.1 meat aarn, I.watt. 

Rs 0.5 megolun, 3 2-watt. 
SPKR lt7 — 250 ohms, 1-watt. 

Its — 200 (.11111., 1- watt. 
111.- 50,000-ohm 'home control. 
11p) — 50,000 ', bin,. 1-watt. 
Li — 3 turns No. 12, 9/1b-inch inside diam-

eter, 3.:!-Inelt long. 
1,2 — I turn No. 12 or No. 14. 
RFC1, — 55 turns No. 30 close-

wound, 34-inch diameter. 
Ti — Transceiver transformer (see text I. 
Ti — Output transformer, pentode to voice 

coil. 
Si 4-pole doulae-throw switch. 
J — Opcn-circuit jack. 
Spkr — 3-inch permanent-magnet dynamic 

speaker. 
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Fig. 1638 — Rear le ies. of tile Ill- Mc. traip.cei‘er in-
stalled in its case. The oscillator-detector is constructed 
as a unit. 

connection between the oscillator and the 
audio section. It makes direct contact with 
the oscillator support, the rotor of Rg, and the 
metal frames of the switch and microphone 
jack. 

In the rear view the transformer at the left 
is T1, the transceiver transformer. The audio 
gain control, R3, is on the panel between R1 
and the 6J5 first audio. The modulator tube 
and speaker transformer are at the right, with 
the regeneration control, Rg, behind them on 
the panel. All leads from the switch are cabled 
and pass through a hole in the shelf near the 
panel. The two grid leaks, R1 and Rg, are 
mounted directly on the switch contacts, but 
all other resistors are below the shelf. The 
below-shelf arrangement is of no particular con-
sequence, since there are no r.f. cir-
cuits underneath, but the grid leads 
to both tubes should be kept short, 
so that hum pick-up will be mini-
mized. The dropping resistor, R10, for 
the regeneration control circuit is 
mounted on the lug strip at the rear: 
the other two resistors which connect 
together at this strip are the two sec-
tions of the modulator cathode resis-
tor. Spare terminals on the tube sock-
ets are used as tie points wherever 
convenient. 

It is possible that in a particular 
layout the proper choke specifications 
will differ from those given. The grid 
choke is the more critical.' In the case 
of either choke, the number of turns 
should be adjusted so that the cold 
end can be touched with the finger 
without disturbing the operation of 
the oscillator. Effective superregene-

ration depends considerably on the grid choke 
and on the capacity of the plate by-pass con-
denser, Cg. The circuit may not superregene-
rate at all with less than 0.002 dd. at Cg, 
while values higher than 0.005 tend to cut 
down the audio output. 
The inductance of the tuned-circuit coil, LI, 

should be adjusted to bring the band on the 
dial by spreading the turns apart or squeezing 
them together. The frequency may be checked 
by means of an absorption wavemeter or 
Lecher wires as described in Chapter Nineteen. 
Antenna coupling is adjusted by bending the 
leads of the antenna coil, Lg, to bring the coil 
nearer to or farther away from LI. The cou-
pling should be adjusted so that with the 
switch in the " receive" position the oscillator 
goes into superregeneration smoothly; if the 
coupling is too tight it may not be possible to 
obtain superregeneration at all. 
The transceiver requires a filament supply 

of 6.3 volts at 1.05 amp., and a plate supply 
capable of delivering 30 to 60 milliamperes at 
135 to 200 volts. A suitable vibrator-type 
supply is shown in Chapter Eighteen. 

4:1, A 144-Mc. Handie-Talkie 

For short-range work the " handie-talkie" 
type of equipment, where the transmitter and 
receiver are built as a unit light and compact 
enough to be held in one hand and operated in 
much the same fashion as an ordinary tele-
phone handset, frequently is useful. Figs. 1640, 
1641 and 1642 show a unit of this type, de-
signed for operation in the 144-Mc. band. It 
uses dry-cell acorn tubes in a simple trans-
ceiver circuit. 
As shown in the circuit diagram, Fig. 1641, 

a three-pole two-position switch, SI, accom-
plishes the changeover from send to receive. 
One section connects or disconnects the micro-
phone; the second section connects the proper 

Fig. 1Ó.39 — Bottom view of tile 141-Me. transceiver. 
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Fig. 1(.10 -- A for the I I. \ I c. band, 
using II, -cell h p.• :worn t11111,-. I t is small enough to be 
slipped into a pocket, but 1...- a range up to a mile or si, 
in reasonably open terrain (. \\ (iT L). 

grid leak, and the third section shifts the oscil 
lator plate circuit from the primary of the 
transceiver t ransformer, in the receive p.si-
tion, to t he plate of the audio amp litier-toodu-
lator, for transmitting. The headphone serves 
as a modulation choke during transmission. 
The case for the handie-talkie is 7% inches 

high, 2% inches wide and 1% inches deep. It is 
made from two pieces of aluminum; one, on 
which the parts are mounted, is in the form of 

U-shaped channel as shown in Fig. 1642. 
while the other is bent. at. the ends to complete 
the enclosure. The tubes are mounted by 
soldering the F-pins ( Nos. 4 and 5) to small 
brass angles which in turn are mounted on op-
posite sides of the ease, as shown in Fig. 1642. 
The screws that hold the angles to the case 
:Llso are used to mount I he two switches, SI 

13- 45V. 8+ A- I.5V. A+ 

Fig. 1611 — Circuit diagram of the 114-Mc. handie-talkie. 

Ci — 3-30 add. ceramic trimmer (see text). 
C2 50-aafd. ceramic condenser. 
Ca — 0.002-pfd., 200-volt midget paper. 
Li — 5 turns No. 16 tinned copper, ):.,; inch inside diameter, roil 

length % inch. 
L2 1 turn No. 16, inch inside diameter. 
1,3, L4 — 51) t rns Ni,.3 1, ti.s.C. on 10-megohm, %-watt resistor. 
lit — 2a,000 N% att. 
IIi — 10 nieg..ht..-. w att. 
113 — 400 ohms, watt. 
St — Triple-pole double-throw slide switch. 
Sa — Single-pole single-throw slide switch. 
— Transceiver transformer (Inca 1-45). 

Fig. 1 — A view inside the lit - 
Mc. hainlie-talkie. The flashlight 
battery for filament supply is at 
the bottom of the case. 

and S2. SI is mounted underneath the 
tuning knob, while S2 is on the opposite 
side. 
The tuning condenser is a 3-30-pedd. 

trimmer with the adjusting screw re-

moved and threaded tightly into a ittelt length of of n-inch diameter round 

polystyrene rod. The head of the screw 
is cut off and the screw rethreaded into 
the condenser to make a miniature tun-
ing condenser with the shaft extending 
outside the case for adjustment. Stops 
are provided on the dial so that the con-
denser knob can be rotated just enough 
to cover the 144-148-Mc. band. The con-
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20-jamfd. ‘ ariable. 
(:2-- 50-mpftl. enica. 
C3-- 0.005-gfil. mica. 
C.t, C6, CI°, CI — 16-gfd. 

eleetroly 
Cs— fri-m1.11. 2T,.s oit clertroly tie. 
C7 — 0.5-mfd. paper. 

I boo-volt paper. 
— 0.01-gfd. PaPc,. 

(:12 
14 — 1 t No. 11, !..¡ inch diame-

ter  
14- 2 turns 3 -inch copper tubing, 

denser and tank coil, La, are sup-
ported by their le:trls, one end of 
the tank circuit being solderer' to 
the plate liad of the t.ulte. 
The microphone is a single-but-

ton twit ( 1"ni\-ersal l'ype W) 
mounted on a circular block cut at. 
an angle so hal il is properly t ilted 
for v1ici. pick-up when the head-
phone is held against t Ile 
tutu ljItituit' is unit ii u 21100-
ohm set ! moulted on the ease. 

Tho atilutina plugs into the pin 
jack at the top of the 1 ratiscuivt•r. 
Sluoler red el' di:He-

eler may be used for the antenna: 
a length of approxiinat.ely IS 

inches is required Itsi ti qua rier-
‘vave antenna,. The length may he 
pruned to the optimum figure by 
having another station check the 
signal strength while the length is eluangeil, or 
bv starting with the rod a little long and ela-
ting off a bit at :t time until the antenna ,ltteWS 
tut' IllaXill111111 telnlent•yti> threW titi slipur-

l'egellerative tleterter ttilt, 0Srillatiull. 

l'his unit uses a, single No. I size flashlight 
cell for " A" power and a miniature -15- \- olt 
block ( liurgess XN:30) for " Ii" supply. The 
filament drain is 100 milliamperes and the 
plate tirain 3 ma. 

b..E BATT. 

. 0  
350v 150,., GENEm070R 

Alotto,ht 

Ry 

6C5 

6C5 

- 
521 Aiot 

bet 

657 

71 

Ya 

/643 - .% I 1-1. r. tranenit ter, construeted lo be " n -t ailed 
in the trunk o' a ear and operated by remote control front the driving 
posit'  1% 11,11 \lb 

e A Comelete 144-Mc. Mobile Station 
1.11, : t t- \i. 11.0 HO ( M01111111,`Ht. sit twit in 

Figs. 16-1310 inclusive, offers two alterna-
tives tir the p:.i.spuctive user. I. inc1tPles a 
transz.eives dc.•slgned for fit ting into the glove 
eompar 0.1.« :Old this is a 00111-

01.10 low-p.rwe7 station in in addition, 
there is a highet-ia:wei transmitter (25 to 30 
watts input; which can le installed in the ear 

13 55t2 bec75 
12 

RFC, 

C12 

RFC3 13 

_2 
C9 I CK, 

— 

Fig. 1011 l:ircuit diagram of the 11 1-Nle. mobile transmitter ald control sy stem. 
inch inside diaglete::". aineled.::',ineli inside diam-

m-•11 long. 
—ii ir,u,rV..17,0 ma. 

li t, It; - I , att. 
112. - ', It'll, I 2 

— 111,1tou ' din-, I %salt. 

Its -- lutte ' 2 %% all. 

RA I - rtirgolim ',own tiumner. 
Rt.( I :2 — olunite Z...1. 
11FC3 - 2.5 millibenr. ,. 
ill C4 — 50 turn- 12 ename;ed 

on 1-inch form. 
RFC>, laC6 — 12 turns No. II en-

(- ter. I inert long. 
IIyi R - relay, 6- volt 

coil. 
11 53 — S.p.d.t. relay, 6-volt coil. 
SI, Si. — t oggle. 
Su - 

—  i tt gls-IiiLi ton mierophone 
tran-i,.riscr. 

Dru', sr transformer. 6C5 to 
ON: grids. 

T3 — Class-15 output transformer. 
6:\ to 5000-ohm load. 
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trunk and operated by remote 
control, in which case the glove-
compartment transceiver is used 
for receiving only. The dual-trans-
mitter plan has the advantage 
that the drain on the car battery 
is reduced when the low power 
output available from the trans-
ceiver is sufficient for short-dis-
tance work. 
The transmitter, shown in Figs. 

1643, 1645 and 1646, uses the cir-
cuit diagram given in Fig. 1644. 
In addition, this unit contains 
both a vibrator power supply for 
the transceiver and the control re-
lays; installing the receiver power 
supply in the car trunk is helpful 
in reducing " hash" interference 
from the vibrator. The trans-
mitting tube is an HY75 modulated by a 
Class-B 6N7, the modulator being driven by a 
6C5 speech amplifier from a single-button 
carbon microphone. Current for the micro-
phone is taken from a " C" battery in one 
corner of the main transmitter cabinet. 
The 6N7 and HY75 plate currents are sepa-

rated from one another by the output trans-
former, T3, and each may be measured by the 
milliammeter shown on the face of the main 
transmitter. The meter may be switched into 
the 6N7 or HY75 plate circuits at points AA 
and BB. Across each set of points is a 25-ohm 
resistor, the purpose of which is to maintain a 
closed plate circuit for each tube whether or 
not the meter is connected. The meter readings 
are not appreciably affected, since the 25-ohm 
resistors represent relatively a much higher 
resistance than that of the meter itself. On the 
panel just under the instrument is a switch, 
S4, with which this change-over may be made. 
The vibrator and 6X5 rectifier circuits are 

thoroughly filtered. The r.f. choke, RFC4, is 

hg. 1645 — Top view of the 144-Mc, mobile transmitter unit show-
ing the HY75 and its tank circuit in the upper center. The relays 
are mounted on a sub-panel in the lower right-hand corner of the 
transmitter box while the ale() equipment occupies the left-hand 
side. The vibrator for the transceiver supply is to the left of the 
relays. 

Fig. 1616 — Bottom view of the t t 1-\ le. mobile transmitter chassis 
showing the placement of the vibrator-supply components. The relay 
near the top of the photograph is the plate relay, Rys. 

by-passed by C7 at the center-tap of the vi-
brator transformer primary for the purpose of 
killing a large portion of the hash immediately 
after it has been manufactured. Across the 
secondary is the series combination, C8 and R7, 
to keep vibrator sparking to a minimum. The 
output hash is filtered by RFC3 by-passed by 
C9 at the rectifier cathode. Ordinary filtering 
of the rectified output voltage is done with the 
filter composed of L3 r C10, and C. Hash which 
might get through to the output via the heater 
of the 6X5 is by-passed by C12. 

There are three control switches on the 
transmitter, all associated with the remote-
control relays. Si opens or closes the winding of 
the filament relay, Rill. 59 does the same with 
the plate relay, Ry2. If it is desired to listen on 
the transceiver while the main transmitter is 
on, 53 can be thrown on to short the two active 
contacts of Ry3 and thereby start the vibrator. 
The contacts of relay Ry3 open when Ry2 goes 
on and puts the main transmitter in operation. 
In this way plate current for the receiver is cut 

off during operation of the main trans-
mitter. However, when it is desired 
to listen to the main transmitter fur 
testing purposes, S3 may be thrown on 
to cause the vibrator to operate. The 
signal in the receiver will be broad, but 
it is possible to tell whether the main 
transmitter is radiating and approxi-
mately in what part of the band it is 
set. 
The photographs indicate the rein-

t ive positions of the parts of the trans-
mitter on the 17 X 10 X 3 inch chassis. 
The tuning cabinet to the right of the 
two genemotors measures 10 X 9 X 7 
inches. 
The controls which require manipu-

lation for a quick lest are located on 
the front edge of the chassis. The main 
dial is provided with a dial lock for the 
purpose of preventing the frequency of 
the transmitter from changing under 
oar vibration. The antenna coil is 
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mounted on an insulating rod sup-
ported in a shaft bushing, so that the 
antenna coupling may be varied by 
rotating the rod. The coupling control 
knob is just above the main tuning 
dial in Fig. 1643. The antenna comes 
in conveniently to the stand-off in-
sulators at the upper left. 
The top-view photograph shows 

two of the relays, those for t ment anti and vibrator, located in one cor-

ner of the cabinet on a common base. 
The relay which controls the gen 
motors is underneath the chassis. 

Fig. 1647 — Front view of the mobile transceiver. This unit fits 
into the glove compartment of the car. The toggle switches re-

The HY75, with two topcaps, is • mutely control the filament aril power supply circuits, both for this 
placed next to the tank coil and unit and for the main transmitter (Fig. 1613) in the rear compart-
condenser. Also, the 6X5 rectifier ment. 
is placed close to the vibrator, shown 
in the cylindrical can, and the power trans- and Eighteen for information on mobile an-
former to which they connect is underneath tennas) should now be adjusted to cause the 
the chassis at the saine place. The plate meter maximum increase in oscillator plate current, 
and speech amplifier components are at the indicating that t he antenna is taking maximum 
right-hand side of the cabinet. power. For close adjustment it is advisable to 

In the under-chassis view, Fig. 1646, the move away from the antenna after each length 
volume control at the right has its shaft ex- adjustment to avoid the effects of body capac-
tended for the width of the chassis, to put the ity. After the antenna has been resonated the 
voltune control connections near the control antenna coupling should be varied to make the 
grid of the 6C5 speech input tube. The under oscillator take the desired value of plate cur-
side of the unit contains the assortment of filter rent. The modulation quality can be checked 
and by-pass condensers required in the circuit by having another person listen to the signal 
shown in Fig. 1644. on the transceiver being closed). 
To adjust the transmitter, close the filament In the transmit tur shown, plate power is 

switch, St, and allow the tubes to come up to furnished by two 175- volt motor-generators 
temperature. Then close the plate switch and with the outputs connected in series to give 350 
check the oscillator and modulator plate cur- volts. Alternatively, a machine delivering 300-
rents, which should be in the vicinity of 60 ma. 350 volts could be used, or a vibrator supply 
and 40 ma., respectively, at a plate voltage of capable of furnishing 300 volts at 100 milli-
300 to 350. With S4 connected to read oscillator amperes or more. 
plate current, tighten the antenna coupling. The transceiver circuit, Fig. 1648, uses 
This should cause an increase in plate current. an HY615 as the oscillator-superregenerative 
The 'antenna length (see Chapters Seventeen tube. The speech equipment consists of a 6C5,' 

ANT. 
elY615 

I 

JAC. ON »OA = 
TO MIKE iCtt 

-;17571 hi-41 
TOMATO,. 

Fig. 1648 — Circuit diagram of the 144-Mc, mobile transceiver. 
Ci — 10-ggfd. variable. 
C2 — 3-30.µµ fil. ceramic trimmer. 
C3— 50-551d. mica. 
C4 — 0.005.µfil. Mira. 

C3 0.003-gbl. paper. 
C7 — 25-gfd., 25-volt electrolytic. 
— 0.01-pfd. paper. 

C9, Cie — 50-gfd., 50-volt elec-
trolytic. 

C11 — 8-gfd., 450-volt electrolytic. 
Li — 2 turns No. 18, inch inside 

diameter, ',143 inch long. 
1.2— 3 turns same as Li. 
Ji, /2 — Open-circuit jack. 
RI — 20,000 ohms, 1 watt. 
1(2— 10 megoluns, j/j watt. 
H3 1-megolun potentiometer. 
114 — 2000 ohms, !,'¡' watt. 
RA, RIO — 0. 1 megohm, 1 watt. 
Hr — 0.5 megohm. 
117 — 250 ohms, 1 watt. 
Rs — 500 ohms, 1 watt. 
B9 — 50,000-ohm potentiometer. 
RFC], It FC2 — Ohmite Z-1. 
RFC3, RFC4 — 20 turns No. 18, 

Ms inch inside diameter, 
13¡ inches long. 

S] — 4-pole 2-position switch. 
D.p.d.t. toggle. 

53 — S.p.s.t. toggle. 
Ti — Transceiver transformer. 
T2 — Speaker output transformer. 
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in,'. 1619 — Top vie%, of the nif,bill• transeei,,•r slimming the horiz.al t al 
tithe mountings for - 1.nrt lead-. The °seal:atm.-deli...tor and a.-,orianal 
r.f, ennui mts are in the dilelded rompartment to the right. '1 he audio 
equipment is arranged aliing the rear. 

working front a sing'e-button microphon(•, 
driving a 616 as a modulator fey the 1[1'615. 
The 6( .5" and 6V6 are used as an audio ampli-
fier for a loud speaker when the unit is use(I for 
reception. 'l'itt ti ii 5('t ive r swit SI, is a four-
section, two-position rotary switeli. One sec-
tion transfers the plate of t he I I\615 from the 
input winding on the anseeiver transformer, 
Ts, to the plat e of the 6V6 to swit ell from re-
ceive to transmit. The seeond section 1,m,.rs 
the 11V615 grid leak resistanee to a suitable 
value for transmit ting nimoyet lug the lower 
end of Ri to ground. The third si ' it discon-
nects the microphone from the mierophone in-
put winding on 7% for receiving, and eonnects 
it to the winding for transmitting, white the 
fourth section makes the apprupria u (-, m-
nection between the speaker and the vi ) lu 

winding ( in 7'2, tut' :IlldiO itilt put, trans-
former. When the mitin transinitivr is being 
used 81 is left in tlte receive pos:tion all the 
time. 
The send-reveive switeh used for the mutin 

transmitter is S(i, it doir,tle-poli• uhatble-tht 
toggle switch. One section of 82 disconnects the 
microphone jack from a shielded line which 
runs to the main transmitter, thereby opening 
the microphone circuit during rereption. The 
other section of S. turns on the main trans-
mitter through relay 1112, Fig. 1644, in the 
sending pt (sition and disconnects the relay in 
the receiving position. 83, a fog:de sw it eh, 
operates a relay in the main transmitter (/?yi, 
Fig. 16.14) which controls the transmitter fila-
ment circuits. 
The front view of the transreiver, Fig. 1617, 

shows a eabinet with dimensions of approxi-
mately 9 X 6 X 4 inches. This allows ample 
space on the panel for the gain and regenera-
tion controls which are shown with pointer 
knobs, and for t he acljaeent send-reeeive switch 
with its circular knob. The two toggle switches 
at the left control t Ite filament and main trans-
mitter plate supplies through two relays, Ryt 
and Ry2 in Fig. 1641. A speaker is plugged into 
one of the jacks at the left and the single-but-
ton microphone goes into the other. Cables to 

the power supply from the panel 
of the main transmitter are shown 
in t hp rear. Several half- inch Itoles 
drilled in the top of the ( ais(• pro-
vide ventilation for the tubes in-
sid(•. Tubes ; try horiz( en-
tally. '1'llis arrangninent, places the 
terminals tif the siirkets right at 
t he conneetions to romponent 
parts which are mounted within 
the front spetion of the unit-. Ex-
eeptions are the microphone and 
output-stage transformers. 7'1 and 
7'2. They are mounted at th(• oppo-
site ends of thy t op section and as 
far front one another as spa (.,. will 
permit. Ad of the r.f, equipment 
is confined to the compartment at, 
the right. Fairly close coupling 

between t he antenna and tank coils is provided 
in the t,ransceiver. 
To test the operation of the transceiver as a 

rereiver, first throw on the filament switch, 
82. Relay Ryi then closes and simultaneously 
the vibrator starts, through the artion of relay 
Ryiu. '1'he familiar backgrtiund hiss should then 
be heard and some stat ions might cunit. in N t he 
niain dial is rotated. Sometimes, just manipti-
lathm ( ii the rt•getterat ion control will cause t he 
revel Vi ' t' to " come alive," if it, sta•ms ilea ( I at 
the start. As a simple test of operation, touelt 
the antenna. The rereiver noisc should dimin-
ish instantly as an indication that the eircuit is 
operating properly, lit order to set the tuning 
Si) that the Imndspread con( tenser ran rover 
the band properly, the adjust taunt screw on 
C't may hi' reached from t he top of the cabinet 
just to the left ( if the I1Y615. 
Onve the revel ver operation has been 

checked, it is pi:wile:illy rertain that the tube 
will function as a transmit it . Nuillatur, bar-
ring any errors in the transceiver switching 
cireuit. 
When a mobile transmitter and its power 

supply are installed in the car trttn — usually 
the place where the most room is availalile, 

Fig. 1650 — A parallel-line push- mill 111 615 oscillator 
which operates on either lit or :220 in changing the 
positions of the primary and secondary shorting bars. 
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Ant 

Fig. 1651 -- Cin-tilt diagram of the push-poll I Il 220-N1c. oscillator. 
Ii — W10 ohms, 10-matt. 
Ii — Plate line: o.d. cooper tubing, length 12 inches, 'paced 

di: ier of tubing. 
I.2 — 1.1-inelt diameter e.bpper tubing, length I() )(idles, 

spaced inch. 

:111(1 most V011 tO ad` allto011a 'ova-
tion — it is atIvisab1e to use a separate storage 
batt(•ry to operate t he equipment rather than 
to attempt to run a long 1(•ad from the regu-
lar car battery. Since the eurrent drain is 
rather high. the voltage drop in such :0 lead 
will be excessi\-p. However. t he separate bat-
tery readily may he connect i,1 to the car bat-
tery so that it will " float " across the latter, 
thus avoiding the necessity for periodic re-
charging. 

Parallel-Line Push-Pull 144- and 
220-Mc. Oscillators 

Figs. 1650-1652 sthow a low-powered push-
pull oscillator using a linear tank circuit of the 
'tuned-plate 11111(41-cathode - varit•ty. which 
gives reasonably cood stability and efficiency 
on 114 and 220 Me. Using 11 \ 615 tubes, the 
unit is capable of about five watts output : at 
14-1 Mc. and somewhat less at 220 Me. 

The transmitter is built on :1 2 1:j X I I:, X 15 
inch ehassis bent from sheet. aluminum. The 
sockets for t lie tubes are oriented so t hat the 
plate caps fare the left-hand end of t he chassis. 
The plate lines are held together rigidly Iv 
sturdy copper strap at the shorted end and 
by a ptdystyrelle bar at a high-potential point 
IU :iI lue tubes. 
The cathotle lines are mounted underneath 

t he chassis. At one end they are eonneeted di-
n•etly to the rathode terminals on the tube 
sockets, the other ends being st rapp(•(1 toget her 
and supported by a Sinai' el:1%1111k pillar. The 
heater leads, of rubber-coyered hook-up wire, 
go through these lines as shown in Fig. 1651. 
The eat hode line is equipped wit Ii a sliding 

elainp-t ype shorting bar, while two similar bars 
arc installed on t he plate line. These ant made 
of brass strip, bent around the parallel rods. 
l‘laeltine screws and nuts hold the clamp firmly 
in place. 

ln preliminary adjustment for 1-14 Mc. op-
eration, the cathode bar is set near the end of 
the line most distant from the tube sockets. 
lioth plate bars are first set at the shorted end 

of the line. To provide protection for the tubes, 
a 1000- or 2000-ohm protective resistor should 

be connected in series with the 
plate supply lead. A 0-100 or 
equivalent milli:mu-n(4er also 
should he placed in series with the 
high voltage lead. With heater 
power applied, check for oscilla-
tion as indicated by a dip in plate 
current when one of the conduc-
tors is touched with an insulated 
screwdriver or a neon bull). If no 
oscillation is apparent, the effec-
tive length of tint cathode line 
should be extended by moving the 
sliding bar toward the tube end. 

The frequency of ti te oscillator may be ad-
justed to resonance, using Lecher wires or 
equivah•nt measuring means, by moving the 
primary sliding bar (the one nearest the tubes) 
on the plate ilia. toward the tubes until the 
desired operating fret pieney is reached. 

For 220 Mc, operat ion t he primary bar is ad-
vanced about siN inches t , ward the tubes. The 
secondary bar is als.) moved, until oscillations 
occur. Some $hort cning of the effective length 
of the cathode line linty be necessary. If the 
resulting frequency is not the desired operating 
frequency, adjust the t IV I I plat . shorting bars 
simultanetatsly until the correct points for 
maximum output at the desired frequency 
have been determined. 
The funct ion of the primary shorting bar is 

to establish a length cd line which, with the self-
rapacity of the tubes, will be correct, for the 
desin.(1 frequeney. 'Ile secondary shorting bar 
estalelislies an isolating quarter-wave section 
equivalt•nt to an I', h. choke. The position of the 
secontlary bar has some effect upon the fre-
quency of oseillat it III. although the spacing 
bet ween the two bars need not bear an exact 
quart t- u-wave relationship. 

Fig. 1652 — Underneath view of the 1.14/220-Me. 
linear oscillator showing placement of the cathode lines. 
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Fig. 1653 — A 144- and :220-Me% oscillator using linear 
tank circuits in the plate and cathode eireuit.:. The 
cathode line is t WWI! 11\ a condrrNer. The ina of the 
cathode condi•oser is i•riiical both in ',curing ,,scillation 
and maximum output, but ha- aluto-t no effect on the 
generated frequeney, the lattrr ' wing rl, irrirtittid by the 
length of the plate line. The °tap.' eiiiipling is ailt;tsied 
by bending the link toward or away front the line. 

41 Higher-Power Linear Oscillators 

The general method of construction illus-
trated in the push-pull IIY615 oscillator may 
be followed in building higher-power oscilla-
tors for the 144- and 220-Mc. bands. A repre-
sentative oscillator is shown in Figs. 1653, 
1654, and 1655. It uses type 24G tubes, but 
may readily be adlapted to any of the several 
types of tubes having similar terminal arrange-
ments; that is, with the plate lead out of the 
top of the bulb and the grid lead coming from 
the side. 

Fig. 1654— Circuit diagram of the 24G linear oscillator. 
CI, Ca, C3, C4 — 500-aufd.  • let mica. 
Ci — 25 mad. per section (Cardwell F.11-25-A14). 
1.1— Plate line; %-inch o.d. copper tubing 15;¡ inches 

long, with adjustable extensions of %-inelt o.d. 
tubing 04 inches long. Approximate total line 
length for 144 Mc., 1954. inches; for 220 Me., 
1.0:¡ inches (with extensions removed). 

La — Cathode line; 3%-inch o.d. copper tubing 1.P4* 
inches long. Approximate length from filament 
end to shorting bar with Cs at half capacity: for 
1.14 Mc., 73,4 inches; for 220 Mc., 5 inches. 

RI— 2000 ohms, 10 watts (see text). 

In this oscillator, which uses tubes having 
directly-heated filaments, the filaments are 
connected to the cathode line through by-pass 
condensers; there is no direct connection be-
tween the filament supply leads and the line. 
Filament-supply leads from each tube run 
through the pipe nearest that filament. The 
filament or cathode line is provided with a 
shorting bar for coarse adjustment. to I he hand 
in use, but actual tuning of the line is done 
with C5. This is convenient, since tlw adjust-
ment of the cathode line is critical for best 
operation. 
The plate line, Li in Fig. 1654, is equipped 

with sliding extensions for adjustment to the 
144- Mc. band, since a standard 17-inch chassis 
is tl )0 short to accommodate the whole line 
even with the shorting bar at the end. With 

Fig. 1655 — Underneath the chassis of the 24G linear 
oscillator. The shorting bars are made from two pieces of 
1/16:inch thick brass strip 3. inch wide. formed to fit 
the pipes and held together by a machine screw, the 
lower strip being tapped. 

the extension pipes all the way in (protruding 
length .1 t•i inches) the shorting bar may be set 
so that the oscillator is at 148 Mc. Other fre-
quencies in the band then can be reached by 
pulling out the extensions until the desired 
frequency is reached. 

Connections between the tube elements and 
the lines should be kept as short as possible. 
However, flexible leads should be used to the 
tube plates to avoid danger of breaking the 
seals during adjustment of line length. 

Wit It the 24G tubes the plate-supply should 
furnish about 900 to 1000 volts at 100 milli-
amperes or so. An input of about 100 watts 
can be used on 144 Mc. without exceeding the 
plate dissipation ratings of the tubes. If other 
tubes are used the input should be held to the 
point at which the plate dissipation rating is 
not exceeded. In general, tubes of this type 
require relatively high plate voltage and low 
plate current to work at optimum efficiency. 
The value of plate current can be regulated 
to a considerable extent by choice of grid-leak 
ru,•iatance, higher values giving lower plate 
C111 rt`114. 

iq A Simple Transmitter for 220 Mc. 

At frequencies higher than about 150 Mc., 
considerable difficulty is found in getting good 
performance with tubes other than those de-
signed expressly for v.h.f. operation. However, 
there are several inexpensive v.h.f. tubes avail-
able to the amateur t hat will perform well on 
220 Mc. The transmitter in Figs. 1656-1658 
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Fig. 1656 — A 220-Me. transmi:tcr using an I l tube. 
A reetanguldr clearance hole- in the ,bassis allows 
the t g condenser to he. mounted for -.hottest leads. 
The condenser is adjusted by an insulated screw driver. 

shows how one of these types, the HY75, may 
be put to work in a basically very simple 
oscillator circuit. 
The transmitter is built. on a 3% X 6J';j-itelt 

piece of %-itich Presdwaod supported by two 
strips of 1 X 2-inch woo.!. A rectangular hole 
is cut in the center of the Presdwood ta ac-
commodate the tuning condenser, which is 
supported by two metal pillars at one end. Tim 
tuned circuit consists of two lengths of 3.¡-in«li 
copper tubing, 3M inches long, which are sup-
ported at one end by two feed-through insu-
lators. The ends of the screws in the feed-
through insulators are sweated into thé: ends of 
the tubing, and the tuning condenser is con-
nected to two lugs right :It this point. Connec-
tions from the tubing to the grid and rlate ter-
minals on the tube are made by Yinclt lengths 
of flexible shield braid. The filament chokes, 
the plate r.f. choke, and the grid leak are 
mounted under the chassis. 

14V7S 

RiC2 

6.3%, 
I 

Poiciete‘n 
Transformer 
Cemier (et, 

Fig. 1657 — Wiring diagram of the 23")-1N1c. wedlator. 
Ci — 100-egfd. midget variable (National LM-130). 
lI — 5000. ohms, 10-watt wire-wound. 
Li — %-ineh copper tubing. 3% inches long, spaced 3'2-

inch on centers. 
L2 — 2-inch loop of No. 16 bare wire. 
RfeCt — .h.f. r.L choke (Ohmite Z-1 or Z-0). 
RFC2, RFC3 — 10 turns Na. 18 e., close-wound on 34 

inch diameter, self-supporting. 

 o 

C, 

400 

The antenna-coupling circuit consists of a 
loop of wire parallel to the copper tubing and 
terminating in the antenna binding posts. 
Coupling is varied by simply moving the hair-
pin loop nearer to or farther away from the 
copper-tubing line. 
The transmitter should first be tested with a 

dummy load. A 10-watt lamp bulb is ex-
cellent for the purpose. The load is connected 
to the antenna posts and the power supply 
turned on. If everything is connected properly 
the lamp will light, its brilliancy depending 
upon the tightness of coupling and the setting 
of C1. It will be found that the output is greater 
towards the maximum-capacity end of the 
range of C1. The frequency coverage of the 
transmitter should be checked, using Lecher 
wires or a frequency meter, to make sure that 
it will cover the desired range. The coverage 
can be adjusted slightly by changing the 
separation of the copper-tube conductors; if 
this does not effect enough change, the lines will 
have to be made either shorter or longer, as 
required. The tuning condenser is adjusted by 
means of an insulated screw driver. 

Fig. 1658 — The r.f. chokes and the grid leak are 
mounted under the chassis of the 220-Mc. transmitter. 
The power-supply cable is brought through a hole in the 
side piece to a tie strip mounted on the left-hand side. 

The transmitter requires a plate power 
supply delivering 60 ma. at 400 volts, and the 
modulator unit should be capable of furnish-
ing 12 watts of audio power. The 6A6 modu-
lator described in Chapter Fourteen will be 
quite adequate for the purpose. 

Because of its small size, a transmitter of 
this type can be built as a unit into a rotat-
able antenna for the 220-Mc, band, if desired. 
It is preferable not to use a long transmission 
line at this frequency, because of the possibil-
ity of radiation from the line. 

IQ A Disc-Seal Tube Oscillator 
for 144, 220 and 420 Mc. 

At frequencies above 300 Mc. or so tubes of 
conventional construction will not operate, for 
the reasons outlined at the beginning of this 
chapter. The disc-seal or " lighthouse" tubes 
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will function nicely, however, in ordinary 
linear circuits at frequencies up to several 
hundred megacTles. No special types of cir-
cuit ('onstructito. t'suelt as cavity resonators) 
are regitir ..d, I beret., ere, When disc-seal tubes 
are used ill I he 420- Mc. baud. 

Fig. 16.-;,) of 

the Lund, of - light-

house- de, el-

oped during the ,sar 

hir 

part if•ular tube 

(2):111 is a triode 

rated at 211 isalt-

lIl.i\ Illllllil 11111111. 

ilÉ• 111111. I. lllll 

(ion i•-• :it the top. 

_rid .   lion 

t he metal iii-i' iii 

t he venter, the 

metal part of the 

illf . r.f. cath-

ode eonneetion. and 

the heater and d.e. 

1,11110111, 1•111111I•o•-

(1.11- are through 

t he Octal lize,e. 

A photogiaph Of the 2C-41, a low-po \vet. 
lighthouse ((lode, is given in 16.-0.). The 
heater and It.... esa hot le leads are brought 4.111 I() 
pins in a r. i vi ' ii t girt sil base. Thi wit le 

metal band thy liast• i: the 
r.f. eat hode eon tiret titi St luth  (101111(11. 

'Milt 100-,tot ..I. roni.I enser to the the. Cathode 

Conn(.'r( ion ( trough I 001 through 

the Nos. :3. . trid S pins). Tit, rat lu-
oui.' pillar e ,(. rt(Is up to ivit hin 
few thousandths of an lilt of the 
grid ( list. ( the con%ritl nuisit dise) 
and lias ils emit Img surface only si 

the flat end ', Ft Ills pillar. The heater 
is mounted side iie pill:ix directly 
under surfave. The grit, 
disc has si lioh‘ putn-heit in its cen hir 
(slightly 1-2.•,a. in area than the 
cathode surfare) acr,,ss which is 
stretched the tine nit‘sh of the grit I. 
l'he plate toPar (. 7.10tols down to 
within a fi.w thousandths 01 an 
¡pelt 01 I gr,d, and connection tothe plate is 
made at Ito.. t,))). 

Details of construction of a transmitter 

using the 2C-11, for operation in the 144-, 
220-, and 420-Mc bands, are given in Figs. 
1660 to 1663, inclusive. Using parallel lines, it 
is only necessary to change the posititm of the 
shorting bar to obtain output on any of tlw 
three band, shorting bar is moved to a 
previousl --ealihrated point on the lines atol 
locl:(41. and then any frequency within the 
amateur band is old :lined by ',riper setting of 
a tuning condenser connected across the lines 
at t he point where t hey ecentievt to the tube. 
Ili, antenna coupling loop is connected to the 
shorting bar so that the two are moved 

nit iltait,'i,iisiv. 
The cirouit shim,' in Fig. 1661. It will be 

reettgnized as the ronventional circuit used in 
most 111- Me. gt•ar. The only eritical compo-
nent in the unit is /iF('2, the grid choke. 
There is an optirtium value of choke for any 
one frequency. with t\ hieli maximum output 
will be obtained at that frequency. but the 
value shown is a good eionpromise for the 
three-band range of this transmitter. The 
eath.de 15 5,1 ,()vi. ground by and RFC4, 
but thest• inductors are to it eritival. 
The transmitter is built on Si 6- bv 28- by 

1-inch board. 'Ille " void" ends of the 
roils used in the line are supported hy two 
pst titi 1/11 , 11111gS MOUniegi ill 00 al1110i11001 

bracl:et whiela is fastened to the baseboard. 
l'huse two panel bushings are of the Ittel:ing 
type and inal:e it a simple matter to position 
the rods properly. The plate roil is terminated 
at the plate and in a hole in the plate i'st ji. .1:lie 

!RFC, 
cz 

C3 

ONO 

635, 

T .C5 
0. SOO 

Fie. 1661 — Cirenit diagram fit tin. three-band oscillator. 

— te•I and Fig. 2. 

( — Iii µOA. 

— 100 mµfil, inka. 

RI — 3000 obeli-. 1, i:tit ', tripe:him,. 

— 13 turns No. It; enans., diam., dust's. I. 

luI — 23 turns \ o. Il ettain., diam. spaced mire (liana. 

El"( st, It It - 111. choke ((Jlimite Z-1). 

plate eap consists of a 1(,-incli length of 
diameter lira,•s rod With st .,-i hole drilled 
in the center anti a 1.¡-inelt hole (trilled in the 

side. lloles are 

Fig.1660- tlir o-eilla tor ( 111, 220 and -120 Me.) using the 2C I. The shorting liar on 

the parallel i- 1111,1,1 tin' proper point and locked. and tuning II% er the band is accotai-
plished by the home-wade variable condenser mounted at die ends of the lines near the tube. 

drilled at right 
angles to the 
large holes and 
tapped lu ( t' 6-32 
set screws. 'flie 

bole fits 
over the plate 
cap of the tul)e, 
and the 
hole slides over 
the end of the 
plate rod. The 
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Fie. 1662 — % ieu of the timing eondenser of tlie three-leand 
tor shims the details of the socket mounting and tube 

conocciion- N‘ I IJUNI r. 

grid hall' of the parallel line is approximately 
one inch shorter than the plate rod, to provide 
room for the grid condenser. Tile grid end 
of tin' lint' is soltIntrit'd ht' ti ' iit:ill ItolYstYrone 
post, and the grid socket is inade by forming 
a narr.ov band of copper around the grid Ilise 
of t he light house and tightening it with a 
2-56 In:whine screw and nut. 

'flic shorting bar for the parallel lines is made 
of t wo loel:ing-type panel bushings set in a 
copper strap. These bushings are tightened 
just enough to insttre good contact and still 
allow the bar to slide without t .»i notch effort. 
It. is imperative, therefore, that the two rods 
be smooth and straight, although they can be 
either brass rod or brass tubing. The coaxial-
cable connector fie the antenna feed line and 
the antenna loop are mounted to a piece of 
,146 bal:elite bolted to the shorting bar. 
The ant ..tina 1.s.p rit its t he lines so that, 
it will not lilt t he tuning condenser when the 
shorting bar is near t he cionlenser. The size of 
the loop may vary with different antennas but, 
in general. it should be about. 2 inches long and 
spaced the same as the lines. '1'11., coupling 
can be increased by bending the loop closer to 
the lines. 

tuning condenser is of the split-stator 
type with the rotor floating. The stator plates 
eonsist . ff two strips of capper, ,; 1(; inch it hie 
by I inch long, formed in t wo arcs and soldered 
to the tuning rods (see Fig. 1663). The rotor 
uses a piece of diatneter polystyrene 
rod through whirli is drilled a 11-inch dianwter 
hole for a baltplite or polyst yrent. shaft. If 
desired, the soli. I polystyrene I'titi be Eel/I:Wed 

by a diameter coil form by centerititig 
disc of polystyrene to the open end of the coil 
form, 

rotor plate, a U-shaped strip of copper 
one inch square, is formeti and then cemented 
1.) t he polystyrene form. A U-shaped 'drip is 
necessary because it was found t hat. at 450 Me, 
a cylintirical rotor acted as a capacitor pi:: te 
as it was first brought near the stator plat 's, 
but as rotation continued the rotor began to 
act as a shorted turn in the field of the lines, 

thus eounteracting the effect of 
the additional vapaeity and limit-
ing t he t u : Ling range to only a small 
frequency variation. Two metal 
brackets with panel bushings are 
usts1 to support t he rotor shaft. It 
is a good it to mount the panel 
bushings in slots rather than the 
usual clearance holes, so that tlie 
shaft ran be moved tow., the 
stator plates until t he desired ca-
pacity range is obtained. 

tube socket is mounted on 
an aluminum bracket %Odell is 
screwed to t he baseboard. No con-
nection is made to the t'. f, eat hode 
conneetion beeause the oscillator 
was found to work better over the 
entire range that way. 

Forced ventilation must be used on the tube 
if anyt ! dug like the rated maximum input of 
20 watts is to be used. As much of the plate 
heat as possible must be eoinittett•ti away by 
the plate rod, and for this reason the connec-
tion bet ween plate and rod must be as good as 
p.issible from a heat as well as an eh.ctrical 
standpoint. The foreed ventilation of the plate 
can best be obtained by the use of a small 
el. .et rile fan whose blast is directed at the plate 
ci inflect ion whenever die plate power is ap-
plied. A small blower tube ran be rigged up 
front stiir cardboard and attached to the 
fan. 

Osu'i lltut ii ou van be determined by using a 
small neon bulb or a flashlight lamp and loop 
of Wire held nisi, to the lines. Grid current is 
also an exeellent oscillation indieator. If no 
oscillation is obtained, it. probably means an 
inc,trreet grit 1 choke, and its eonstruction should 
be cher kill or In...lined slightly. 'fo get the best 
efficiency, partieularly on any one band, may 
require some slight revision in the inductance 
of the grid rhoke or in the value of the r.f. 
by-pass capaeitors, the effect of such changes 
being checked by watching the output as Unh-
eated by the lamp load and the input as indi-
cated by a plate milliammeter. Tuning up 
si tua  be done at redue.).1 plate voltage, say 
arimml 250 or 300, at which value the loaded 
plate si otdd run around 15 to 20 ma., 
after width the maxiiinint input of 40 ma. at 
500 volts can be applied if considered necessary. 

Shaft beann9 

1"Poie 

e27.-Cernent to , 
Polystyren 

Coppen 

ibanente 
Shaft bearing 

Bracket ., ;;> 

Soft solder 
to lines 

Fie. 1663 — Constructional and assembly details of the 
tu ll i ll g capacitor for the 141/220/420-Mc. oscillator. 



372 THE RADIO AMATEUR'S HANDBOOK 

A 

Fig. 1664 — The induetanee in the circuit depends upon the patht 
taken by the radio-frequency current, as explained in the text. 

A good set of Lerher wires or an avettratily-
calibrated absorption wavemeter is essent ial for 
finding the different amateur bands. Although 
a wire line is pr((bably the 1110St convenient for 
the 144- and 220- Me. hands, a loon. rigid line 
for the 420-Mr. hand call he made by using 
14-inch rod or tubing, :supporting it in the 
same manner that the tuned circuit is sup-
ported for the oscillator. Alter the oscillator 
has been calibrated, a cardboard scale can be 
added to the baseboard and the positi(ms 
marked for the three amateur bands. Tii( ap-
proximate settings of the shorting bar follow: 

Distance from Center of Plate 
of 2C44 to Shmling Bar 

14 inches 
8% 
2% 

Ft...gurney Range 

138-152 Mc. 
215-230 " 
418-452 " 

Considerable care must be exercised in mov-
ing the shorting bar (and in removing the tithe 
from its socket) because of the possibility of 
breaking the tube seals. 

41. A Tuned-Circuit Oscillator 
for 144, 200 and 420 Mc. 

Oscillators in the 200- to 500-Mc. range 
usually are designed to use tank circuits of 
either the parallel-line or coaxial type, these 
linear circuits being employed because of their 
high Qs. In addition, there is the fact that at 
these frequencies the dimensions of ordinary 

components are such that distributed 
inductance and capacity become an 
important factor in circuit operation; 
for example, a variable condenser of 
conventional construct ion is not a 
pure ea irlcity but possesses appreci-
able induct:(nre as well. 

Howev(a., despite the high Q of res-
onant lines as such, the circuit Q at 
u.h.f, usually is not very great be-
cause much of the inductance and 

capacity in the circuits is contributed by 
the tube elements and 1*•:1(Is. These elements 
are not patticularly high-Q in themselves, 
and in combination with the loading effect 
of the tube they reduce the effective cir-
cuit Q to a low value compared with that 
obtainable with an unlomled line. Actually, 
the stability of an oscillator becomes more a 
function of rigid mechanical construction than 
the electrical properties of the circuit. 

Ry proper design it is possible to use coil-
am l-condenser tuned circuits at these fre-
quencies. although the physical construction 
ti the circuits may differ considerably from 
prartice at lower frequencies. The advantages 
ut u' compact construction, readily-adjustable 
tuning without elaborate mechanical devices, 
and a high order of frequency stability. The 
guiding principle in design is the reduction of 
inductance in all parts of the circuit except 
where it is actually wanted. 

Inductance can be reduced by making the 
r.f, current flow in pat its such that the mag-
netic field set up by tile current is as weak as 
possible. The general prinriple is illustrated by 

dises shown in Figs. 1664-A and -B. If the 
current enters the disc at A in Fig. 1664-A and 
leaves at 13. it spreads over the disc about as 
shown by the arrows and each current " tila-
nu•nt" contributes to the total magnetic field. 
However, if the current enters at the center 
of the ( lise and h•a yes at the cireumference. as 

in Fig. 1664-B, the 
field from current 
flowing outward in 
one direction is 
partially cancelled 
by the field from 
current flowing 
outward in the op-
posite direction. 
Tile total magnetic 
field, and therefore 
the indurtance, is 
conse( [(Wilily less 
than in Fig. 1664-
A. This principle 
of reducing induc-
tance by cancella-
tion of fields also 
can be applied as 
shown in Fig. 1664-
C, where a half-
wave line, shorted 
at both ends, is 

Fig. 1665 — Using an LC tank circuit, this oscillator generates about 1.3,'¡ watts of 
r.f. in the frequency range from 140 to 450 megacycles. Exceptionally solid construction 
results in excellent frequency stability. The tube is a 6F4 acorn triode. 
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A+ B + 

Fig. 1666 — Circuit d;agram of the 410-150 Me. oseil-
lator. The oscillator t aise is a 611, tira.. t, here in uneons 
vent . al fashion to lubW the tube elements are tied 
in with circuit construe) ig 
( 30-apfd. filies. s . nstrueted as described in the text. 
— 100-mpfd. nii,k,t mica. 
— 500 mad. ( Eriet ;t•ralliie011) 

lii — 0.22 megolims, ' at t. 
R2 — 0.5 011111. t. 

— 1.11 Me.: 31, turns No. 12 silvered wire, I ?"., inch 
inside diameter. .; inches long. 

220 NI e.: turns -No. 12 silvered wire, I inch 
inside diameter, I inches long. 

420 Me.: I 2 turn No. 12 silvered wire, I.', inch 
inside diameter. 

Dinaensions of the t g condenser arc given in Fig. 
1665. 

tuned by a condenser connected to the cen-
ter (electrically equivalent to two shorted 
quarte) -wave lines in parallel tuned by a con-
denser at their open ends). Currents flowing 
into or out of the condenser from the two 
sections of the line, It and 12, enter or leave 
the condenser from opposite directions along 
the line. (•onsequently there is partial cancella-
tion of the fields in the region of the center of 
the line and the inductance is smaller than 
would be the ease with either line allow. 

In the oscillator shown in Figs. 1665 to 1668, 
inelusive. these principles are employed to 
obtain an extended high-frequency range with 
a coil-and-condenser tank circuit. The circuit 
diagram is shown in Vig. 1666, and tIn• photo-
graphs show the details of construction. Basi-
cally, the assembly consists of two very heavy 
brass plates which do double duty. acting as 
tube mounting supports and as the stator 
plates of the tuning condenser. The tube is a 
6F4, which in itself has symmetrically ar-
ranged grid and plate leads and thus carries out 
still further the principle of inductance can-
cellation. In addition, the method of connect-
ing the tube to the line is such that the lead 
wires to the tube are shunted by low-induct-
ance brass plates, causing lead length to have 
very little loading effect on the line. 
On each end of the stator plates is mounted 

a small coil which represents most of the in-

ductance in the circuit. By making the coils 
self-supporting and of heavy gauge silver-
plated wire, losses are kept to a minimum. 
Three amateur bands are covered by the three 
sets of coils shown, the one-turn set tuning 
from 417 to 456 Mc., the 2-turn set from 215.6 
to 230.8 Mc., and the 4-turn set from 141.2 
to 151.9 Mc. The coils are mounted to the 
stator blocks by means of 6-32 screws and 
soldering lugs so that they may be readily 
removed. On either side of the grid stator 
plate is ;1 small brass block spaced off from 
the main assembly by a mien sheet. These 
act as low-inductance grid condensers. 

In order to permit band setting for proper 
bandspread, two small disc-type trimmers are 
mounted between the stator blocks directly 
underneath the tube. When these are adjusted 
it is advisable to keep the airgaps approxi-
mately equal and thus avoid unbalancing the 
circuit. 
The frequency stability of the oscillator is 

excellent because of its rigid construction. A 
Shari) blow on the table causes the frequency 
to shift only several hundred cycles at 400 
megacycles. The warm-up period is very short 
and is mostly due to the effect of the heater in 
warming up the other tube elements. Once the 
tube reaches operating temperature, frequency 
drift is negligible. 

With a plate voltage of 250 volts the 6F4 
will deliver approximately 1.5 watts, which is 
much more power than can be obtained from 
the usual transceiver oscillator, and is ample 
for low power work at these frequencies. The 
oscillator also may be used as the high-fre-
quency oscillator in a superheterodyne re-
ceiver. For maximum stability the 200,000-
ohm grid leak should be used. By increasing 
the value of the grid leak the unit may be 

Fig. 1667 — A view front underneath the 6F-1 oscillator, 
with tac mounting plate taken off. This shows the con-
struction of the tuning condenser rotor and the two grid 
condensers. 
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6-32 Fig. 1668 — oithe tuning-einuien.4-
a—enilil of the fir I "-riliaIor. Tip -igh, e•iatiir plate. 
should he tapped to tit sotlet contaet.,. 

Used as a superregent.rative reveiver. Higher 
plate voltages, up to :i00 volt,. may he applied 
provided the rated plate of 2 watts 
and the maximum plate current of 20 111:1. nr 

the 6.F4 are not exceeded. important point 

to remember is that the tuning condenser 
slur odd not be grounded. veramic coupling or 
shaft i, tri ie preferred to One made 1)al:elite, 
sitien' hal:elite is not a good insulator at the 
higher frequencies. 



ehapter Seventeen 

Antenna Construction 
Tilt; list; of good niaterials in the an-

tenna system is important, since the antenna is 
posed to (vind and weather. To keep ekte-

trical losses low, the wires in the antenna and 
feeder system must haVe good conductivitY 
and tue insitlan ,rs must have low dielectric 1.1"5 
and surface leakage, part it•ularly when wet. 

Forslc,rt antennas. No. 1-1 gauge hard-drawn 
enameled re ipper wire is :1 Sa TiSfa It ry endue-

tor. For long antennas and direetive arrays. 
No. 14 or No. 12 enameled eopper-clad steel 
wire should be used. It IS best to make feeders 
of ordinary soft-drawn No. 14 or No. 12 enam-
eled copper wire, since hard-drawn or copper-
dad steel wire is difficult to handle unless it is 
under considerable tel  at all times. 'llte 
wires should be all in (die piece; where a j.lint 
cannot be avoided, it should he carefully s.,1.1..red. 

ln building a resonant two- wire feeder, the 
spacer insulation should be of as good quality 
as in the antenna insulators pniper. l'or this 
reason, good eeramic spacers a Fe advisable. 
Wooden dowels boiled in paraffin may be used 
with (tonne(' lines. but their use is not rec. «-
Mended for tuned The w....den dowels 
can be attached fi) the feeder wires by drilling 
51(11(11 holes and bimling them tue feeders 
with wire. 

3 TOP 
Guys 

ANT 

Three 2 x 2 S t 
Each 22 

TOTAL HEIGHT 
40 FT PLUS 

6uri front on,! bock 7.- here- no side 5tuys 
riecessary 

-::---- Carriarie bolts 

.'Drill 41" hole thru 
upri9hts and hornirrer 

in,spihes 

e4.1rolt II II 4' Carriage bolt 

Spread b' r- orso 

Fig.. 1701 — Details of a simple 40-foot - mast 
suitable for erection in locations iiiere space is limited. 

The ends of tinted feeders or the ends of the 
anteinia are ponds of maximum voltage. It is 
tit these points that the insulation is most 

and Pyrex glass, Isolantite or stea-
tite insulators with long le:d:age paths are 
recommended f. l he antenna. Glazed porce-
lain also is satisfactory. Instil:Ours shotild be 
cleaned once t wit e a year. t•sperially if they 
are sul(jected to much smoke and soot. 

In poles or masts are desirable 
to lift. t Il)' antenna clear of surrounding build-
ings, although ill s((nte locations the antenna 
will be sufficiently in the clear when strung 
from one chinine: to another or fr0111 a chim-
ney to a tree. Small trees usually are not satis-
fartury as points of slistrension the antenna 
because of their nu ,vement in windy weather. 
If the antenna is strung from a point near 
the center of the timid: of a large tree, this 
difficulty is not so ›erittiz,. Where the it 11T(.1111a 

Wire IlltIst I w strut u; from one of the smaller 
brandies, it is best t., ti.' :1 pulley firmly to the 
branch and run a rope through the pulley to 
the antenna, wit li I lie It her end of the rope at-
tached to a count,rweight (tear the ground. 
The counterweight will keep the tension on the 
antenna wire reasonably constant even when 
the lo.:11) ,•hes sway or the rupe tightens and 
stretches with ).. aryingclitnatic conditions. 
The war has brought about the development 

of easily-erected plirlable masts made of ply-
wood or metal in heights up to 100 feet. These 
0.0mjse to ha ve wi.jespread amateur appliea-
lion in post war installations. 

"A"-Frame Mast 

The simple and inexpensive mast shown in 
Fig. 1 701 is satisfaetory for heights up to 
35 ( n. 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 
(ample of stakes should be driven to keep the 
bottom from slipping :1101 it may then be 
"walked up" by a pair of helpers. lf 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 f..r two men to perform the complete 
operation -- lifting the mast, carrying it to its 
per berth and fastening the guys — 
with t lie mast vertical all the while. It, is en-
tirely practicable, therefore, to erect this type 
of mast on any small, flat area of roof. 
By using 2 X 3s or 2 X 4s, the height may 

be extemled up to about 50 feet. The 2 X 2 is 
too flexible to be satisfactory at such heights. 

375 



376 THE RADIO AMATEUR'S HANDBOOK 

E. Simple 40-Foot Mast 

The mast shown in Fig. 1702 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 half way 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 t1;e bolts should he thrilled before-
hand. With the lower seetion laid on the 
ground, bolt. A should be slipped in place 
through the three pieces of wood and tightened 
just enough so that the section can turn freely 
on the bolt. Then the top section may be bolted 
in place and the mast pushed up, using a ladder 
or another 20-foot 2 X 3 for the job. As the 
mast goes up, the slack in the guys can be taken 
up so that the whole structure is in some meas-
ure continually supported. When the mast is 
vertical, bolt B should be slipped in place and 
both A and B tightened. The lower guys can 
then be given a final tightening, leaving those 
at the top a little slack until the antenna is 

TOP GUYS 

CENTER GUYS 

Fig. 1702 — A simple 
and sturdy must for 
heights in the vicinity 
of 40 feet, pivoted at 
the base for easy erec-
tion. '1'he height can 
be extended to 50 feet 
or more by using 2 x 
4s instead of 2 X 3s. 

r. b 

10' 

20' 

20' 

20' 

to, 

/roc 
Strap 

1703 — T-gerlion mas made 
of overlapping 2 X Is or 2 X hs. 

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 SO feet is shown in Fig. 1703. The mast 
is built up by butting '2 X 4 or 2 X 6 timbers 
edgewise against a second 2 X 4, as shown at 
A, with alternating joints in the edgewise and 
flat wise sections. The construetion can be 
carried out to greater lengths simply by con-
tinuing the 20-foot sections. Longer or shorter 
sections may be used, if more convenient. 
The method of making the joints is shown at 

C. Quarter-inch or iron, 1 to 2 inches 

wide, is recommended for the straps, with inch bolts bolts to hold the pieces together. One bolt 

should be run through the pieces midway 
between joints, to provide additional rigidity. 

Although there are many ways in which sueh 
a mast can be secured at the base, the " cradle" 
illustrated at I) has many advantages. 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. This bolt goes 
through a hole in the mast so that it is pivoted 
at the bottom. 

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 sections, 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 6s for the edgewise sections; 
2 X 4-inch pieces will do for the flat sections. 
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li 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 such 
a pole can be extended many years by proper 
precautions before erecting, and regular main-
tenance. 

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 
which will be buried in the gotund should ha ve 
a generous coating of hot pitch, poured on 
while the pole is warm. This will keep termites 
out and prevent rotting. 
The poles should be set in the ground four to 

eight feet depending mum the height. It is a 
g: :0(1 idea to pour coneret e around the bottom 
three feet of the base, packing the rest of the 
excavation with soil. The concrete will help 
hold the pole against striing winds. After filfing 
the hole with dirt, a stream from a Ii: se sin in Id 
be played on the dirt slowly for several hours. 
This will help to settle t he soil quickly. 

If &sired, the pole may be extended by the 
a ri':: ii gentmit shown in Fig. 1704. Three 2 x is 
are required for the top section, two being 
18 feet long and one 10 feet long. The 10-foot 
section is placed bet ween the other two and 
bolted in place. A half-inch hole should be 
bored through t he pole about 2 feet front its 
top and through both 18-foot 2 x 4s about 5 
feet from their bottom ends, which are spread 
apart to fit the tt)p of the pole. The bottom end 
of the extension is then hauled up to the top of 
the imle and bolted loosely so that the sectiim 
can be swung up into place by the leverage of 
another 2 x 4 temporarily fastened to the 

Bons Ihru 
ie/ • 2.rd> "." 

eM.Bolt tbrit both 
ono'telophooe fah 

hbve nods drown 
2.4i ready to 

ch7ro /.17 when up 

_L! Toospotov-terrooe 
t000to pole 
Chee 24ea,/edOei 
oflerassem.ilyis 
bolted mth moth 
bot4 

lbw bol '4ix4 
hr tool 

eape 
or what 
ho,t you? 

Fig. 1704 — is type of mast may lie carried to a height of fifty 
feet or more. No guy wires are required. 

lido' here with ?hers 

Fig. 1705 — Using a simple lever for twisting heavy guy 
wires. 

section, as shown in Fig. 1704. 
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 
linseed oil is reeommended. Plenty of time for 
drying should be allowed between coats. White 
paint will last fifty per cent longer than any 
colored paint. 

II 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 unneces-
sary. 1f a horizontal antenna is to 
be supported, two guy wires in the 
top set will be sufficient in most 
cases. These should run to the 
rear of the mast about 100 degrees 
apart to offset the pull of the an-
tenna. Intermediate guys should 
be used in sets of three, one run-
ning 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 which is 

big enough to tax the facilities 
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Fig. 1706 — Pipes 
guy anclior. hie 
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for small s, 
but two ir,-tallcd 
a, , lims.n uni pro-

% id.• th.• 

Si rvir nu remitiircti 

for thelarger poles. 

available, it. is sonie advantage to 1:now neat.ly 
exactly t he lengt h ri he guys. 'Horse on t he 
side on ‘vItirlt I he pole is 1.\.ing can then be 
fastened temporarily to the anchoi•s befot•e-
hand, a, S1111`,-, that when the pole is 
rai:•••ed, ilie>e holding oPPosite glivs will he 
able to pull il into nearly veil ical position with 
no danger of its getting out of rontrol. The guy 
lengths van be figured by the right -angled-
t riangle rule that " t lie sum of the st [Hares of 
the two sides is equal to the square ur the 
hypotenuse." In ot iter vords. he ' list :owe from 
the base of the pole to the am•Itoi. should be 
mew:m.0d and squared. To this should be 
add(•d the square of the pole length to the 
point where t he guy is fastened. The 
square root of this sum will be tue length 
of lite guy. 

Cony wires should be broken up by 
strain insulators, to avoid the possibility 
of resonance at the transmitting fre-
queney. ( 'ommon ' tractive is to insert titi 
insulator near the top of eaeli guy, wit hin 
a few feet rl the pole, and then cut each 
section of wire bet wilco the insulators to 
a length which will not be res•mant either 
on the fundarnent:t1 or harmonies. An 
insulator every 25 feet will be sat isfm• - 
tory for frequencies up to 3() Mr. The 
insulators should be of the " egg" type 
with the insulating material tinder com-
pression, so that the guy will wit part 
if the insulator breal:s. 

TNvisting guy wires onto " egg" insulators 
may he a tedious job if t he guy wires are long 
and of lat.ge gauge. The si wide l inte- inri finger-
saving devire shown in 1705 ran lie made 

from a piece of heavy iron or steel bY 
a hole about t wire the diameter of the guy 
wire about a half inch lien' one end of the 
Mere. The wire is passed through he insulator, 

Ant 

About 2 ft 

• 
“gilithl 

II ! Li 

1/2"-tn 
Biass roil 

Mast 

Fig. 1707 — This di.% ice i, much easier than a pulley to 
"rethreaor whets the rope lereaks, 

given a single t urn by hand, and t hen held wit h 
a pair of plier•s : it the point shown in the 
sl:etrIt, liy passing t lie wire through the hole 
iti t lie irc in and rotating t he ii•on as shown, the 
tVire may be quickly and neatly t wisted. 
Guy wires may be anchored to a tree or 

building \viler' they happen to be in ron\-enient 
spots, h'or small pities, a 6-foot length of I - inelt 
pipi' di•iven into the ground : it an :ingle will 
sullire. Additional braying will be provided by 
using two pipe-, as shown in Fig. 1706. 

4i, Halyards and Pulleys 

I lalyards or roues and pulleys are important 
items t he antenna-supporting s.sterii. Par-
ticular attention should be directed toward the 
Choice of a pulley and lialyat.,Is for a high mast 
situp replacement, otite the mast is in position, 
may lie a major tuidertal:ing if not entirely 
imitossible. 

Galvanized-iron pulleys will have a life of 
only a year or so. Especially for coastal-area 
installations, marine-type pulleys with hard-

&ow/ - 
,Screareycs 
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Arlreruz 
insulators 

A 

To feed- through 
Insulators 

-slack wire 

Window I Screen 
(dam 

i?ubber washers 
cemented tor& 

Stand- oil 

Fig, 1700 — ‘ 1 \ 'whoring feeders takes the strain front feed. 
tirou 211 eir udow glass. ( It) Going through a full. 
11 .11 2 ill s11.1,11, 1111r:11 I. f11-11-10-11 10 the frame Of he screen on the 
in-ide. Clearance holes art- cut in the cleat and also in the screen. 

wood lilt it' and bronze wheels and bearings 
slitudd be used. 
Au arrangement which has certain ad-

Va te a geS ° Vet. tu pulley when a lui-t is used is 
shown in Fig. 1707. In rase t lie rope breal:s, it 
may bp possible to replave it by heaving a line 
over ihe brass rod, tital:ing it unnecessary to 
climb or lower the pole. 

For 'Jowl antennas and temporary installa-
tions, hem vv clot huslitie or window sash er,rd 
tutti\' lui' use;1_ ilowcver, if the job is to be more 

It•ss permanent, t or \vat er-
prier)( hemp rope should be used. Even this 
should be replared about once a year to insure 

ii un-  brea 
NYlon Folie. used din-ing flue war :IS glider 

low Mile, is, tif e011N(., 011C Of 1 he hest mat eria is 
for .sinre il is weatherproof and has 
extremely how; life. 

It is : Idyls:title to carry the pulley rope bark 
tip to the top in " endless" fashion in the 
manner of a flag hoist so 111;11 if t he antenna, 
breaks close to pole, t here will be a means for 
pulling the hoisting rope bark thiwn where it is 
accessible. 
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A 

Sill 

Sash 

Lead-in 
pane/ 

Fig. IZI19 — % It antviinalead-
ill 11:1111.•1 111:1 Iry Illart•ft gi%.•r 

the lop s,t-ti or under the 
lomer sash of a o holm*. Seal-
ing the overlapping joint mill 
kelp make it meatherproof. 

41 Bringing the Antenna or Transmission 
Line into the Station 

The antenna or t line should be 
anchored t he ow i, le wall uf I lu. buili ling, : ts 
shown in Fig. 170S, to renn.N.e strain from the 
lead-in insulators. Ills cut through the walls 
of the building and tilted with feed-through 
instdahirs are limbw htedly the best means of 
bringing the line into the station. The holes 
should have plenty of air clearance about the 
(,01dit)ting rod, esneeially when using tuned 
lines whicli ilcyclop high ‘ailtages. ProbablV 
the best place to go through the walls is the 
trimming board al the top or bot t ion of a win-
dow frame which provides flat surfaces for 
lead-in insulators. Cement or rubber gaskets 
may be used to waterpritof the exposed I .111)111 s. 

sueli a link...hire is not permissible, 
the window itself u-mally offers the bust oppor-
tunity. One saiisfaviory method is to drill 
holes in t he glass near t he top of I he upper sash. 
1f t he glass is replaced by plate glass. a striinger 
joli Will I'late glass may 111' obtained 
from autoinol.)ile junl: 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. Ittiblier 
gaskets cut from inner tube will remler the 

Jumpy-

Fig. 1710— Sketch showing the principles involved hi 
the "universal j  • t" for Zepp feeders to prevent slack. 

holes waterproof. The lower sash should be 
poivided with stops at a suitable height to pre-
vent damage when it is raised. If the window 
has a full-length screen, the scheme shown in 
Fig. 170S-B may be used. 
As a less Ji'' alit method, the window 

may be raised from the hut tom or lowered from 
the lop to permit. insertion of a hoard ‘vhich 
carriesI lie feed-t hrinigh insulators. 'rills had-in 
arrangement van be made weatherproof by 
making an overlapping joint bet ween the board 
and window sash as shown in Fig. 1709, and 
covering the opening het wovn sashes with a 
sheet of soft nthher from a disearded inner tube. 

Unless a Zip') antenna is directly at right 
angles to a line Miming from tie feeder end to 
the point where it enters the station, difficulty 
may In• in keeping both feeders 
tight, since one will always have a certain 
amount of slack, as shown in Fig. 1710. This 

Fig. 1711 — Home-made "universal joint" for Zepp 
feeders. 

can lie overcome by constructing a " universal 
joint " as shown in Fig. 1711. This permits 
swinging t he feeders at any angle wit il t he an-
tenna, while the feeders are kept taut at all 
points. 
A pi)'))' iii half-ineh hard maple thoroughly 

boiled in paraffin acts :15 ( he antenna insulator, 
while the two stand-off insulators support the 

Rotary Beam Construction 

IV Ill LItrO" hull III lit,' , 1111Pler types of 
dircui ive antennas in such a W:IY that the an-
tenna can be rotated to shill t direction of 
the beam at will. Obviously the use of such 
rotary antennas is limited to the higher Ire-
qui-mcies. if t st rueture is to be of practicable 
size, l'or this reason the nutjority of rotary-
beam :intennas are ronstructed for use on 14 
Mc, and higher frequencies. The problems in 
rotary-beam roust ruotion are t hose of provid-
ing a suitable merilanical support for the an-
tenna elements, furnishing a mpans of rotation, 
and at lathing the transmission line so that it 
does not interfere ' it hi the rotation of the sys-
tem. When the elements are horizontal' a 
supporting structure is necessary, made usu-
ally of light but strong wood, 
Tue antentia elements usually are made of 

metal tubing so that they will be at least par-
tially self-supporting, thus simplifying the sup-



380 THE RADIO AMATEUR'S HANDBOOK 

Reflector Radiator ••••• 

isdantite . 
standoff ms 

gn2s•S 
Peaircer 
1

tabaya fits ii, '/1 braSS 
.«,pfie 

Director 

•IF 
1/2  Ware 

--r— (iee) 

41,4, Pipe 

401 

insulate., 
Blocks 

7/1 

oft 

brass 

Stab 

Steel 
brackelS 

Hewn pyrex - 
insulators- two 

at Capone at bottom 

2 Popes 

600-Ohn, 

20 ft 
4r4" 

Fig. 1712 — A practical vertical-element rotatable array 
for 28 Me. The driven antenna i: fixed atol the reflector 
and director elements, parasitically excited, rotate 
around it. Close-spaced elements may be used if desired. 

porting structure. Tlie large diameter of the 
conductor is beneficial also in reducing resist-
ance, which becomes an important considera-
tion when close-spaced elements are used. 

Dural tubes often are used for the elements, 
and thin-walled corrugated steel tubes with 
copper coating also are available for this pur-
pose. The elements frequently are constructed 
of sections of telescoping tubing, making 
length adjustments quite easy. Electricians' 
thin-walled conduit also is suitable for rotary 
beam elements. 

If steel elements are used, special precautions 
should be taken to prevent rusting. Even cop-
per-coated steel does not stand up indefi-
nitely, since the coating usually is too thin. 
The elements should be coated both inside and 
out with slow-drying aluminum paint. For 
coating the inside, the 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. 

Various means of rotation and of making 
contact to the transmission line have been 
devised. Fig. 1712 shows a mechanical arrange-
ment suitable for use with vertical elements. 

The antenna, which is a vertical section of 
metal tubing, is mounted in a fixed position and 
is provided with a director and reflector which 
rotate about it. The advantage of this arrange-
ment is that no provision need be made for spe-
cial contacts between the antenna and the 
feeder system, ginm the position of the antenna 
is fixed. A rope-and-pulley arrangement pro-
vides rotation from the operating room, so that, 
when a signal is picked up, the antenna can be 
rotated rapidly to the position which gives 
maximum response. It is then also pointing 
in the proper direction for transmission. The 
system can be varied in dimensions and details; 
for instance, close element spacing might be 
used to give greater gain. 

l'arts from junked automobiles often pro-
vide gear trains and bearings for rotating the 
antenna. Rear axles, in particular, can readily 
be adapted to the purpose. Some amateurs use 
motor-driven rotating mechanisms which, al-
though complicating the construction, simplify 
remote control of the antenna. More or less 
elaborate im heating devices, which show the 
di rvet ion in which the antenna is pointed, often 
are used wit It motor-driven beams. 
One met hod is shown in Fig. 1713. In 

this case the pole is rotated by a chain-and-
sprocket arrangement, with the base resting on 
a bearing. Feeders are brought down the pc de 
from t he antenna to a pair of wire rings, against 
whieh sliding contacts press. 

Driving motors and gear housings will stand 
the weather het I ir if given a coat of aluminutn 
paint followe, I hy two coats of enamel and a coat 
of glypt al varnish. Even commercial units will 
last longer if t ruat e, I with glypt al varnish. 

Fig. 1713 — One form of rot:dine. mechan:sm. A bicy-
cle sprocket and. chain turn the pole which supports the 
beam antenna. Feeder connections from the antenna are 
brought to the metal rings, which slide against spring 
contacts mounted on the large stand-off insulators. 
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fig. 1711 — Ideas in sliding contarts for rotatable antenna feeder eon-
'teeth III to permit continut ¿us rotation. The broad hearing surfaers take 
care of any wobble in the rotating mast or driving shaft. 

Lead-sheathed twin conductor cable is rec-
ommended for power wiring to the motor 
to prevent r.f. pick-up. 

11 Feeder Connections 

For beams which rotate only ISO degrees, it 
is relatively simple to bring off feeders by mak-
ing a short section of the feeder, just where it 
leaves the rotating member, of flexible wire. 
Enough slack should be left so that there is no 
danger of breaking or twisting. Stops should be 
placed on the rotating shaft of the antenna so 
that the feeders cannot " wind up." This 
method also can be used with antennas which 
rotate the full 360 degrees, but again a stop is 
necessary to avoid jamming the feeders. 

For continuous rotation, the sliding contact 
is simple and, when properly built, quite prac-
ticable. Fig. 1714 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 ro-
tating shaft, and that the contact surfaces 
should be kept clean. Spring contacts are essen-
tial, and an " umbrella" or other scheme for 
keeping rain off the contacts is a desirable addi-
tion. Sliding contacts preferably should be 
used with non-resonant open lines where the 
impedance is of the order of 500 to 600 ohms 
so that the current is low. 
A good, but relatively expensive, contact 

system can be made by using mercury in ring-
shaped grooves for the movable contact, with 
rods dipping in the mercury for the fixed con-
tacts. A contact. system of this type was 
described in May, 1938, QST. 
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. 1715, 
adapted to an antenna system in which the pole 
itself rotates. A quarter-wave feeder system is 

connected to a tuned pickup 
circuit whose inductance is 
coupled to a link. In the draw-
ing, the link coil connects to 
a twisted-pair transmission line. 
The circuit would be adjusted 
in the sanie way as any link-
coupled circuit, and the num-
ber of turns in the link should 
be varied to give proper loading 
on the transmitter. The rotat-
ing coupling circuit of course 
tunes to the transmitting fre-
quency. 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 centerfeed the an-
tenna. To maintain 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 rotating pole in 
posit ion. 
Other variations of the inductive-coupled 

system might be worked out. The tuned circuit 
might, for instance, be placed at the end of a 
600-ohm line, and a one-turn link used to cou-
ple directly to the center of the antenna, if the 
construction of the rotary member permits. In 
this case the coupling can be varied by chang-
ing t he LY ratio in the tuned circuit. For 
mechanical st rength t he coils preferably should 
be made of copper tubing, well braced with 
insulating strips to keep them rigid. ' 

eit iaattorm 

Fig. 1715— One method of transmission line-antenna 
system coupling which eliminates sliding contacts. The 
low-impedance line is link-coupled to a tuned line. 

PÀ1 up supports 
resting on oround 
or stationary 
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Fie. 1716 — Two half-mils e 
antenna systems for midiile 
operation. If an ungrnunilcd 
ena‘ial-line feed used (left) 
the hoe  st ha) I• Is. 

Of till' Uds 

pr1 , 1•111 in a t  .›,i1•111 if 

this t oe. 

insulator 

Coastal line, un9rounded 

"--/nsulator 

a 
*alit spaced 1/linches 

f, Mobile Antennas 

t'or \\ I, on the very-bigh frequen-
vies, a fly ible rod ' whip' antimi la is (.11111 
1110fIly it'' t. in(Mill it-si ll on st:IncI-1,1T 
or feed-t lirough insulators attached to t w v:ir 
boilV. \\lure possible the antenna shoulil be a 
hall'-wavelength long, sinee this length will 
give the best low-angle radiation. A quarter-
wave antenna. \\ orking against the metal car 
1)i)) i' as a counterpt cise or " grinind. - nitty be 
used but it is not so efficient a 51.8 the 
half-wave antenna. 
As in the case of antennas for fixed stations, 

it is important that the ear antenna be 
mounted as high as possible. to avoid screening 
effects of the t•ar and to give maximum range. 
Tim b.‘st lova t lull for mounting the antenna is 
in the ninitlle or th;• rood in st ear 
'.vit it nwlal top. If the antenna cannot be 
111011,11 Sti t hstt if is entirely above the top of 
the ear, it should still be wade to have a major 
1)01'1 ion of its effective radiating length abievo 
the t' t. The top ft tints a ' ground - of good 
contluctivily and improves the perriirimineii. 
Convertibles and coupi..s have a convenient 
spot for mounting t he antenna on the duel: in 
back of Itie rear m-indow. The lentl-in can he 
brought into (.0 her the luggage compart numb 
or the driver's seat, depending upon the Iciest-
tion of the radio gear. Sedans hind themselves 
more readily to mounting the antenna along-
side the hood or on fin. ['vat' InInlin.r. All st It-
tilitia mounted alongside the ear holly hut 
projecting above the metal top will transmit. 
best in the direction across the top of the 
car. 

It is advantageous to mount the antenna 
As near the transmitter as possible, in order to 
simplify the feed system. Special feeder sys-
tems, such as low-loss 
coaxial lines, are neces-
sary if the antenna is 
located at one end of the 
car and the transmit ter at 
the other. A (pin rt er-wave 
tuned line is si suitable 
system, using appropriate 
tuning methods. When 
used with an end-fed 

35-Midi 
Variable 

half-wave antenna, the end of the feeder which 
is not connected to the antenna may either be 
left open or grounded to the par body. 

Either a quarter- or half-wai-e antenna may 
be used, depending upon conditions. 'Hie 
greater length of the latter will lead to better 
results, if the installatitm can be made con-
veniently. Flexible metal rod is generally used, 
so that the antenna will be stdf-stittpttrting. 

Since si quarter-wave antenna intrnially is 
supported at a I) i‘V-Vt ilt.age 

11:11'il-ruhlwr insulators 
are satisfactory. Iltnvever, 
half- \\• st ve sottenna will usu-
ally lie supported sit a high-
voltage point and t II us requires 
good insulation j j it best elli-

ciency. C'eramir insulators usually can be ob-
tained to fit any ease. It is wise not to skimp 
on size because of the greater chance of break-
age with the smaller units. ']' he feed-through 
types and t he stand-off types with metal base 
rings are least Iikilv to break. 
The two methods of feeding the half-wave 

antenna shown in Fig. 1 710 are probably t lie 
most eonvenient. Both systems use t uned feed 
lines. and thus require a tutting system at the 
transmitter und. 

If st 1:1 / 1(.1*-W:IN't. tint etilla is to be mounted 
permanently t ' ii the ear it slit odd be located on 
the roof. ot herwise it is likely that the radiatitm 
pattern will l quite irregular. 'Ile resulting 
directional effects \\ ill be st help on some occa-
sions but a defituite hindrance on others. The 
antenna can he fed by a tuned line or by a 
coaxial line, as shown in Fig. 171 7. The coaxial 
line can be t, t he 70- or 1(11)-) ii type. 
The coaxial line feed can be checked by ob-

serving its detuning effect on the transmitter; 
a good match will listi-e been obtained when the 
debuting is a :ninintunt. The antenna length 
and the cm parity of the condenser should be 
varied until cor;neeting the ( it tut' end of the 
line ti ) the transmitter causes a minimum of 
frequency change. Loriding is controlled sit the 
transmitter by adjusting the roupling not 
Itv varying the condenser at the antenna. 
'1;he antenna is made longer in small steps and 
the condenser adjusted tint il t lie votimilit rip line 
introduces a minimum of reactance :it t trans-
mitter tslitnys the least del uning effect on the 
tanl: circuit). rite method is simply to vary the 
length of the ratliattir until it slit tws stfl int-
pedatice near that of the line and then to cancel 
the reactance uy adjusting capacity of the 
series condenser. 

Fig. 1717 - - Tufe quarter-
is a., antenna s-stettos 
mobile opera ti  

Cor roof or body 
if 

Ground to frame 

Coaxial /ii3 

sx 

Insulator 

Ground to frame 

fi 
Nam spaced tYz-incheS 

1 I g 
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Fig. 1718 — A four-element beam %% ith folded dipole 
antenna for • I20 \l e. 

V.H.F. Antennas 

Although antennas for the very-high frequen-
cies are constructed on the saine principles as 
those for lower frequencies, the smaller dimen-
sions permit structural arrangements which 
would be unwieldy, if not impracticable, on lower 
frequencies. The extended double Zepp, used 
vertically, is particularly easy to mount, the ele-
ments being made of %-inch copper or durai rod 
or tubing and fastened to the side of a pole by 
stand-off insulators. 
A simple, practical application of the end-

fire principle (§ 10-12) is the use of two lengths 
of copper tubing, bent to form a " pitchfork" 
one-half wavelength long (down to the bend) 
and with a quarter- to an eighth-wavelength 
separation. If the pole can be made to rotate 
180 degrees, full advantage may be taken of 
the directivity of the sys-
tem. Tuned feeders may be 
used if the lengt h is not more 
than one or t wo wave-
lengths; for greater lengths, 
an untuned line and ;1 
matching stub are desira ble. 
Combination collinear anti 

broadside arrays as tlescri bed 
in Chapter Ten give good 
gain and are not difficult to 
construct. The element - eau 
be made of wire or tubing. 
The assembly may consist 
simply of wires hung from 
a rope stretched between 
two supports. 
The photograph of Fig. 

1718 shows a four-element 
beam with one reflector and 
two directors. The elements 
are cut from h-inch di-
ameter aluminum rod. The 
antenna is a folded dipole 
consisting of two lengths of 

rod bolted together at the ends with U-inch 
brass spacers. 
The elements are supported at their centers 

on bakelite blocks fastened to a frame made of 
wood. For 420 Mc., the antenna is 13 inches 
long, the reflector 13 inches long and the 
directors each 11% inches in length. The 
spacing between directors and between the 
first director and the antenna is 2.6 inches and 
between the antenna and the reflector 4 inches. 
The lengths of the elements and the spacing 
should be adjusted to obtain the greatest 
possible forward radiation as indicated on a 
field-strength meter. 

Close spacing and balance are important 
factors in v.h.f. feeder operation to minimize 
radiation from the line. For this reason the 
coaxial line is the best type of feed for the 
v.h.f. antenna, but the open-wire line is quite 
effective if care is taken in its construction. If a 
matching section is used, it should be symmet-
rical and loaded on both sides, to maintain 
current balance in the matching section. 

Corner reflector antenna — A type of 
highly directive antenna system for the v.h.f. 
and u.h.f. ranges above 50 Me. which is com-
paratively easy to construct is the " corner" 
reflector, shown in Fig. 1719. It consists of two 
plane reflecting surfaces set at an angle of 90 
degrees, with the antenna set on a line bisect-
ing this angle. The distance of the antenna 
from the vertex should be 0.5 wavelength. The 
reflector surfaces are made of spines spaced 
about 0.1 wavelength apart. 
The antenna used may be a center-fed full-

wave affair with a two-wire line. Since the 
radiation resistance of the antenna is raised 
when the reflector is used, an impedance-
matching system will be required if ordinary 

Fig. 1719— Typical construction of a square-corner reflector for u.h.f. work. 
This is a photograph of an experimental set-up in which the u.h.f. oscillator 
mounted directly under the antenna. 
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«RON, 580E 
A 

Fig. 1720— Low-loss lightning arresters for transmitters. 

types of lines are used. For this reason a tuned 
line is advisable. Alt erna t i vely, a folded dipole 
(§ 10-1.1) may be used directly with a 500-
ohm line (No. 12 wire spaced 2 inches). 
The transmission line slumld be run out at 

the rear of the reflector, to keep the system 
symmetrical and thus avoid any unbalance. 
The corner reflector antenna will give a gain 

of approximately 10 db. over a sitnple half-
wave dipole. The front-to-back and fron t- to-
side ratios are of the order of 35 and 25 db., 
respectively, in a I ypical case, and the direc-
tional pattern is relatively free from secondary 
lobes of appreciable amplitude. 

Tuned feeders or 
law-Impedance rine 

To 
Donsmiller 
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DPO T switch 
or re/ay 
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Fig. 1721 — Antenna-switching arrangements for various types of antennas and coupling systems. A — For tuned 
lines with separate antenna tuners or low-impedance lines. B — For a voltage-fed antenna. C — For a tuned line 
with a single antenna tuner. D — For a voltage-fed antenna with a single tuner. E — For two tuned-line antennas 
with a tuner for each antenna or for two low-impedance lines. F — For combinations of several two-wire lines. 

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. 1720. At A, the arrester elec-
trodes are mounted by means of stand-off in-
sulators on a fireproof asbestos board. At B, 
the electrodes are enclosed in a standard steel 
outlet box. The gaps should be made as small 
as possible without danger of breakdown 
during operation. Lightning-arrester systems 
require the best ground connecticm obtainalde. 
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. 

41 Antenna Switching 

It is often desirable, particularly in DX 
work, to use the same antenna for transmit-
ting and receiving. This requires switching of 
antenna from transmitter to receiver. One of 
two general systems may be employed. In the 
first, the transmitter and receiver each are pro-
vided with an antenna tuner, and the antenna 
transmission line is switched from one to the 
other. In the second system, one antenna tuner 
is provided for each antenna and the switch is 
in the low-impedance coupling line. Several typ-
ira I arrangements are shown in Fig. 1721. Fre-
quently relays with low-capacity contacts are 
substituted for switches. 

To receever PO r swirl, or relay 
(B.) 

Antenna &net- No Antenna Tuner Na2 
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Tuned leederl 
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Antenna 
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ehapter Eighteen 

Emergency and Portable 
EMERGENCY self-powered equipment 

is no longer a nice toy to play with when 
regular amateur activities pall; it has become 
the moral obligation of every amateur to be 
prepared in case of any communications emer-
gency. Large-scale disasters in the past have 
demonstrated the tremendous value of ama-
teur emergency stations in relaying relief 
messages when all other communication chan-
nels are closed. Aside from the all-important 
emergency phase, the use of portable equip-
ment has been extended through organized 
activity in the annual ARRL " Field Days," 
and the problem of providing equipment 
suitable for use in rural districts, where com-
mercial power is not available, has always 
been with us. 
The most vital need for self-powered equip-

ment occurs in connection with emergency ac-
tivity, and the basic design of all such equip-
ment should be predicated on emergency use. 
Every amateur, no matter where he may be 
located, can reasonably expect that sometime 
he may be called upon to perform emergency 
communications duty, and it is his responsi-
bility to the public welfare, to himself, and to 
amateur radio as a whole to see that he is in 
some measure prepared. 

It is not to be expected that every amateur 
will prepare himself for an emergency by hav-
ing available a complete and separate self-
powered station, although a large number of 
individuals and club groups do so. There is, 
however, no reason why every amateur cannot 
prepare his station for an emergency by having 
an emergency power supply ready and a quick 
means for utilizing all or part of his regular sta-
tion equipment as an emergency-powered 
station. The emergency power supply can be 
anything from a small vibrator supply and/ 
or batteries to a large gasoline-driven genera-
tor. 

eit Battery and Vibrator Data 

The use of dry batteries, storage batteries 
and vibrator-transformer packs or genemotors 
is discussed in Chapter Eight. Table 1 shows 
the service which may be expected from stand-
ard-brand dry batteries under various load 
conditions. Various types of manufactured vi-
brator-transformer units are listed in Table 
II, while Table III is a listing of available 
dynamotors which are suitable for emergency 
and portable work. 

11 Construction of Vibrator Supplies 

Vibrator-type power supplies are not diffi-

cult to construct.. The transformer usually is a 
special type designed for the purpose, although 
a heavy-duty receiver or low-power trans-
mitter transformer may be pressed into service 
if it has suitable filament windings which may 
be connected as the 6-volt vibrator primary. 
A supply may be designed to operate from a 
6-volt storage battery only, or a dual-primary 
transformer or separate transformers may be 
used so that the supply will operate inter-
changeably on either 115-v.a.c. or 6 v.d.c. 

Typical circuit diagrams are shown in Fig. 
1801. The one shom n at (A) is the simplest, 
although it operates. from a 6-volt d.c. source 
only. Si turns the high voltage on and off. 
The circuit of ( 13. provides for both 6-volt 

d.c. and 115-volt a.c. operation with a dual-
primary transformer. S2 is the a.c. on-off switch 
while S3 switches tl:e 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 Aug 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 Vg. 1801 (C) may be used 

when a dual-primary transformer is not avail-
able. The filter is e:witched from one rectifier 
output to the other by means of the d.p.d.t. 
switch, Sa, which :Aso shifts filament connec-
tions from a.c. to de. The filter section of the 
switch could be eliminated if desired by 
connecting the filtering circuit permanently 
to the output tern- mals 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 ( 13). If a 
separate rectifier-filament winding is available 
on T3, directly-heated rectifier types may be 
substituted for the 6X5 in the a.c. supply. In 
sonic 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, 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 conn.2cted 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 
windings does no:, provide an accurate center 
tap. A better center tap may be obtained, if a 
2.5-volt winding also is available, eve half 

385 
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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-mfd. 
paper condenser directly across the rectifier 
output, wit h a 2.5-mh. r.f. choke in series 
ahead of the smoothing filter. In the primary 
circuit a low-inductance choke and high-
capacity 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, and No. 14 as a 
minimum. Manufactured chokes such as the 
Mallory Rle583 are more compact and give 
higher inductance for a given resistance be-
cause they are bank-wound, and may be sub-
stituted if obtainable. CI should be at least 
0.5 dd.; even more capacity may help in bad 
cases of hash. 
The power supply should be built on a metal 

chassis, with all unshielded parts underneath. 
A bottom plate to complete the shielding is 
advisable. The transformer case, vibrator case 

Fig. 1801 — Typical vibrator-transformer power-supply 
circuits. The circuit at (A) shows a simple arrangement 
for 6-volt (I.e. input; the one at ( B) illustrates the use of 
a combination transformer for operation from either 6 
volts d.e. or 115 volts a.c. The circuit of (C) is similar 
to that of (B) but uses separate transformers. 
— 0.5-pfd. paper, 50-volt rating or higher. 

C2 — 0.005 to 0.01 dd., 1600 volts (see text). 
C3 — 0.01-dd. (t00-volt paper. 
Cu — 8-5M. 450-volt electrolytic. 
Ci — 450-volt electrolytic. 
Cs — 100-mdd. mica. 
Lm — 10-12 henry 100 ma. filter choke, not over 100 

ohms (Stancor C-2303 or equivalent). 
R1 — 5000 ohms, or 1-watt. 
R — 55 turns No. 12 on 1-inch form, close-wound. 
FC2 — 2.5-mi,. r.f. choke. 

F — 15-ampere fuse. 
St — S.p.s.t. toggle — battery switch. 
S2 — S.p.s.t. toggle -- a.c. power switch. 
S3 — S. p.s. t. toggle— rectifier heater change-over sm itch. 
S1 — 1).p.d.t. toggle — a.c.-d.c. 
V IB — Vibrator unit (Mallory 5001', 291, etc.) 
T1 — Vibrator transformer. 
'F2— Special vibrator transformer with 115-volt and 

6-volt primaries, to give approximately 300 
volts at 100 mua. ,l.c. (Stancor P-6166 or equiva-
lent). 

Ta — A.c. transformer. 275 to 300 volts each side of 
center tap, 100 to 150 ma.; 6.3-volt filament. 

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.e., a 
second filter choke may be used to give addi-
t' I voltage drop as well as more smoothing. 

NOTE — All ground connections should be made to a 
single point on the chassis. 

and metal shell of the tube all should be 
grounded to the chassis. If a glass tithe 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 reasonably well-
shielded supply. A little care in this respect 
usually is more productive than experimenting 
with different values in the hash tilt ers. Such 
experimenting should come after it has been 
found that radiation from the leads has been 
reduced to an absolute minimum. Shielding 
the leads is not particularly helpful. 
The 100-aafd. mica condenser, Ca, connected 

from the positive output lead to thp " hot" 
side of the " A" battery, may be helpful in 
reducing hash in certain power supplies. A 
trial is necessary to see whether or not it is 
required. It should be mounted right on the 
output socket. 

Testing for methods of eliminating hash 
should be carried out with the supply operating 
a receiver. Since the interference usually is 
picked up on the receiver antenna leads by 
radiation from the supply itself and the battery 
leads, it is advisable to keep the supply and 
battery as far from the receiver as the connect-
ing cables will permit. Three or four feet 
should be ample. The microphone cord like-
wise should be kept away from the supply 
and leads. 
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 capacity is fairly large .-- 16 to 32 Add. 
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TABLE I — BATTERY SERVICE HOURS 

Estimated to 34-volt end-point per nominal 45-volt section. 
Based on intermittent use of 3 to 4 hours daily. 
(For batteries manufactured in U. S. A. only.) 

Manufacturer's 
Type No. 

Burgess 

Weight 

Eveready Lb. 

386 14 
486 13 

21308 
586 

10308 
585 

2308 
B30 

Oz. 

12 
12 
11 

A30 

Z3ON 

W30FL  

XX30 

762 
482 

738 

8 
8 
2 
3 
2 
2 

e 
2 
4 

13 
3 

3 

2 
4 

733 

455- 1 

10  
11  
8.6 
9 

5 

2000 
1700 
1600 
1400 
1300 
900 
1100 
350 
320 
320 
210 
160 
155  
50 
45  
70  
70 

10 15 

me 690 
880  550 

1100 690 
800  530 
700 520 
450 290 
500 330 
170 90 
140 81  
140  81  
80  44 
70 30 

Current Drain in Ma. 

20 25 

510 
395 
490 
380 
350 
210 
180 
50 
54 
54 
24 
20 
20 70 30 

20 11 
19 12 
20  11  
20 12 

400 
300 

260 

30 40 

320 200 
240 165 
300 200  
185 130 

130  
60 
65 
15 

130 

37 
37 

100 
100 
21 
27 
27 
14 

10 
15 

7 5.2 
7 
7 5.2 
7 

7 
7.5 

3.5 

50 

170 
125 

85 

60 

130  
100  
100  
60 
90 
25 
34 

45 

3.5 

75 100 

100  50  
70 45 

50 
40 30 
— 42 
20 11 

150 

30 
20 
25 
14 
18 
5 

1Same life 'inures apply to 467, 671h-volt, 10.5 oz. 

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. 

Burgess Eveready 
_ 

— A-1300 
— 740 6 12 

741' 2 14 
- 743 2 1 
— 7111 2 2 

 -  742 1 6 
8F2 — 2 10 

— 1 4 
A-2300 15 8 2.5 
723 1 — 3.0 
— 13 12 

weight V.91-

Lb. 

e 

4FA5 

20F2  
2F21-1  
2F2BP' 
F2BP 
G35 

746 
7185 

F4PI 
3 

30 50 

4 1.25 — 
1.5 — 

1.51.5 — 

1.5 --
1.5 — 
1.5 — 
1.5 — 

— 

3.0 — 
6 3.0 600 
5 3.0 600 

12 3.0 340 
5 4.5 370 —  
3 4.5 — 200 
— 6.0 — 375 
6 6.0 340 — 

60 

1100 
750 
700 
500 

1100 
600 

Current Drain In Ma. 

120 150 175 

750 
325 
320 
325 
680 
350 

240 

340 
340 
130 
150 

100 

130 
130 
45 
50 

7'30 75 

2000 
1400 

1715 
1200 

450 
220 

2000 1715 

180 200 

1500 1333. 
—  1050  
—  375  
— 245 
200 
155 135 
—  400 
—  160 

1500 1333  
70 — 

240 250 300 350 

1250 1200 1000 
—  775  625 
300 275  215  
—  180 135  
120 —  90 

95  85  
320 230 

—  110 
1250 1200 
40 —  
— 700 1000 

95 
95 
30 
35 

750 
60 
60 

100 

42 
42 

90 
1000 

30 
600 
30 
30 

30 

854 

175 
110 

50 
190 
60 
854 

500 

'Same life Rgu es apply to 745, wt. 3 lbs. 'Same Iii. Rgu es apply to 2F4, volts 6, wt. 2 lbs 11 oz. 
2Same life Rgu es apply to 8FL, wt. 2 lbs. 15 oz. , Same life figures apply to G5, volts Nu, wt. 2 lbs. 2 oz. 
3 SIM life figures apply to 4F, wt. 1 lb. 5 oz. 5 Same life figures apply to 747, wt. 3 lb*. 

If batteries of another mike are to be used, locate ones of similar size and 
weight on these tables and comparable performance may be expected. 

A typical example of vibrator-supply con-
struction is shown in the photographs of Figs. 
1802 and 1803. 

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 5Y2 inches) just large enough to 
contain the equipment. The Masonite shelf 
rests on 3%-inch square blocks, 1;.Í 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 
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TABLE II- VIBRATOR SUPPLIES 

Manufacturer's Type Number Output 

Rectifier 
Output 
Filter American Television 

and Radio Co. 
Electronic 

Labs 
Mallory Radial! Volts Ma. 

VPM-F-7 90 10 Syn. Yes 

No 

Yes  

Yu _ 
— Yes 

No 

VP-551 1 
125-150- 
175-200 100 max. Syn. 

Syn. 420192 250 50 

VP-540  250 60 Syn. 

4204F5 
100-150- 

250 
35-40- 

60 Syn. 

605 
150-200- 
250-275 

35-40- 
50-65 Syn. 

6044 VP-552s 225-250- 
275-300 

50-65- 
80-100 Syn. No 

4201 6 
150-200- 
250-275- 

300 

35-40-
50-70- 
100 

Syn. No 

251. 300 100 Tube 
Tube 

Yes 

VP-555 300 230 Yes 

VPM-6" 311' 
250-275- 
300-325 

50-75- 
100-125  

150 

Tube Yes 

VP-557 400 Tube Input cond.  
Yes 

4202D 
300- 

400 
200- 

150 
Tube 

606 
325-350- 
375-400 

and 110 C.C. 
60 cycle 

125-150- 
175-200 
20 watts 

Tub. Input 
condenser 

All inputs 6.3 volts d.c. unless otherwise no ed. 

1 VP-553 same with tube rectifier. 
'In weatherproof case. 420162 same with tube rectifier. 
'180-cycle vibrator, lightweight. 4204 same without Alter. 
601 same withtube rectifier; 602 same except 12 v. d.c. input 

end tube rectifier; 603 same except 32 v. d.c. input and tube 
rectifier. 
"VP-554 same with tube rectifier; VP-G556 same except 12 v. 

d.c. Input; VP-F558 same except 32 v. d.c. input. 

4200D same with tube rectifier; 4200DF same with tube 
rectifier and output Alter. 
r 551 same with 12 y d.c. input. 
Also available without Alter. 

1, 511 same except 12 v. d.c. input. 
Input 6 v. d.c. or 110 v. a.c., 607 same except 12 v. d.c. or 

110 v. a.c. input; 608 sillle except 32 v. d.c. or 110 v. a.c. input; 
609 same except 110 v. d.c. or 110 v. a.c. input. 

TABLE III-DYNAMOTORS 

Manufacturer's Type No. Input Ou put Weight 

Carter Eicor Pioneer Volts Amps. Volts Ma. Lbs. 

210A 6 6.1 200 100  
50 

61/2  

MA250 102' El W272, 6 4.2 250 61/2  

251A El W3393 6 7.9 250 100 61/2  

301A 106' E2W351 5 6 9.7 300 100 61/2 

315A 1586 E2W243" 
RAOW1587 

6  
6 

13.4 300 150 71/2  

320A 18.2 300 200 91/2  

MA301 6 9 300 100 

351A 6 10.9 350 100 61/2  
71/2  355A 108 E2W256 6 14 350 150 

352A 6 22 350 200 91/4  

401A 6 13 400 100  
125 

77/e 
91/4 E2W4.13 6 14.2 400 

415A 109' 6 18.2 400 150 77/Et 

420A 6 23.4 400 200 91/2 

425A RA1W201 5 6 26.4 400 225 511/2 

V450 5.5 29 400 250 

A430  6 31 400 300 13 

E3W413 6 15 500 100 11 

520AS  
A650 

RAI W189' 6 27.4 403 250 — 

6 40 603 250 13 

AFS630 6  
12 

46.4 603 300 13 

BS30050 25 3000 
1500 

50 
100 

Input cumin 4.6 amp.; wt. ex lbs. 
r Wt. 71/2 lbs. 
"Input current 7.5 amp.; wt. 71/2  lbs. 
Wt. 5 lbs. 

Wt. 91/4  lbs. 
'Input current 14 amo.; wt. 51/4  lbs. 
I Wt. 16 lbs.; input current 18 amp. 
"Input current 17 amp. 

5 Wt. 171/2  lbs.; input current 25 amp. 
i° Input current 21.5 amp.; wt. 75/e lbs. 
" Input current 21.5 amp.; wt. 75/8 lbs. 
Is Input current 27 amp.; wt. 171/2  lbs 
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TABLE IV — GASOLINE-ENGINE-DRIVEN GENERATORS, AIR-COOLED 

Manufacturer Output Weight Starter 

Elm Kato Onan Pioneer Volts Watts Lbs. 

3AP61 BD-61 110 a.c. 
or 6 d.c. 

300 
200   100 

65  
65 

Push-button 

Push-button  
Rope crank 

JR-35, 110 a.c. 300 
JRA-3, 110 e.c. 350 

19-A 
110 a.c. 
or 6 d.c. 

350 
200 95 Push-button 

35IP ' 115 a.c. 350 91 Push-button 
JR-10, 110 a.c. 400 — Rope crank 

51-* 110 a.c. 500 165 Push-button 

23A 110 a.c. 
or 6 d.c. 

500 
200 105 Push-button 

6AP1 14A BA-61  110 e.c. 600 135 Push-button 
70 115 a.c. 750 195  

170 
Push-button  
Push-button 10AP1 101..5,  BA-10, 110 a.c. 1000 

26A 110 e.c. 1000 265 
135 

Manual 
OTC 110 a.c. 1500 Manuel 

BA-15 110 a.c. 1500 365 Push-button 
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1. Also available in remote-control models. 
Intermittent-duty model. 

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 pushed out. This is essential, 
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. 

q Charging Storage Batteries 

If access to a.c.-operated chargers is not 
possible at times between actual use, some 
form of self-powered charging system is es-
sential. 

This need is ordinarily best met by a gaso-
line- or wind-driven generator. Water-power 
generators have been used, but their depend-
ence on special circumstances is obvious, and 
they are not available in small sizes. 
The windcharger consists of a small genera-

tor driven by a suitable impeller, mounted to 
take advantage of the free energy offered by 
the wind. The standard type will supply up 
to 16 amperes to a 6-volt battery. It will ordi-
narily keep fully charged a battery used to 
power a typical receiver and small transmitter 
operated from vibrator or genemotor supply in 
intermittent operation. 

Gasoline-driven generators are also avail-
able for use in charging 6-volt or larger bat-
teries. These ordinarily are rated at 150 or 200 
watts. A or %-h.p.single-cylinder four-cycle 
engine is used, which will operate for twelve or 
fifteen hours on a gallon of gasoline. 

41 Gasoline-Engine-Driven Generators 

For higher-power installations, such as for 
communications control centers during emer-
gencies, the most practical form of independ-
ent power supply is the gasoline-engine-driven 
generator which provides standard 115-volt, 
60-cycle supply. 

Also available in manual-started type. 
115-volt output; weight 200 lbs. 

Such generators are ordinarily rated at a 
minimum of 250 or 300 watts. They are availa-
ble up to two kilowatts, or big enough to 
handle the highest-power amateur rig. Most 
are arranged to charge automatically an aux-
iliary 6- or 12-volt battery used in starting. 
Fitted with self-starters and adequate mufflers 
and filters, they 'represent a high order of per-
formance and efficiency. Many of the larger 
models are liquid cooled, and they will operate 
continuously at full load. Ratings of typical 
gas-engine-driven generator units are given in 
Table IV. 
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 amongst amateurs. 
Such generators are similar in construction and 
capacity to the small gas-driven units. 
The home construction of generators of all 

the above types has been successfully at-
tempted by amateurs at times, although the 
possession of a considerable knowledge of elec-
tric motor design is essential. One especially 
useful possibility is the rewinding of old auto-
mobile charging generators, several hundred 
watts capacity being obtainable from the larg-
est sizes. Those originally used on the old 4-
cylinder Dodge cars have been successfully 
adapted by amateurs. Trade schools will often 
have their students rewind these generators for 
only the cost of the material, and this possibil-
ity is worth investigating. 
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 
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Fig. 1802 — A view inside a typical vibrator-type power-supply. The rectifier tube 
is at the upper left with the filter choke just below. The primary fuse socket and 
vibrator are at the right. A synchronous-type vibrator may be substituted for the 
interrupter-type if it is desired to eliminate the rectifier tube. 

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 
cheek is made in bright sunlight. 

11 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 impor-

tant point is that of 
grounding the frame 
of the generator and 
one side of the out-
put line. The ground 
lead should be short 
to be effective, other-
wise grounding may 
actually increase the 
noise. A water pipe 
may be used if a short 
connection can be 
made near the point 
where the pipe enters 
the ground, otherwise 
a good separateground 
should be provided. 
The next step is to 

loosen the brush-
holderlocksand slowly 
shift the position of 

the brushes while 
checking for noise with 
the receiver. Usually 
a point will be found 
(almost always differ-
ent from the factory 
setting) where there 
is a marked decrease 
in noise. 
From this point on, 

if necessary, by-pass 
condensers from vari-
ous brush holders to 
the frame, as shown 
in Fig. 1804, will bring 
time hash down to 
within 10 to 15 per 
cent of its original 
intensity, if not en-
tirely eliminate it. 
Most of the remain-
ing noise will be re-
duced still further if 

the high-power audio stages are cut out and a 
pair of headphones are connected into the 
second detector. 

High-Frequency Equipment 

The use of high-frequenvy equipment for the 
handling of all intra-community emergency 
communications is recommended not only for 
the purpose of limiting the interference range 
but also because equipment for these frequen-
cies may be built in easily-portable form. Low-
power transceivers and transmitter-receivers in 
the form of glove-compartment units, walkie-
talkies and handie-talkies find ready applica-
tion in this type of work. 

Glove-compartment units and other forms of 
mobile installations may be operated readily 
from a vibrator supply or genemotor con-
nected to the car storage battery, although a 
separate battery is recommended for protracted 
operating periods, such as in an emergency, to 

Fig. 1803 — IIa,h and smoothing filter components are mounted in the bottom of the 
low-voltage vibrator power supply. The 4-prong outlet socket is mounted on the side. 
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guard against discharging the car battery to 
the point where it will no longer start the car. 
The usefulness of a mobile unit in emergencies 
is apparent, since it constitutes a self-powered 
installation which may be placed in a strategic 
location with a minimum loss of time. 

Handie-talkies and walkie-talkies, on the 
other hand have the advantage that they may 
be brought to points which for one reason or 
another may be inaccessible to a car. Handie-
talkies universally operate from self-contained 
dry batteries, while the heavier walkie-talkie 
units may be designed to operate from either 
dry batteries or a small storage battery of the 
motorcycle type and a vibrator unit. In some 
cases, it may be desirable to build the power 
supply as a separate unit so that the weight 
which must be carried to the scene of an 
emergency may be distributed between two 
persons. 

Higher-powered transmitters and more elab-
orate equipment of the type often used as 
permanent station equipment operating from 
a.c. are desirable as control-station equipment 
if a suitable source of power is available. 

IL Portable Equipment — Low-Frequency 

The weakest unit in a low-frequency porte 
able or emergency communications installation 
often is the receiver. 
An inadequate receiver, with poor selectiv-

ity, low sensitivity and insufficient stability, 
can ruin a QS0 even under favorable condi-
tions. When it is remembered that conditions 
in portable or emergency operation are often 
more severe than those at home, with poor 
antenna facilities, high noise levels, severe 
interference, etc., the fallacy of attempting to 
use an inferior portable receiver is apparent. 
The best procedure of all is to use the home-

station receiver for portable work. Headphones 
should be used and the output tube removed 
(if it isn't necessary for headphone operation), 
but this is no hardship. Headphones are far 
more satisfactory in such applications than the 
speaker in any event. This procedure not only 
ensures the availability of the high-perform-
ance receiver so vitally necessary, but the prac-
tice that has been obtained by using the re-
ceiver at home is invaluable in the specialized 
operating techniques of portable or emergency 
work. It takes as much experience to learn to 
run a receiver properly as it does to drive a car, 
and the middle of a crisis is no time to gain 
that experience. Even on lowered plate voltage 
the home superhet will be better than a make-
shift. 

If a special portable/emergency receiver is to 
be built, it should be a superheterodyne. With 
present-day tubes and components, it is pos-
sible to build a simple superheterodyne as 
cheaply as a t.r.f. receiver, and there is no 
comparison between the two in performance. 
The average communications superheterodyne 
can be operated with storage-battery heater 
supply and dry-cell or vibrator-pack " B" 

supply. With the audio power tubes removed 
from the receiver, the power requirements are 
not too great. Some of the receivers on the 
amateur market have provision at the rear of 
the set for plugging in a d.c. supply, and those 
which do not can be easily modified by drilling 
a socket hole at the rear of the receiver and 
wiring it into the set. When regular a.c. opera-
tion is used, a plug in the socket completes the 
circuit. 
The design of low-frequency transmitters 

for emergency, portable and rural transmitters, 
will depend almost entirely upon the power 
supply available. Considering possible defects 
in hastily-improvised radiation systems, etc., 
it seems unwise to use less than 10 watts input 
to a power amplifier or 15 watts to an oscillator. 

Shp 
Rings 

wag OC 

Fig. 1804 — Connections used for eliminating inter-
ference from gas-driven generator plants. C should be 1 
pfd., 300 volts, paper, while C2 may be 1 pfd. 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. 

However, powers greater than two or three 
times these values are not usually necessary, so 
selection of the power supply will depend 
almost entirely upon the pocketbook and other 
resources. The 300-volt, 100-ma, vibrator sup-
plies and genemotors represent a nice com-
promise unless it is possible to step into the 
200- or 300-watt gasoline-driven generator 
class. 
Perhaps the best plan in providing for an 

emergency and portable transmitter is to uti-
lize the basic exciter unit in the regular station. 
This not only ensures the availability of a re-
liable, efficient unit at all times but means a 
saving in parts and equipment. It represents 
no hardship to the permanent station to con:. 
struct the exciter so it is compact, readily re-
movable, and, above all, solidly and depend-
ably assembled. If your present exciter is not 
adaptable to this use, plan the new one so it 
will be. Provision for 6-volt tubes throughout 
is essential, with the heater circuit so arranged 
that it can be connected to a storage battery 
without change. A suitable plate supply using 
a vibrator or genemotor or similar system 
should be available separately, arranged for 
ready connection. The best method is to have 
a socket and plug connector assembly, with one 
plug built into the transmitter and another, 
wired identically, connected permanently to 
the emergency supply. 
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+-1) 
A+ A-8- +8 2508. 

Fig. 1805 — Simple modulator for portable and gen-
eral-utility work. 
Ci — 25-volt electrolytic. 
Ri — 100 ohms, 1-watt. 
112 — 150 ohms, 1-watt. 

Input transformer (Thordarson T-83A73). 
Ta— Output transformer (Thordarson T-19M13). 

1:[ A Simple Modulator for Portable Work 

The circuit diagram of a simple modulator 
for portable or mobile work is shown in Fig. 
1865. In this arrangement the microphone is 
used directly to drive a pair of 6V6GT modu-
lators without intermediate speech amplifiers. 
Such a modulator works surprisingly well to 
modulate Class-C inputs up to 25 watts. The 
unit requires 75 to 100 ma. at 200 to 300 volts. 
Voltage for the single-button carbon micro-
phone is taken from the junction of the two 
cathode-biasing resistors, RI and R2, thus 
eliminating the necessity for bulky micro-
phone batteries. These two resistors could be 
replaced by a single resistor with a sliding 
contact. One side of the heater circuit is 
grounded so that only three power-supply 
wires are required. The complete unit may be 
assembled on a small chassis. 

High-Frequency Antennas 

in many cases, particularly at control sta-
tions, it will be necessary to use non-directive 
antennas because of the necessity for working 
field stations at random points of the compass. 
At field stations which normally work wit h 
only a single control station, however, it may 
be advantageous to use a simple form of direc-
tive array. The power gain will be worth while 
in bettering the signals in both directions, and 
in addition will minimize interference to and 
from other networks. The simpler forms of 
antennas described in Chapters Ten and Sev-
enteen are quite suitable. 
More important, perhaps, than the antenna 

itself is its location. Every effort should he 
made to get the antenna well above its sur-
roundings and to provide, whenever possible. 
a clear path between the control station and 
the network stations with which it must com-
municate. Having a line of sight between an-
tennas will ensure successful communication 
even though the power is very low and the 
antenna itself is nothing more than a simple 
half-wave wire. Where there are intervening 
obstructions, it will be helpful to use as much 
height as possible. 

.Vertical polarization is to be preferred to 
horizontai, since vertical polarization is better 

suited to mobile operation. A simple vertical 
antenna has practically no horizontal direc-
tivity, therefore it will work equally well in all 
directions except for effects attributable to its 
surroundings and to the terrain over which 
the signal must travel. The signal strength 
will be poor if a horizontally polarized antenna 
is used to receive a vertically polarized signal. 
A half-wave antenna, two half waves fed in 

phase stacked vertically, or an extended double 
Zepp, all will be satisfactory, and are very sim-
ple types to construct. Design details will be 
found in Chapter Ten. If the station is to be 
operated on a fixed frequency, the antenna 
length should be adjusted for that frequency. 
If the same antenna is to work on several 
frequencies, the length had best be chosen 
midway between the two extremes. 
Mobile antennas — It is probable that 

most networks will have one or more stations 
installed in cars, for dispatching to points 
which may be in urgent need of communica-
tion. The equipment previously described is 
readily adaptable to car installations; the 
transceiver, in particular, can be set up with 
little difficulty, and can get its power from the 
car broadcast receiver, if there is one. This 
would require only the installation of a suitable 
power socket in the car receiver, together with 
a switch to cut the power from the receiver 
when the transceiver is in use. Antennas 
suitable for such mobile installations are de-
scribed in Chapter Seventeen. 

For a solid but easily detachable mounting 
for a mobile antenna, the arrangement shown 
in Fig. 1806 is suggested. It is held in place by a 
panel of wood, cut I o t lie shape of the window, 

Fig. 1806 — A J-type antenna for 144-Mc. mobile oper-
ation can be mounted easily in the window of a car, al-
lowing the radiator proper to be placed above the roof 
of the vehicle. The dimensions are given ;n the teat. 
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on which the antenna is mounted. By running 
up the window the panel is held firmly in place. 
The antenna is of the " J" type. This type of 
installation places the radiator proper above 
the roof of the car, and has the advantage that 
it can be readily removed from the car when 
not in use or when needed elsewhere. Fig. 1808 
shows a folded doublet. 
The unit shown is built of 1 -inch plywood, 

since the usual thickness of the window glass in 
cars is ;1¡' inch. nun down the window of the 
car about half way, or enough to leave at least 
a 6-inch opening, and make a pattern of card-
board using the top edge of the window glass 
for the guide. Trim the cardboard to t his 
shape, and then push it up in the window and 
use the edge of the glass to mark the bottom 
edge of the pattern. From the pattern, mark 
the piece of plywood and cut it out with a saw. 
Additional small pieces t.o form stops in the 
corners are fastened to the main piece with glue 
and brads. A piece of plywood about 6 X 8 
inches should be fastened to the large piece at 
the point where the antenna is to be supported, 
using glue and brads, and the four stand-off 
insulators which support the antenna bolted 
to this pieee. If the insulators are not long 
enough for the antenna to clear the side of the 
car, they can be raised by wood strips. 
Two small strips should be nailed along the 

inside of the main piece so that they extend 
down below the edge a few inches and form, 
with the oui side pi it's a yoke to keep the as-
sembly in lia' pr ,pur position on the window. 
The feeder can be made of flexible rubber-

covered wire (obtained by splitting a length of 
parallel lamp cord) separated by small plastic 
or dry wood spacers. The antenna ends of the 
wires are soldered to the heads of the large 
bolts in the upper stand-off insulators, and 
the wire is run Jut t hroitgli holes in the wood. 
The antenna a nd mot ching-section rods are 

regular automobile whip antennas and are sup-
ported on the stand-off insulators by small 
loop-shaped metal clamps. The shorting bar is 
made along the saint. litws, with bars of heavy 
metal on both sides of t he clamp loops. 
The length of the half-wave " J" antenna 

itself shoulf I be 38 inches for a frequency of 
116 Mc. — the center of the two-meter band. 
Since the lengt it td the matching section should 
be a quarter Wa ve-lengt it. or 19 inches, the 
total length of the right-hand element shown 
in Fig. 1806 should be 57 inches, u hile the 
shorter left-hand element should be 19 inehes 
long. The spacing it elements should be 
2 inches. With an open-wire transmission line 
consisting of two No. 18 wires spaced 2 inches, 
the line should be connected 3 inches up from 
t he shorting bar at t lat bottom of t he elements. 
The folded-doublet antenna shown in Fig. 

1808 is another simple type of antenna which 
may be adapted for mobile use, especially 
where center feed is more convenient. It has 
the advantage of rather broad-band character-
istic and moderately-high impedance at the 

feeding point. It should have an over-all length 
of 38 inches for 146 Mc. 

la A Car-Roof Antenna 
Fig. 1807 shows a sketch of a fitting for a 

vertical v.h.f. car-roof antenna which provides 
a good mechanical arrangement for folding the 
antenna parallel to the car roof when the an-
tenna is not in use. 
The pieces A and B are made from sections 

of brass rod 34, ineh in diameter. One end of piece 
A, which has an over-all length of 3M inches, is 
turned down for a length of 2 inches to the di-
ameter required to fit the inside of the bottom 
of the tubular antenna, which is soldered fast. 
At the other end of piece A is cut a tongue, 1 
inch long and Y1 inch wide as shown in sketch. 

Piece B has an over-all length of 6 inches. 
One end is turned down and threaded with a 
34-inch die, while a slot, 1 inch deep and Yi 
inch wide to fit the tongue of A, is cut in the 
opposite end. The slotted end is then drilled 
and tapped on one side of the slot for a 31-inch 
thumb screw, C. A vertical elongated hole is 
drilled and filed out in the tongue of piece A, 
so that, with the thumb screw loosened, A 
can be lifted up slightly to clear the shoulders 
of B while the antenna is being folded down. 
The solid seating of the two pieces, A and 
C, against each other 
when the antenna is 
erected in a vertical 
position provides lit-
tle opportunity for 
the joint to work loose 
under vibration. 
The threaded shank 

of piece B passes 
through a hole in the 
roof of the car. The 
polystyrene washers, 
D and E, provide the 
necessary insulation. 
Each is 2 inches in 
diameter and 3.¡ inch 
thick and has a collar 
or hub inch thick-
turned on one side to 
fit the hole in the car B 
roof. The assembly is 
clamped to the roof of 
the car by means of 
the locking nuts either 
side of F. F is a solder-
ing lug for making the 
connection to the an-
tenna. 

If the assembly is 
placed near the for-
ward part of the roof, 
a two-meter half-wave 
antenna may be folded 
back at the hinge when 
not in use without the 
antenna overhanging 
the rear of the car. 

Fig 1807 — Feed. 
through insulation and 
fittings for the folding 
ear-roof mobile antenna. 
The joint hinges at C so 
that the antenna may be 
folded down parallel to 
the roof of the car. 
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Fig. - Three-wire 
folded-don', et antenna 
for ma tehi ue a 600-
ohm line. The three 
coniluctors are con-
nected together at the 
ends, as indicated. 
They may he made of 
wire, rod or tubing, 
and can he mounted 
on stand-off insulators 
on a wooden support. 

E Low-Frequency Emergency Antennas 
An:,- of the simple low-frequency antennas 

described in Chapter Ten, or modifications of 
them, should be suitable for low-frequency 
portable and emergency work. End-fed anten-
nas of the simple voltage-fed or Zepp types 
probably are the easiest to erect, although a 
center-fed antenna is more tolerant as to 
dimensions so long as the entire system in-
cluding the feeders can be tuned to resonance. 
With such a center-fed arrangement. the 
feeders will stay in balance, even though the 
antenna portion of the system is much less than 
a half-wavelength long. 

For portable work at 
low frequencies a com-
pact antenna which has 
been used successfully at 
3.5 Mc. consists of about 
60 feet of No. 18 enam-
eled wire wound in a 
spiral around a long bam-
boo fishing pole. The 
turns are space-wound 
over the top 14 feet of 
the pole and then close-
wound for about three 
feet. The remaining 
length of the pole is left 
free so that it may be 
lashed to a tree or other 
convenient upright, or 
simply stuck in the 
ground when no support 
is available. The bottom 
end of the winding is 
connected through an an-
tenna tuner to ground. 
The pi-section antenna 

coupler described in 
Chapter Ten and the pi-

section tank circuit shown in Fig. 1302, Chap-
ter Thirteen, are good devices for coupling 
random lengths of wire to either transmitter or 
receiver. An antenna of this type may be erected 
by tying a weight to one end of the wire and 
tossing it into a tree or over some other possible 
elevated support. 

Transmission lines— At nearly all fixed 
locations it will be necessary to use a transmis-
sion line between the antenna and the radio 
equipment, since the latter will be indoors 
where it is easily accessible while the former 
will be placed on the roof of the building to 
secure adequate height. Low-loss concentric 
line is ideal for working into the center of a 
half-wave antenna, but there is little likeli-
hood it can be obtained except in isolated 
instances. The alternative is an open-wire line 

having an impedance of 500 to 600 ohms. It is 
advisable to keep the spacing between wires 
small, to prevent radiation loss; 2-inch spacing 
is about right, provided the line can be installed 
fairly rigidly so that it will not swing in a 
breeze and cause the transmitter frequency to 
change. This close separation also requires a 
fairly large number of spacers — at intervals 
of perhaps three to four feet. 
To make such a line nonresonant it will be 

necessary to install a matching stub at the an-
tenna. The design and adjustment of such 
stubs also is covered in Chapter Ten. As an 
alternative, a multi-wire doublet antenna may 
be used to couple directly to a line having an 
impedance of the order of 500 to 600 ohms 
without special matching provisions. Such an 
antenna is shown schematically in Fig. 1808. It 
gives a 9-to-1 impedance step-up at the line 
terminals, hence practically automatic match-
ing to a 600-ohm line, assuming the normal 
doublet impedance of 70 ohms. In addition, it 
has a broad resonance characteristic and there-
fore is well suited to working anywhere in the 
band. 
To avoid the necessity for impedance match-

ing, two-wire lines may be operated as tuned 
lines if desired. Such operation has been suc-
cessful with lines up to at least 100 feet long. 
Since in most cases the coupling device at the 
transmitter or receiver is a single-turn coil, the 
simplest method of tuning the line is to adjust 
the feeder length until the current in the line 
is maximum when the transmitter is operating 
on the chosen frequency. A small dial light or 
flashlight bulb, conneeted in series wit h one 
side of the line right at the transmitter termi-
nals, may be used as a current indicator. The 
transmission line should be made about four 
feet longer than necessary, its length being 
adjusted by cutting off an inch or two at a 
time until maximum bulb brilliancy is ob-
tained. 
From a constructional standpoint it is de-

sirable to use the same antenna for both trans-
mitting and receiving. The change-over switch 
for this purpose should have low capacity, and 
preferably should have low-loss insulation. The 
ordinary type of wafer switch is satisfactory, 
particularly if it is ceramic insulated. A small 
porcelain-base d.p.d.t. knife switch also may 
be used for this purpose. If possible, the an-
tenna switch should be combined mechanically 
with the power-supply change-over switches 
for the transmitter and receiver so that all 
the necessary switching from transmission 
to reception can be done in one simple 
operation. 



ehapter _Nineteen 

Measurements and Measuring 
Equipment 

TO COMPLY with FCC regulations it 
is necessary 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 transmitter frequency to make sure that it 
is inside the band. This means must be inde-
pendent of the frequency control of the trans-
mitter itself; it is not enough to depend on, 
say, the calibration of a crystal in the crystal-
controlled oscillator that drives the transmit-
ter. In addition, it is necessary to make sure 
that the plate power input to the final stage 
of the transmitter does not exceed one kilo-
watt. The regulations also impose certain re-
quirements with respect to plate-supply filter-
ing, stability and purity of the transmitted 
signal, and depth of modulation 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. 

Fundamentally, the process of measurement 
is that of comparing a quantity with a refer-
ence standard. Measuring equipment divides 
into two types: (1) fixed standards giving a 
reference point of known accuracy, used with 
associated equipment for making comparisons 
between the known and unknown quantities, 
and (2) direct-reading instruments or meters 
which have previously been calibrated in 
terms of the quantity being measured. 

liods of making the measurements re-
quired in the amateur station will be discussed 
in this chapter, and design and construction of 
representative types of the instruments used 
in making these measurements will be de-
scribed. 

EL Frequency Measurement 
Frequency-measuring equipment can be di-

vided into two broad classes: oscillators of 
various types that generate 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 standard 
and the heterodyne frequency meter. The second-
ary frequency standard, nearly always crystal-
controlled, usually generates a frequency 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 provide 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 standard or by 
other means. The oscillator usually 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 which 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-

395 
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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 tint 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 approxi mat e fre-
quency of the transmitter. If the receiver is 
well made and has good inherent stability a 
bandspread dial calibration can be relied upon 
to within perhaps 0.2 per cent. Some manufac-
tured receivers having factory calibration may 

Fig. 1902— Circuit diagram of the precision low-drift e 

C: 

68.11 65C7  
c") c 

 i(  

.r=nt c.z% 

Si Rd L 

80 .-w"r ""11.1 YR190 

Ci • VR-105 

IC" 

Ti — Power transformer, 250 volts, 1.1 — 
40 ma. L2 — 

550-1200 Ke. 130 turns No. 30 enamel. 
1200-3300 Kc. 70 turns No. 22 enamel. 
3.3-7.5 Mc. 22 turns No. 22 enamel, length 

Fig. 1901 — A secondary frequency 
standard, incorporating a 100-ke. low-
tin It crystal oscillator, a 10-ke. mtaltivi-
brator, and a hat-mama. amplifier-modu-
lator. Controls along the bottom are, 
left to right: ( output tuning, C14; on-off 
switch, St; -. 1r switch, Sa;  Itivi-
brator switch, Sa, and multivilerator 
control, R... Power transformer, recti-
fier and regulator tubes are along the 
rear edge of the 7 X 12-inela cha -- is. 
The ers st al oscillator is at the rigid, 
multivibra tor tulw in the cciitcr, and 
output circuit at the left. The output 
cireuit .11111,1 1.1 the band in ii-e, with 
output talsra either through C17 or a 
li nts ainding. outinit coupling is ad-
juged to ads dc-ireil signal strength in 
the receiver. The - t.il frequency can 
be adjusted to pro i- ils 100 Lc. by the 
vernier dial ciintridling Ci. Su ailing 
the multivilerator section on or off will 
eau-, a frequency change of less than 
1 part in a million. 

be used to even closer limits. For most accurate 
measurement maximum response in the re-
ceiver should be determined by means of a 
carrier-operated tuning indieator (S meter), 
the receiver beat oscilhd or being turned off. 
When checking the transmitter frequency 

the receiving antenna should be disconntqqed, 
so that t he signal will not overload or " block" 
the re eui vet.. If the receiver still bloeks without 
an antenna the fn•quency may be checked by 
turning off the pnwer amplifier and tuning in 
the oseillator alone. 
Secondary frequency standard — Amateur 

requirements for high-accuracy frequency 
checking, as well as for calibration of auxiliary 
frequency-measuring equipment, are best met 
by a crystal-controlled secondary standard. 
With a 100-ke. crystal, band edges as well as 
intermediate 100-kilocycle intervals can be 
marked quite accurately through the use of 
harmonics. Furthermore, if the standard is 
provided with a 10-kc. multivibrator for fre-

rystal-eontrolled 100-ke. secondary frequency standard. 
C1 - - Dual variable. 
C2, Ca -- 0.01-afel. 400-viill paper. 
Ca, Cr, — 0.00 Ueda'. midget mica. 
CA. C7 10-japfd.  • Igo mica. 
Cs — 50-aa fal. midget mica. 
Cs, Cm, C11, C12-0.1.pfd..100.VOIC. 
C13 — 0.002- Id. midget Utica. 
C14 -- 110.anfil. variable. 
CIS, C16 — .150-volt electro. 

I'. tie. 
CI7 — 3-30-mpfd. mica trimmer. 
RI - - I tiat.pihm, !„ 2-watt. 
112. — 0.5 megolun, 1-watt. 
Ri, lir, — 50,000 ohms, 1-watt. 
Rs, 11.7 — 20,000 ohms, .!'.".j-watt. 
Rs — 15.000-ohm potentiometer. 
— 0.3 megoltan, 3.2-w at t. 

R to — 0.1 megolant, 32-watt. 
1111 — 800 ohms, !-‘, att. 
R12 —  27,,000 ohms, 1-watt. 
R ta —  50,000 ohms. 1-watt. 
1114 — 1500 obus, 10-watt. 

7-henry, 40-ma. filter choke. RFC — 2.5 nth. r.f. choke. 
Specifications below. St, Si, Sa S.r.e.t. toggle. 

6.8-15 Mc. 11 turns No. 22 enamel, length 1 inch. 
13.5-32 Mc. 5 turns No. 22 enamel, length 1 inch. 

1 inch. All coils wound, on 1;4 inch diameter forms. 

18c 
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quency division, calibration points can be 
obtained at 10-kilocycle intervals throughout 
the entire high-frequency spectrum up to the 
limit at which harmonics become too weak to 
be usable. It is readily possible to use harmonics 
from a 100-kc. crystal up to at least 30 mega-
cycles. 
Such a standard can be constructed at quite 

reasonable cost. An instrument of this type is 
illustrated in Figs. 1901-1903, inclusive. The 
frequency control is a Bliley SOC-100 unit, 
consisting of a low-drift 100-kc, bar with an 
oscillator coil in the same mounting. The oscil-
lator tube is a 6SJ7, used in the circuit recom-
mended for this crystal unit by the manufac-
turer. The output of the oscillator is coupled to 
a 6K8 harmonic amplifier through Cs, Fig. 
•1902, and also to the 6SC7 multivibrator (a 
resistance-capacitance oscillator of the relaxa-
tion type) through Co. The multivibrator 
fundamental frequency is 10 kc. and it is 
locked at this frequency by the 100-kc. output 
of the crystal oscillator. The output of the 
multivibrator, consisting of 10 kc. plus a series 
of harmonics, is used to modulate the 6K8 
output by coupling to the injection grid. This 
gives a series of 10-kc. signals between each 
pair of 100-kc. harmonics. The oscillator plate 
electrode in the 6K8 is not used. 
The output circuit of the 6K8 is tuned to the 

particular frequency on which checking is to be 
done. This increases the harmonic output at 
that frequency. Plug-in coils are provided to 
cover the range from 550 kc. to 32 Mc. The 
output may be taken either from the small 
coupling condenser, C17, or from a link winding 
on each coil. Sufficient coupling to the receiver 
usually will be obtained if a wire connected to 
C17 is simply brought near the receiving an-
tenna lead-in. 
A power supply is incorporated in the unit, 

with its output voltage regulated by 
means of the VR-150-30 and VR-
105-30 tubes. The voltage regulation 
prevents changes in oscillator fre-
quency with varying line voltage. 
The crystal frequency can be ad-

justed to precisely 100 kc. by beat-
ing the output on 5000 kc. against 
the continuous transmissions on this 
frequency from WWV. After a 
warm-up period of 15 minutes or so, 
the frequency should stay within a 
few cycles of WWV over considera-
ble periods of time. The multivi-
brator can be cut out of the circuit 
by means of 83 when only 100-kc. 
points are wanted. A " B" switch, 
82, is provided so that the unit may 
be made inoperative without cutting 
off the heater voltage. 

Identification of 100-kc. points is 
sometimes difficult unless the re-
ceiver is already provided with a 
fairly accurate frequency calibra-
tion. On the other hand, it is easy to 

WWV SCHEDULES 

All U. S. frequency calibration is based on 
the standard frequency transmissions from 
the National Bureau of Standards standard-
frequency station, WWV. This station is on the 
air continuously, day and night, its radio fre-
quencies of 5, 10 and 15 Mc. (and 2.5 Mc. from 
7 P.M. to 9 A.M. EST with 440-cycle modula-
tion only) modulated by standard audio fre-
.1 uencies of 440 and 4000 cycles per second, the 
(..rmer corresponding to A above middle C. In 
addition, there is a 0.005-second pulse every 
second, heard as a faint tick, which provides 
an accurate time interval for purposes of 
physical measurements. 
The audio frequencies are interrupted on the 

hour and every five minutes thereafter for one 
minute to give Eastern Standard Time in 
telegraphic code and to provide an interval for 
checking r.f. measurements. The station an-
nouncement is given by voice on the hour and 
half hour. 
The accuracy of all frequencies is better than 

a part in 10,000,000. The 1-minute, 4-minute, 
and 5-minute intervals marked by the begin-
ning and ending of the announcement periods 
are accurate to a part in 10,000,000. The begin-
nings of the periods when the audio frequen-
cies are interrupted mark accurately the hour 
and the successive 5-minute periods. 

identify a signal to the nearest megacycle on 
practically any receiver. It is therefore helpful 
to make provision for generating a frequency 
of 1 megacycle (1000 kc.) in the instrument for 
preliminary checking. For checking 1000-kc. 
points a coil of about 150 microhenrys (1M-
inch winding of No. 30 d.c.c. on a 1M-inch 
diameter form) may be substituted for the 
crystal unit, connecting it between points X-X 
in the diagram. The circuit will tune to 1000 
kc. with C1 near maximum capacity. The exact 
frequency may be set by adjusting so that the 
fifth harmonic coincides with WWV on 5 Mc., 

Fig. 1903 — Bottom view of the frequency standard. Reasonable 
care should be used to keep the circuits separated and leads short, but 
there are no critical wiring points. The filter choke is mounted on the 
rear edge of the chassis. 
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or so that the fundamental is at zero beat with 
a broadcast station on 1000 kc. 
To adjust the multivibrator, first note the 

receiver dial readings for two adjacent 100-kc. 
harmonics with the multivibrator off. The 
receiver beat oscillator should be on, the tuning 
being adjusted for zero beat to obtain dial 
readings. Then turn on the multivibrator, set 
the frequency control, R8, at about half scale, 
and count the number of signals (zero-beat 
points) between the two marked 100-kc. points. 
If the number is other than nine (nine beats 
indicate 10-kc. intervals) readjust R8 until nine 
are observed. In case the number of beats ob-
served is considerably more than nine (possibly 
18 or 20, some weaker than others) careful 
adjustment of R8 should cause the spurious 
signals to disappear, leaving only the nine 
desired. 

In using the standard for checking fre-
quency, first locate the signal to be measured 
between two 100-kc. points with the multivi-
brator off. For example, it may be found that 
the signal lies between 7100 and 7200 kc. Then 
switch on the multivibrator and count the 
number of 10-kc. points between the lower of 
the two 100-kc. harmonics and the signal. 
Starting with 7100 kc. as zero, it may be found 
that six 10-kc. points are counted before the 
signal is reached. The frequency is therefore 
between 7160 and 7170 kc. A closer estimate 
of the frequency may he made by observing 
the number of receiver dial divisions between 
the 7160 and 7170 points. For instance, sup-
pose there are six divisions between 7160 and 
7170, and that the signal being measured is 
four divisions from 7160. The signal is there-
fore approximately 5é x 10 kilocycles, or 7 kc. 
above 7160. Thus the frequency is 7167 kc. 

100-1000- ke. frequency standard — A sim-

Fig. 1904 — 100-1000-kc. crystal calibrator. Output is 
taken through the insulated terminal bushing at left 
rear. 

53v -2505• 

Fig. 1905 — Circuit diagram of a dual- requency 100-
1000-kc. crystal-controlled crystal calibrator. 

C1— 35-aafil. midget Variable ( Ilarntnarlund IIF-35). 
C2 — 100-upfil. mica trimmer (Ilaintuarlund CTS-85). 
C2, C4, Cs — 0.1.5M. .100-volt paper. 

0.001-afd. midget mica. 
RI — 5 megiihms, h.watt. 
112— 500 ohms, h-watt. 
113 — 25,000 ohms, 1-watt. 
Rs — 0.25 megolim, h-watt. 
1.1 — 8-mh. r.f. choke (Nleissuer 1920-78). 

2.5-mh. r.f. choke (all but one pie removed). 
Si — 1).p.d.t. toggle switch. 
S2— S.p.s.t. toggle switch. 
Crystal — Bliley SN1C-100. 

pier type of crystal-coot rolled frequency 
standard, using a special crystal capable of 
oscillating at either 100 or 1000 kc., is shown in 
Figs. 1904-1906, inclusive. This unit, which 
can be built at quite small cost, provides check 
points through the spectrum at 100-kc. inter-
vals, sufficient for marking the edges of the 
amateur bands and for general calibration 
purposes. 
The frequency of oscillation is shifted be-

tween 100 and 1000 kc. by tuning the oscillator 
tank circuit to the proper frequency. In the 
unit pictured, a d.p.d.t. toggle switch selects 
the desired frequency by making connect ion to 
either of t wo tank circuits. In the 100-kc. posi-
tion this switch also connects a small trimmer 
condenser in parallel with the crystal. As the 
capacity of this condenser is increased the fre-
quency of the crystal is lowered, so that if I he 
crystal frequency is originally slightly high it 
becomes possible to set it to precisely 100 ke., 
as indicated by checking the 5-Mc. harmonic 
against WWV. In purchasing the crystal it 
should be specified that any error in frequency 
be on the high-frequency side of 100 kc. 

Tite accuraey when the oscillai or is oper-
ating on 1000 kc. is wit hin 0.05 per cent. How-
ever, since this frequency is used only for 
identification of the 100-kc. harmonics, this 
amount of error is not important. 
The oscillator output is taken through an 

insulated bushing from which a connecting 
lead can be run to the receiver input. S/c2 opens 
the plate-supply lead when no signal is wanted; 
the heater is ordinarily left on continuously to 
keep the tube at operating temperature. Useful 
output may be obtained at harmonics up to 
about 30 Mc. 
Heterodyne frequency meters — The basis 

of the heterodyne frequency meter is a com-
pletely shielded oscillator with a precise fre-
quency calibration covering the lowest fre-
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quency band in use. The oscillator must be so 
designed and constructed that it can be ac-
curately calibrated and will retain its calibra-
tion 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, and employing only high-
grade ceramics for insulation. Plug-in coils or 
switches ordinarily are not acceptable; instead, 
a solidly built and firmly mounted tuned circuit 
should be permanently installed. The oscillator 
panel and chassis should be reinforced for 
rigidity. 
To obtain high accuracy, the frequency me-

ter must have a dial which can be read pre-
cisely to at least one part in 500; ordinary dials 
such as are used for transmitters and inexpen-
sive receivers are not capable of such precision 
without the addition of vernier scales. Select a 
dial which has fine lines for division marks and 
an indicator close to the dial scale, so that the 
readings will not appear different because of 
parallax when viewed from different angles. 
A stable oscillator circuit suitable for use in 

a heterodyne frequency meter is the electron-
coupled circuit. The oscillation frequency is 
practically independent of moderate variations 
in supply voltages, provided the plate and 
screen voltages are properly proportioned, and 
it is possible to take output from the plate with 
but negligible effect on the frequency of the 
oscillator. A third feature is that strong har-
monics are generated in the plate circuit. 
A typical electron-coupled frequency meter 

is shown in Figs. 1907-1908. For convenience 
in checking the frequency of the transmitter or 
other local oscillators which generate suffi-

Fig. 1906 — Interior of 100-1000-kc. crystal calibrator. 
The crystal is mounted at top center, above the socket. 
Trimmer for 1000-kc. plate circuit at lower right, 8 rah. 
choke for 100 kc. at lower left. 

Fig. 1907 — Electron-coupled heterodyne frequency' 
meter with har ttttt nie amplifier and voltage regulator. 
The direct-reading dial is calibrated for every 10-kc. 
point from 1750 to 1900 kc. Axial lines passing through 
these points are intersected by ten semi-circular sub-
division lines. Diagonal lines connecting the ends of ad-
jacent 10-kc. lines, in conjunction with the subdivisions, 
enable reading the scale accurately to 1 kc. or better. 

ciehtly strong signals, a detector is ncorpo-
rated in the circuit of Fig. 1908 to combine the 
signals and deliver the audio beat-note output 
to headphones. 
When the frequency meter is first turned on 

some little time is required for the tube to reach 
its final operating temperature, and during this 
period the frequency of oscillation will drift 
slightly. Although the drift will not amount to 
more than two or three kilocycles. on the 
35nti-kc. band and proportionate amounts on 
the other bands, it is desirable to allow the fre-
quency meter to " warm up" for about a half 
hour before calibrating or before making meas-
urements in which utmost accuracy is desired. 
Better still, it may be left on permanently. The 
power consumption is negligible, and the long-
time stability will be vastly improved. 
Although some frequency drift is unavoid-

able, it can be minimized by the use of voltage-
regular tubes in the power supply and low-drift 
silvered-mica or zero temperature-coefficient 
fixed condensers in the tuned circuit. A small 
negative temperature-coefficient condenser may 
be included to compensate for residual drift. 

Calibration of the frequency meter is read-
ily accomplished if a secondary standard is 
available, the required calibration points being 
supplied by harmonics from the standard. The 
frequency meter is tuned to zero beat with 
these harmonics, using either a built-in detec-
tor or the station receiver to combine the two 
signals to provide an audible beat. When a 
sufficient number of points have been estab-
lied they may be marked on graph paper 
and a calibration curve drawn. For maximum 
convenience a direct-reading dial scale can be 
constructed. 
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Fig. 1908 — Circuit diagram of the electron-coupled heterodyne frequency meter. 
C1 — 350-ppfd. zero-drift. 
C2 — 40- pfd. negative-temperature. 
C3 — 100-, pfd. midget. 
C4— 50-mad. trimmer. 
Cs — 100-upfd. 
Ce, C9 - 0.005-pfd. mica. 
C7, C9, C10 0.002-phl. mira. 
Cit — 25-51d. 25-volt electrolytic. 
C12- 0.01-pfd. 400-volt paper. 
Cu — 0.5-pfd. 400-volt paper. 
C14 — Dual 8-pfd. 450-volt electrolytic. 
RI, 112 — 1 megohm, F2-watt. 
R3 — 200,000 ohms, 2-watt. 
R4 — 150 ohms, 1•:j.watt. 
Ils — 5000 ohms, 1-watt. 
Re — 50,000 ohms, 2.watt. 
117 — 3500-ohm, 10-watt wire-wound. .tr — 2500-ohm, 5-watt wire-wound. 

— 60 turns No. 24 d.e.c., close-wound, 1%-inch diameter, tap at 12 turns. 
Iz — 10-henry 40-ma. filter choke. 
11FC — 65 turns No. 28 e. close-wound, 9i.-inch diameter. 
T — 300-volt, 50-ma. power transformer. 

If no frequency standard is available, cali-
bration points may be obtained from other 
sources of known frequency, such as the trans-
mitter crystal oscillator, harmonics of local 
broadcasting stations, etc. As many such 
points as possible should be secured, so that 
individual inaccuracies will average out. 

With a stable oscillator, a precision dial and 
frequent and careful calibration, an over-all ac-
curacy of 0.05 to 0.1 per cent niay be expected 
of the heterodyne frequency meter. The prin-
cipal limiting factors are the precision with 
which the calibrated dial can be read and the 
"reset" stability of the tuned circuit. 
Absorption frequeney meters — The fre-

quency-checking devices described in the 
preceding sections all use vacuum-tube oscilla-
tors to generate a signal of known frequency, 
which then is compared to the signal to be 
measured in auxiliary apparatus such as a 
receiver. Although capable of high accuracy, 
heterodyne methods require considerable care 
in the identification of proper harmonics. 
The simplest possible frequency-measuring 

device is a resonant circuit, tunable over the 
desired frequency range and having its tuning 
dial calibrated in ternis of frequency. Such a 
frequency meter operates by extracting a small 
amount of energy from the oscillating circuit 
to be measured, the frequency then being de-
termined by tuning the frequency-meter circuit 
to resonance and reading the frequency from 
the calibrated scale. This method is not ca-
pable of as high accuracy as the heterodyne 
methods for two reasons: First, the resonance 
indication is relatively " broad" as compared 
to the zero beat of a heterodyne; second, the 
necessarily close coupling between the fre-
quency 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 indi-
cating resonance with an absorption frequency 
meter. When such a meter is used for checking 
a transmitter, the plate current of the tube 

cl 

connected to the circuit being checked can pro-
vide the resonance indication. When the fre-
quency meter is tuned through resonance the 
plate current 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 — just enough to give 
an indication — 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. 

Another method of indicating resonance is 
shown in Fig. 1909. When the meter is tuned to 
resonance with the oscillating circuit being 
measured the flashlight lamp, B, will give the 
brightest glow. For maximum sensitivity a 
low-current lamp should be used. The cir-
cuit being measured must have enough power 
to light the lamp, naturally, so this type of in-
dicator usually is most suitable for checking 
transmitters. Greater sensitivity can be ob-
tained by connecting a detector, either vacuum-
tube or crystal type, to the frequency meter 
circuit. 

Although the absorption-type frequency 

t. 

.°  

ED°). 
«NE 

Fig. 1909 — The simple absorption frequency meter cir-
cuit at left is used chiefly in transmitter checking, with 
link-line coupling to the circuit being checked. Circuit 
at right uses a flashlight-bulb indicator loosely coupled 
to the tuned circuit, giving a sharper resonance point. 
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Fig. .1910 — A sensitive absorption-type frequency littler 
with a crystal-detector rectifier and d.e. milliam iiic ter 
indicating circuit. Individual calibration charts mounted 
directly on each coil form make the meter direct-reading. 
The toggle switch places a 10-ma, shunt across the 0-1 
ma. meter; this range is used for preliminary readings, 
to avoid burning out meter or crystal. The meter gives 
indications at several feet from a low-power oscillator. 

meter should not be depended upon for accu-
rate measurement, it is a highly-useful instru-
ment to have in the station even when better 
frequency-measuring equipment is available. 
Since it generates no harmonics itself, it will 
respond only to the frequency to which it is 

Fig. 1911—Indicating frequency-meter circuit diagram. 
— 140-neifd. variable (Hammarlund UFA-140-A). 

C2 — 0.001-dd. mica. 
D — Fixed crystal detector. 
M — 0.1 d.c. milliammeter (Triplett Model 321). 
RI — 3-ohm shunt; see general data em meter shunts. 
S — S.p.s.t. toggle switch. 
1.4,1•2 Plug-in coils wound on I4-inch diameter 
forms: 

Frequency Range Wire Size Ll Length L2 1, 

1.1-3.5 Me. 
2.5-8.0 Mc. 
4.5-14 Mc. 
7.5-25 Mc. 
22-70 Mc. 

No. 28 e. 81% 
No. 24 t. 37% 
No. 20 t. 17% 
No. 16 t. 8% 
No. 16 e. 2% 

14" 
14" 
1l,2" 
14" 
1" 

17 turns 
11 " 

1 Closewound, No. 30 d.s.c., .4-inch from primary. 
2 Because the impedance of indil idual crystal detec-

tors varies considerably, experiment with the. number of 
turns on L2 is necessary for maximum current indication. 
If meter reads backwards, reverse crystal connections. 

tuned. It is therefore indispensable for dis-
tinguishing between fundamental and various 
harmonics, and for detecting harmonics and 
parasitic oscillations. When provided with a 
sensitive resonance indicator it is also useful 
for detecting r.f. in undesired places such as 

power wiring, for making rough measurements 
of field strength in adjustment of antennas, 
and can likewise be used as a modulation 
monitor. 
An absorption frequency meter must be 

calibrated against a more accurate frequency-
measuring device such as those already de-
scribed. For an approximate calibration — 
usually sufficient for the purposes for which 
an absorption meter is used — it may be 
calibrated by comparison with a calibrated 
receiver. The usual receiver dial calibration is 
sufficiently accurate. A simple oscillator circuit 
covering the same range as the frequency meter 
will be useful in calibration. Set the receiver 
to a given frequency, tune the oscillator to 
zero beat at the same frequency, and adjust 
the frequency meter to resonance with the 
oscillator 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. 1910 to 1912, inclusiveshow an absorp-
tion frequency meter or " wavemeter" with a 
crystal detector-milliammeter resonance indi-
cator which provides a relatively high degree 
of sensitivity. As shown in the circuit diagram, 
Fig. 1911, a pick-up coil coupled to the reso-
nant circuit is connected in series with a crystal 
detector and 0-1 milliammeter. Plug-in coils 
are provided. so that the unit covers the fre-
quency spectrum from about 1 megacycle to 
70 Mc. A switch, S, and shunt, RI, are in-
cluded so that the meter scale readings can be 
increased by a factor of 10, to reduce danger 
of overloading the milliammeter when making 
preliminary measurements. Any type of fixed 
crystal detector may be used, but the v.h.f. 
types are recommended when obtainable. 

Fig. 1912 — In.ide the absorption wavemetcr. The 
tuning condenser and coil socket are mounted on the 
frame of the 3 by 4 by 5 box; remaining parts are fas-
tened to one of the removable sides. 
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Fig. 1913 — A combination wavemeter, field-strength 
indicator and 'phone tpialit>  tor for the 100 -250-
Mc. range. l'he two-titre coil i; part of the wavenieter 
portion, and the hairpin loop provides pick-ap for the 
11\34 crystal detector. For field-strength work, a short 
antenna is connected to the binding post at the left of 
the hairpin loop. 

The unit is constructed in a 3- by 4- by 5-
inch metal box, the milliammeter being 
mounted on one of the side panels. The coil 
socket is on top near one 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 opposite the tuning control for convenience 
in handling. A metal plate, on which an 
appropriate calibration scale is pasted, is 
fastened to each plug-in coil so that the proper 
calibration automatically comes under the 
knob pointer when the coil is plugged in. The 
unit may be calibrated as described in die 
preceding section. 
A two- or three-foot rod antenna and head-

phone jack may be added to the unit, using 
the connections shown in Fig. 1914. These 
additions permit the use of the instru:ncnt for 
field strength measurements and for monitor-
ing 'phone transmissions. The rod antenna is 
not required for ordinary frequency measure-
ment, and its use may be undesirable wli,ui the 
frequencies of individual simultaneously-oper-
ating circuits are to be checked — as n 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. 

In addition to the uses mentioned in the 
preceding section, a meter of this type may be 
used for final adjustment of neutralizatbn in 
triode r.f. amplifiers when loosely coupled to 
the plate tan* coil. 

V.H.F. wavemeter-field strength indiea-
tor-monitor — For operation at very high 

frequencies a different type of construction 
must be adopted for wavemeters of the type 
described in the preceding section. An instru-
ment suitable for the range 100 to 250 Mc. 
is shown in Figs. 1913 to 1916, inclusive. 
Provision is made in this unit for attaching an 
antenna so relative field strength measure-
ments can be made ( for checking v.h.f. antenna 
patterns, for example) and the circuit includes 
a headphone jack so 'phone transmissions can 
be monitored. 
The tuning condenser is .2, split-stator affair 

of 25 mad. each section. It is mounted to give 
short leads to the coil, and the use of a split-
stator condenser results in a low minimum 
capacity. The indication device' includes a 
pick-up loop loosely coupled to the tuned cir-
cuit., a 1N34 crystal and a 0-1 milliammeter. 
The by-pass condenser, C2, furnishes a short 
r.f. return to the pick-up loop and avoids any 
resonances in this circuit within the frequency 
range of the wavemeter. For field-strength 
indication, an antenna is Connected to one side 
of the pick-up loop and the wavemeter cir-
cuit, /. 1(), is detained, resulting in a non-selec-
tive imlicator. 
The Ivavemeter is built in a 3- by 4- by 5-

inch metal cabinet, with the tuning condenser, 
Ch mounted under the top. The condenser 
shaft comes out through a clearance hole in the 
side. An aluminum plate, 2Fh'e by 3.;g inches, is 
bolted on the side to back up the calibration 
scale. A polystyrene strip is used to mount the 
two National WA binding posts that hold 
tlu• coil, LI. The 'phone jack, J1, is mounted on 
the side of the case below the tuning knob. 
The wavemeter may be calibrated by using 

Lecher wires (see next section) in conjunction 
with a v.h.f. oscillator. (The oscillator may be 
the 144- or 220-Me. transmitter.) Attach a two-
foot length of stiff wire to the antenna post 
of the wavemeter. With an oscillator capable 
of delivering 5 watts or so, a meter reading 
should be obtained several feet, from the oscil-
lator. The Lecher wires can then be very 
loosely coupled to the oscillator, and as the 
proper shorting points on the Lecher wires are 

12 

Fig. 1914— Wiring diagram of the wavemeter and 
field-strength indicator. 

C1— 25-umfd. per section split-stator variable. (Card-
well Ell -27,-AD). 

C2 - 100-aufd. midget mica. 
Ji — Closed-circuit telephone jack. 
— 0-1 milliammeter. 

Li — 90-180 Mc.: 2 turns No. 12 wire, 13 inch diant., 
spaced wire diameter. 

125-250 Me.: hairpin loop of No. 12, 13.f-inch 
long, h-inch spacing. 

1.2— Hairpin loop of No. 12, 234.-inch long, .h-inch 
spacing. 
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found, a dip will be observed in the wave-
meter current. If now the tuning knob of the 
wavemeter is rotated, a sharp dip in wave-
meter current will be found, and this point 
should be marked in pencil on the scale and t te 
frequency, as calculated from the Lecher wires. 
should be noted for future calibration. As a 
double check on the calibration of the wave-
nwt ir, remove the antenna and tune t he wave-
tinter for maximum meter reading. The t two 
points should be identical. If they are not, 
the pick-up loop is coupled too closely to the 
tuned circuit of the wavemeter. 

Lecher wires— At, very-high and ultra-
high 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 transmission line or Lecher wires. 
Such a line shows pronounced resonance effect s, 
and it is possible to determine quite accurately 
the current loops (points of maximum cur-
rent). The distance between two consecutive 
current loops is equal to one-half wavelength. 
Thus the wavelength can be read directly in 
meters (inches X 39.37 if a yardstick is used), 
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 
st ret cited tightly between any two convenient 
supports. The spacing between wires should be 
approximately one to one and one-half inches. 
The positions of the current loops are found by 

Fig. 1915 — Inside the v.h.f. wavemeter. The leads from 
the coil binding posts to the tuning capacitor are short 
and direct. 

Fig. 1916— A view of tlu- back of the v.h.f. meter 
slum ing the stiff supportit.g wire fin the crystal and 
by-pass condenser. 

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-
manent fashior and provided, with a shorting 
bar maintained at tied anglet to the wires 
(Fig. 19181'. The support may consist of two 
pieces of " 1 by 2" pinc fastened together with 
wood screws to form a T girder, this arrange-
ment being used to minimize bending of the 
wood when the wires ere tightened. 
A slider holds t lice shorting bar and acts as a 

guide to keep the wire spacing constant. A 
piece of wool held in tie hand an be used; it 
is an easy matter o regulate the pressure so 
that free movement is secured. A spring device 
may be arranged for the same purpose. 

For convenience in measuring lengths di-
rectly in the metric system used for wave- - 
length, the supporting beam may be marked 
off in decimeter ( 10-centimeter) units. A 10-
centimet('r transparent scale (obtainable at 5 
k 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 ilifferenc e between any two readings 
gives the half wavelength directly. 
Making measurements — Resonance indi-

cations can be obtained in several different 
ways. Let its suppose the frequency of a trans-
mitter is tr) be measured. A cLmvenient and 
fairly sensitive indicator can be made by 
soldering the ends ef a one-turn loop of wire, of 
about the same diameter as the transmitter 
tank coil, to a low-current flashlight bulb, then 
coupling the loop to the tank coil to give a 
moderately-bright glow. A similar coupling 
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loop should be connected to the 
ends of the Lecher wires and 
brought near the tank coil, as 
shown in Fig. 1917. Then the 
shorting bar should be slid along 
the wires outward from the trans-
mitter 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 ob-
tained. Marking the second spot, 
the distance between the two 
points can be measured and will be 
equal to half the wave-length. If 
the measurement is made in inches, 
the frequency will be 

5906  
M. — 

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 
obtained, 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. 

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 obtaine.l. 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 
The accuracy with which frequency can be 

measured by such a system depends principally 
upon the technique of measurement. The 

Fig. 1918 — 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 lev a MO 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. 
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Fig. 1917 — Coupling a Lecher-m ire system to a trans-
mitter tank coil. Typical standing-wave distribution is 
shown by the dashed line. The distance between the 
positions of the shorting bar at the current loops equals 
one-half wavelength. 
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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. 

Ift 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 antenna input terminals 
may reduce it to suitable proportions, or the 
mixer circuit in the receiver may be tempo-
rarily detuned to arrive at the same result. 
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-
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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 loud-speaker is not usually 
practicable because the sound output feeds 
back to the microphone and causes howling. 
A crystal detectv 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. 

e 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 worthwhile 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 volt-
meters are basically identical instruments, the 
difference being in the method of connection. 
An ammeter is connected in series with the 
circuit and measures the current flow. A volt-
meter is a milliammeter which measures the 
current through a high resistance connected 
across the source to be measured; its calibra-
tion 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 
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 

Fig. 1919— A Lecher-wire system set up for frequency measurement, using a crystal-detector absorption frequency 
meter, loosely coupled to the oscillator tank, as a resonance indicator. Because only very loose coupling to the oscil-
lator is required, this system will give more accurate results than coupling the wires directly to the transmitter tank. 
The shorting bar is of brass with a sharp edge for better contact and more precise indication; the wooden slider 
keeps it at right angles to the wires. Sheet metal pieces screwed to the sides of the sliding block are bent under the 
horizontal member of the T to keep the block in place. 
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Fig. 1 92 0 — 
How voltmeter 
multipliers and 
milliammeter 
shunts are con-
nected to ex-
tend the range 
of a d.c. meter. 

low-srale 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 volt met or or in shunt in the case of an 
ammeter. Fig. 1920 shows at the left the man-
ner in which a si 11111 t is CUll ! It'll csl to extend the 
range of an antnwter awl a t he right the con-
nection of a volt meter 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 volt meter, the value of resistance which must 
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: 

1000 E 
R — 

where E is the desired full-scale voltage and / 
the full-scale reading of the instrument in 
milliamperes. 
To increase the current range of a milliam-

meter, the resistance of the shunt is 

RP's 
R = - 

it — 1 

where the symbols have the same meanings as 
above. 

Homemade milliammeter shunts can be con-
strueted from any of the various special kinds 
of resistance wire, or front ortlinary copper 
magnet wire il' no resist anee wire is available. 
The Copper \Vire Table in Chapter Twent 
gives the resistance per 1000 feet for varM il,-; 
sizes of cegeper wire. After continuing the re-
sistanc(' required, determine t he smallest wire 
size which will carry the full-scale current (at 
250 circular mils twr ampere). Measure off 
enough wire ( pulled light hut not stretched) 
to provide t he 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-
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 
due 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: = El. Thus 
the voltmeter and ammeter are also the in-
struments used in measuring d.c. power. 
Multi-range voltmeters and ohmmeters — 

A combination volttneter-millammeter having 
various ranges is extremely useful for experi-
mented purposes and for trouble shooting in 
receivers and transmitters. As a volt meter such 
an instrument should have high resistance so 
that very little current will be drawn in making 
voltage tneasurements. A voltmeter taking con-
siderable current will give inaccurate rent hugs 
when connected across a high-resistance source 
— as is often the case in various parts of a 
receiver circuit. For such purposes the lust ru-
ment should have a resistance of at. hast 1000 
ohms per volt: a 0-1 milliamtneter or 0-500 
microammeter ( 0 -0.5 ma.) is the basis of most 
multirange mint ers of this type. Microam-
meters having a range of 0-50 pa., giving a 

Fig. 1921— An inexpensive multi-range olt-ohm-mil. 
liammeter housed in a standard 3 x 4 x 5 metal cabinet. 
Ranges are marked with number dies, the impressions 
being filled with white ink. High-voltage test leads are 
available for use on the 5000-volt range. 
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Fig. 1922 — Circuit • .1 the low-cost V-0-14. 
ii — 2000-ohm wire-wound variable. 
{7 — 3000 ohms, 3/2-watt. 
{3 — 100-ma. shunt, 0.33 ohms (see text). 
Li —.10-ma. shunt, 3.6 ohms (see text). 
{5.— 40,000 ohms, !•i-watt. 
tit megohnis, 4-watt (four 1-megolun 

1-watt resistors in series). 
117 — 0.75 megohm, 1-watt (0.5 megolun 

and 0.25 megohm F2-watt in series). 
R — 0.2 inegolun, ! 2-watt. 
Its — 40,000 ohms, 32-watt. 
Rio — 10,000 ohms, !-watt. 
SW — 9spoint 2-pole switch (Mallory - 

Yaxley 3109). 
B — 4.5 volts (Burgess 5360). 

Ri 

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. 

It is often necessary to check the value of a 
resistor or to find the value of an unknown 
resistance, particularly in rt•ceiver servicing. 
An " ohmmeter" is used for t his 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 reading to de-
crease. The meter st-ale can be calibrated in 
ohms. When the resistance of the voltmeter 
is known, the following formula can be applied: 

eR 
R = — 

where R is the resistance under measurement, 
E is the voltage read on the 

meter, 
e is the series voltage applied, 
R„, is the internal resistance of 

the meter. 

A combination multirange volt-
ohm-milli-ammeter, reduced to simple 
and inexpensive terms, is shown in 
Figs. 1921 to 1923, inclusive. Using a 
0-1 milliammeter, the voltmeter has 
five ranges at 1000 ohms per volt: 
0-10, 50, 250, 1000 and 5000 volts. 
Current ranges of 0-1, 10 and 100 nia, 
are provided. There are two resistance 
measurement ranges (three with ex-
ternal battery), a series range of 
0-250,000 ohms, and a shunt range of 
0-500 ohms. The " high-ohms" scale 
can be multiplied by 10 if the positive 
terminal of a 45-volt battery is con-
nected to the terminal indicated in 
Fig. 1922, the unknown resistance 
being connected between the negative 
battery terminal and the negative ter-
minal of the ohmmeter. 

R5 

Ext. BAT. 
HI- OHM 

 0+ 5000V, 

l'or mum ny, ordinary carbon resistors are 
used as voltmeter multipliers. These can be 
obtained with an accuracy within 5%. The 
5000-volt multiplier is made up of four 1-watt 
resistors encased in heavy varnished cambric 
tubing to protect, against. flashovers. The tub-
ing extends over t he posit ive " 5M t or mi uni, 
which is further insulated by a liberal wrapping 
of friction tape. 
The 10-ma. and 100- ma. shunts are made 

with ortlinary copper lin t gnet wire wound on 
short lengths of U-inch diameter bakelite rod. 

The Oscilloscope 

The cathode-ray oscilloscope is an instru-
ment of great versatility, and in conjunction 
wit ti the instruments :ilretely described, rounds 
out the measuring equipment of the practical 
amateur station. The oscilloscope is useful on 
d. e., am ho and radio frequencies, and is par-
ticularly suited to a. f. and t'. f, measurements 
because, compared to id her typos of measuring 
equipment, it, introduces relatively little error 
at such frequenvies. 

Probably the chief use of the oscilloscope in 
amateur work is in measuring the percentage 

Fig. 192.1 — Interior of low-cost volt-ohni-milliaminetcr. All parts 
except the internal ohnuneter battery are mounted on the .1 x 5-
inch balo-lite panel. The battery is attached to the bottom plate. 
The voltmeter multiplier is first assembled on an insulated tie strip, 
then wired into the circuit. 'flic NI-shaped object in the rear is the 
5000-volt multiplier — four 1-watt resistors covered with varnished 
cambric tubing. 
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Fig. 1924— An oscilloscope circuit for modulation 
monitoring. 
— 0.01-pfd. 400-volt paper. 
— 0.5-pfd. 800-volt paper or oil-filled. 

Ca — 0.005-gfd. mica. 
C4— 0.1-afd. 600-volt paper. 
Ri — 50,000-ohm variable. 
Ra, 113 0.5-megolint variable. 
R3 — 1 megohm, 1-watt. 
114, lta — 0.5 meggilim, 1-watt. 
Si — S.p.s.t. toggle switch. 
Sa — S.p.d.t. toggle switch. 
T — Replacement-type transformer; 350 volts, 40 ma.; 

$ volts, 3 amperes; 0.3 volts, 2 amperes. 

modulation in ' phone transmitters and in serv-
ing as a continuous monitor of modulation 
percentage. An oscilloscope for this purpose 
may be quite simple and inexpensive, consist-
ing only of a small cathode-ray tube and an 
appropriate power supply. However, by pro-
viding amplifiers for the deflection plates and 
furnishing a linear sweep circuit, the possi-
bilities of the instrument are greatly extended. 
It then becomes possible, for example, to 
examine audio-frequency waveforms and to 
check and locate the cause of distortion in 
a.f. amplifiers. 
Constructional considerations — 

In building an oscilloscope, care should 
be taken to see that the tube is 
shielded from stray electric and mag-
netic fields which might deflect 1 he 
beam, and means should be provided 
to protect the operator from acci-
dental shock, since the voltages em-
ployed with the larger tubes are quite 
high. In general, t he preferable form of 
construction is to enclose the instru-
ment completely in a metal cabinet. It 
is good practice to provide an interbwk 
switch which automatically discon-
nects the high-voltage supply when 
the cabinet is opened for servicing or 
other reasons. 

In laying out the unit, the cathode-
ray tube must be placed so that the 
alternating magnetic field from the 
power transformer has no effect on the 
electron beam. The transformer should 
be mounted directly behine I the 11:1`,  

of the tube, with the axes of the tra 
former windings and of the tube on a 
common line. 

It is important that provision be in-
cluded either for switching off the elec-
tron beam or reducing the spot in-
tensity, or for swinging the beam to 
one side of the screen with d.c. bias, 
when no signal voltage is being ap-

plied. A thin, bright line or a spot of high in-
tensity will " burn" the screen of the cathode-
ray tube. 

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 dd.) should be 
connected in series across the primary of the 
power transformer, the common connection 
between the two condensers being grounded 
to the case. 
A simple oscilloscope— The circuit of a 

simple cathode-ray oscilloscope is shown in 
Fig. 1924. Either a 1-inch 913 or a 2-inch 902 
tube can be used. The cathode-ray tube may 
be mounted, together with the associated rec-
tifier tube and other components, in a cabinet 
made of a standard 3 X 5 X 10-inch steel 
chassis with bottom plate. 

This circuit is useful primarily for modula-
tion checking in radiotelephone transmitters. 
Horizontal sweep voltage may be obtained 
either from an audio-frequency source, such as 
the modulator stage of the transmitter, or 
from the 60-cycle a.c. line, as selected by S2. 
Using the modulator output for the sweep, the 
pattern appearing on the screen will be in the 
form of a trapezoid, as described in Chapter 
Five. 
R5 controls the amplitude of the applied 

horizontal sweep. R1 is the intensity control 
and R2 the focusing control. If needed, a 
2.5-mis. 125-ma. r.f. choke may be connected 

Fig. 1925 — A simple oscilloscope using a 1-inch tube. The controls 
on the front, from left to right, are "Sync Amplitude," pilot light 
and "Fine Frequency." Note the small neon tube, used for generat-
ing the sweep voltages, to the right of the 6SL7. A hood mounts 
over the 913 and the terminal panel at the rear of the chas is. The 
controls along the side, from back to front, are "Focus," "Vertical 
Centering," "Sync-Sweep" and " Vertical Gain." 
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Fig. 1926 — Wiring diagram of the 1-inch oscilloscope. 
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in series with the lead to the rotor of R5 to cor-
rect leaning of patterns caused by r. f. coupling. 
A complete oscilloscope —  The usefulness 

of t he oscilloscope is enhanced by providing a 
linear sweep circuit or time base, t get lier wit it 
anuilifiers for the horizontal and vertical de-
flection-plate signals so t hat sufficient voltage 
will lw available at the detlt,it ion plates to give 
a pattern of suitable size. An intixpensive oscil-
loseo pe Si) equipped is su,, iv in Figs. 1923 to 
1928, inclusive. It uses the 1-inch Type 913 
tube, but the 2-inch Type 902 readily can be 
substituted in the circuit. 

As shown in Fig. 1926, the high-voltage d.c. 
is furnished by two 6H fis connected as half-
wave voltage doublers. One supplies 300 volts 
positive for the amphfiers and sweep generator, 
and the other furnishes 300 volts negative for 
the cathode ray tube voltage-divider network. 
The current drain is 2 ma. from the positive 
and 0.73 ma, from the negative supply. The 
combination of Rt and (-5 contributes addi-
tional filtering to the posit i ve supply. 
The horizontal sweep generator is a 1/25-

watt neon bulb (General Electric NE-51) used 
in a saw-tooth oscillator circuit. The frequency 
is determined by R24 plus R25 and the shunt 
capacity selected by S3, and is variable be-
tween 12 and 700 cycles. A synchronizing 

C2, C3, C4, C5 —  8-afd. 250-volt 
electrolv tie. 

C6, C7, CR, Co — 0.l-5M. 600-volt 
paper. 

Cut, Co — 23-afd. 25-volt electro-
lytic. 

C12 — 0.001-51d. mica. 
C13 — 100-upftl. mica. 
C14 - 0.05-afil.400-voll. paper. 
C15 —  0.02-pfd. 400-volt paper. 
C16 — 0.006-,A l. mica. 
Ci 7 — 0.002-tad. mica. 
It — 6.3-% .,It pilot lamp. 
— 10.000 1,1”,.. 

R2,1{23 
113, R4 0.1 111,•golint. 

115-0.25-inegoltni variable, "Focus" 
control. 

Re — 50,000 olon ,, variable, "Inten-
sit control. 

117, itV-- incgohm. 
119, Rio, 11211 1.0-megohm varia-

ble. " Horizontal Centering," 
"Vertical Centering". and 
"Vertical Gain" controls. 

11 11, His, Ilia - 2.0 megohms. 
11 14 --- 50,000 ohms. 
Rts -- 1.0 meg•111111. 
it16, 1{17 inegoltm. 
Ris, - 54)11(1 ohms. 
R21 — n1 variable.. "Horizon-

tal Cain - control. 
1122,112.1 — 3,11 mcgoluns. 
R25 — 10.0 tneggblun variable. "Fine 

Frequicoc". control. 
I126 — 0.11-megohni s :triable. "Sync 

control. 

All 1ked re-i-1. or. are 34¡-watt carbon. 
— ,11:1 p witeli M llllll ted 

on 116. 
S2 — 0- pole S-position rotary, 

"S in•-tiNseep." 
S3 — Single-nob. S-position rotary, 

"Coat, Frequency." 
TI, T2 — 6.3-s g 11 t, 1.0-ampere heater 

transformer. 

voltage can be coupled in tliritugll C 12 and its 
amplitude adjusted by R26. The " Sync-Sweep" 
switch, S2, alloWs ti different contlitions of 
sweep and synchronization. as follows: ( 1) ex-
ternal synchronization (2) line synchronization 
(3) internal synchronization (4) line (sine-
wave) sweep and (3) external sweep. 
The positive saw tooth from the generator 

becomes a negative sawtooth after amplifica-
tion through the horizontal amphfier (one sec-
tion of a 681,7), and to make the trace sweep 
front left to right in the conventional fashion 
the cathode-ray tube must be turned so that 
the Nti. 1 pin is at the bottom, with pins No. 3 
and No. 7 horizontal. Used in this manner a 
waveform will appear in the correct polarity 
when passed through the vertical amplifier but 
it will loi inverted when applied directly to the 
vertical plates. 
The unit is built on a 7- by 7- by 2-inch 

chassis. The ten controls and the pilot light are 
mounted along the front and sides, and the two 
heater transformers are mounted on the back. 
The external connections are brought to nine 
tip jacks on a polystyrene panel which is also 
mounted on the back of the chassis. Mounting 
the jacks for connections at the back of the 
chassis keeps the leads clear of the controls. 
The arrangement of the tubes on the chassis 
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jig. 1927— V i••iv showing the arrangement of parts underneath the 
oscilloscope g•hassis. The controls along the left-hand side, (roui top 
to bott ttttt , arc " Intensity," " Ilorizontal Centering," "Coarse Fre-
quency" and "Ilorizontal Gain." 

can be se( n ii the photographs. The le-ids iii 
t he sweep general or, amplifier grid eircuit s and 
all heaters should be shielded to minimi ze 
pick-up. Too much ink-up in t he sweep circuit 
will cause it, t synenronize with the line fre-
quency laid poultice unstable sweeps at other 
frequencies. TM. outputs of t he amplifiers are 
brought out itu flexible leads terminated in pin 
tips which et,.1 be plugge,I into t he proper jacks 
on the terminal panel, thus making it a :simple 
matter to remove them when working directly 
into the 'ISCI pi deflection plates. 

Since one su le of the a. e. line is common to 
1 he d.c. voltages and chassis of the 'scope, it ie 
necessary to have a imtans of determining when 
the chassis is connected to the grounded side 
of the ...ilia. The " Test" terminal provides a 
means for checking this. Wit hiSt turned to the 
"Off" position and S3 set, to " Test," connect 
the '' Test'' terminal to an actual ground or the 
common of the unit. to be tested with the 
'scope. If the neon tube glows, the a.c. plug 
should be reversed. 

Fig. 1928 — A sketch of the hack of the 'scope, showing 
the arrangement of terminals. 

The direct sensitivity of the verti-
cal plates is 125 volts/inch and 175 
volts/inch for the horizontal. Working 
through the amplifiers at, maximum 
gain, the vertical sensitivity is 0.9 

inch and 1.1 volts/inch for the 
horizontal. The a.c. power consump-
tion of the unit is approximately 20 
watts. 

(1. Signal Generators 
Test 0mq/hi/ors— A simple test 

oscillator for receiver checking and 
similar uses is shown in Fig. 1929. It 
uses the electron-coupled oscillator 
circuit wit li provision for suppressor-
grid a. f. » titillation. The output at-
tenualor is a potentiometer so con-
nected as to prevent :I COIIS I ant input 
resist ance to the receiver. 

For suppressor-grid modulation, 
apply appretximately 10 volts of audio 
voltage ( for 50 per cent modulation), 
as shown in the diagram. The suppres-
sor-grid is biased 10 volts negative for 
modulated use; if an umnodulated 
signal is du sired, the upper terminal 
may be grounded as inulicat ed. This 
will inerease the output from the os-
cillator. Conversely, if t uoit put po-

tentiometer does not, attenuate the signal 
sufficiently, additional d.c. negat ive bias may 
be applied between the modulation terminals. 

In aligning a receiver it is important t hat the 
lest signal be prevented front entering circuits 
where it can elitist false indications. This will 
occur if the signal can enter t receiver by any 
other means than through the output leads 
from the test, oscillator. To prevent direct, 
pick-up because of the relatively strong field 
about the oscillator, the test oscillator must be 
thoroughly shielded, and the outwit lead like-
wise should be a shiehled cable with the center 
wire the " hot" hail. Make all ground re-
turns to a heavy copper strap connected to the 
cabinet at the output ground terminal. The 
plug-in coil should be separately shielded. 
The i.f. ranges of the test oscillator can be 

calibrated by beat big against signals of known 
frequency in the band. Fn.queticips be-
tween 465 kc. and 275 Lt. can bu. spot led by 
using the second harmonic of the osu•illat or, 
the remainder of the range to 175 ke. being 
cheutked by using the third harmonir. 
The a.f. modulating source for t test oscil-

lator can be any audio oscillator capable of 
delivering 10 to 20 volts at the standard 
receiver-checking frequency of 400 cycles. 
A useful audio oseillator circuit is shown in 

Fig. 1930. It employs a t wo-terminal or " titan-
sitron" circuit using a pentagrid tube. A fre-
quency of approximately 400 cycles is gen-
erated with the tuned-circuit values shown. 
The frequency may be changed by subst it.uting 
a different value for C1; several values of 
capacitance may be arranged to be selected by 
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Fig. 1929 — Electron-coupled i.f. test oscillator circuit 
diagram. 
Ci — 100-ppfd. variable with 200-ppfd. fixed silver. 

mica zero-drift in parallel. 
C2 — 100-ppfd. midget mica. 
Ca, C4 — 250-ppfd. midget mica. 
Cg — 0.005-pfd. mica. 
Cs — 0.1-pfd. 400-volt paper. 
C7 — 500-ppfd. midget mica. 
RI — 50,000 ohms, 34-matt. 
— 2000 ohms, )4-4% att. 

113 — 20,000 ohms, 1-watt. 
114 — 20,000 ohms, 2-watt. 
Rs — 500-ohm carbon potentiometer. 
L — 440-510 kc.: 140 turns No. 30 enamelled, close-

wound on 1%-inch diameter plug-in form. 
Cathode tap 35 turns from ground end. 

1400-1550 kc.: 42 turns No. 20 d.s.c. tapped 10 
turns from ground. 

4500-5500 kc.: 11 turns No. 18 enamelled, turns 
spaced diameter of wire, tapped 3 turns from 
ground. 

RFC: — 2.5-mh. r.f. choke. 
REC2— 25-mh. r.f. choke. 

a switch so that an assortment of frequencies 
is available. 

Antenna Measurements 

Antenna measurements are made for the 
purpose (a) of securing maximum transfer of 
power to the antenna from the transmitter, 
and (b) of adjusting directional antennas to 
conform with design conditions. Related to 
measurements of the antenna system proper is 
the measurement of transmission-line per-
formance. 
Checking the transmission line for standing 

waves can be done by measuring the current 
in the wires, using a device of the type pictured 
in Fig. 1931. The hooks (which should be sharp 

60.6A8 OR 788 

+250v 

Fig. 1930 — Simple negative-resistance audio oscillator. 
CI — 0.15-pfd. 400-volt paper. 
Cg 0.1-pfd. 400-volt paper. 
Cg 0.25-pfd. 200-volt paper. 
RI, R2 — 50,000 ohms, 1-watt. 
R9 — 50,000-ohm volume control. 
Li — 1.2-henry choke (Thordarson T-14C61 with iron 

core removed). 
T — Output transformer (interstage audio, 1:3 ratio). 

enough to cut through the insulation, if any, 
on the wires) are placed on one of the wires, the 
spacing between them being adjusted to give 
a suitable reading on the meter. At any one 
position along the line the currents in the two 
wires should be identical. Readings taken at 
intervals oî a quarter wavelength will indicate 
whether or not standing waves are present. 

Field-intensity meters — In adjusting an-
tenna systems for maximum radiation and in 
determining radiation patterns, use is made of 

«au table led brae,.s 
if: to., Spacer 

Fig. 1931 — Line-
current measuring 
device for check-
ing standing waves 
on untuned trans-
mission lines. 

Hea.y.71,//p7ns 

&one& 
suppeet »inn' 

»erima-inifilommele, 
et-ea ex o-aro Jails 

field-intensity meters. Fundamentally the field-
intensity meter consists of a small pick-up 
antenna and an indicating device such as a 
rectifier and microammeter or a vacuum-tube 
voltmeter provided with a tuned input circuit. 
It is used to indicate the relative intensity of 
the radiation field under actual radiating con-
ditions. It is particularly useful on the very-
high frequencies and in adjusting directional 
antennas. Field-intensity checks should be 
made at points several wavelengths distant 
from the antenna and at heights corresponding 
with the desired angle of radiation. 
The absorption frequency meters shown in 

Figs. 1910 and 1913 may be used as field 

CrystalDetec to, 

y, 

Fig. 1932 — Simple field-strength meter which may also 
be used as a sensitive indicator when making frequency 
measurements by connecting Lecher wires at X-X. 

strength meters if provided with pick-up an-
tennas. Alternatively, as shown in Fig. 1932, 
a crystal detector in the center of a half-wave 
pick-up antenna, coupled through r.f. chokes 
to a 0-1 ma. meter, will serve as a field-strength 
meter of ample sensitivity. When a signal is 
tuned in rectification occurs, and the rectified 
current is read on the microammeter. With 
this type of indicator, good readings may be 
obtained at distances of four or five wave-
lengths from a low-power transmitter with 
only a few watts input. The crystal detector 
does not have a linear characteristic, and a 
given increase in rectified current does not, 



412 THE RADIO AMATEUR'S HANDBOOK 

Fig.1933 — Sensitive diode-triode field-intensity meter. 

Ci — 50-ppfd. midget 
I F6 variable. 

CR — 250-551d. mid-
get mica. 

C3 — 0.002-pfd.   
get mica. 

111 — 1 megolun, 3/2.-
watt. 

2 - M — 0-500 pa. il.e. 
mieroanuneter. 

L — 1.5-3 Mc.: 58 turns No. 28 d.s.c., close-wound. 
3-6 Me.: 29 turns No. 20 e., close-w I. 
6-12 NI..: 1F, turns No. 20 e., spaced. 
11-22 Mc.: 8 ilirns No. 20 e., spaced. 
20-40 Me.: 4 turns No. 20 e., spaced. 

All wound on 11,inch coil forms, winding length 1 
inches; diode tap in center of coil. 

therefore, Untie:de a directly proportional in-
crease in field strength. 
A more sensitive fiehl-intensit y meter of use 

in examining the field-st n gt patterns of 
lower-frequency antenna systems, employing 
a diode rectifier and amplifier in the sanie 
envelope, is shown in Fig. 1933. The initial 
plate current reading is about 1.4 ma.: wit h 
signal input , t eurrent dips downward. The 

Ant 

CI 

del/. 

scale reading is linear with signal voltage. Ra-
diated power variations will, of course, be as 
the square of the field-voltage indication. 
Power gain in antenna systems usually is 

expressed in terms of decibels. A field-intensity 
meter circuit which reads directly in db. is 
shown in Fig. 1934. It consists of a self-biased 

linear triode voltmeter followed by a varia-
ble-g d.c. amplifier tube. Because of the nearly 
logarithmic grid-voltage/plate-current char-
acteristic of this tube, a 0-1 ma. milliammeter 
in its plate circuit can be calibrated arbi-
trarily with a linear db. scale, as shown. For 
extreme accuracy an individual calibration 
should be made, applying known values of a.c. 
voltage to the 185 grid. The arbitrary scale 
shown will be found sufficiently accurate to 
be useful. however. 
The scale covers approximately 25 db. and 

is linear over a range of about 20 db. At very 
small signals it departs from linearity, and 
therefore 0 db. is placed at 90 per cent of the 
;wale. A variable meter shunt compensates for 
variations in tubes and battery voltages. In 
use, the balaneing resistor is adjusted to give a 
full-scale reading of 1 ma. The signal pick-up 
is then made such as to cause the meter to 
indicate 0 db. Alternatively, the initial reading 
may be set arbitrarily at 10 db.; adjustments 
will then be indicated as losses or gains in 
relation to that, figure. 

Fig. 19.11 — A logarithmic field-intensity meter with db. 
calibration, employing a variable-a (I.e. amplifier tube. 

Ci — 3-30-udd.  • .a trimmer. 
C2 — 50-pafil. midget variable. 
Ca, C4 — 500-µpfd. midget mica. 
Iii — 10 megohms, 2-watt. 
112 — 1000-ohm wire-wo ttttt I. 
Si, S2 — Two s.p.s.t. toggle switches or 

a single d.p.s.t. 
— See the coil data given under Fig. 

1933. 
M — 0-1 ma. d.c. milliammeter. 

The range of the instrument may be ex-
tended to -F 45 db. by inserting a 2-point tap 
switch in the connecting lead to the 1T4 ampli-
fier from the self-biasing resistor RI and tap-
ping that resistor by adding a 1-megohm unit 
to provide a 10-to-1 multiplier. Add 20 db. to 
all readings when the multiplier is used. 



Chapter Dwenty 

Vacuum Tube Characteristics 
and Miscellaneous Data 

(1. Inductance and Capacity 

Indnetanee (L)— The formula for com-
puting the inductance of air-core coils is: 

0.2 a2n2  
L = 3a ± 9b ± 10e 

where a is the mean diameter of the coil in 
inches, b is the lengt h of the winding in inches, 
c is the radial dept it of the winding in inches, 
and n is the number of turns. The quantity c 
may be neglected if the coil is a single-layer 
solenoid. 

For example, assume a coil having 35 turns 
of No. 30 d.s.c. wire on a form 1.5 inches in 
diameter. Consulting the wire table (page 
461), 35 turns of No. 30 d.s.c. will occupy 0.5 
inch. Therefore, a = 1.5, b = 0.5, n = 35, and 

0.2 X ( 1.5)2 X (35)2 
L = (3 X 1.5) + (9 X 0.5) = 61.25 ph. 

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

.\13a 9b  

= 0.2e2 X L 

Straight round wires: 

To calculate the high frequency inductance of 
a straight round wire: 

L = 0.00508 / (2.303 logio 4/ — 1) 

7 

I = length in inches 
d = diameter in inches 
L = inductance in inicrohenrys 

Condenser eapority (C)— The formula for 
determining the capa.•ity of a condenser is: 

KA 
C = 0.224 -- (n — 1) add. 

d 

where A is the area of one side of one plate in 
square inches, n is the total titinil)er of plates, 
d is the separation between plates in inches, 
and K is the dielectric constant ( = 1 for air; 
see the table on page 158 for values for other 
materials). 
The dielectric constant is the ratio of the 

capacity of a condenser with a given dielectric 
to its capacity with air dielectric. 

ABBREVIATIONS 

Alternating current 
Ampere (amperes) 
Amplitude modulation 
Antenna 
Audio frequency 
Centimeter 
Continuous waves 
Cycles per second 
Decibel 
Direct current 
Electromotive force 
F”equency 
Frequency modulation 
Ground 
Henry 
High frequency 
Intermediate frequency 
Interrupted continuous waves 
Kilocycles (per second) 
Kilovolt 
Kilowatt 
Magnetomotive force 

FOR ELECTRICAL AND RADIO TERMS 

a.C. 

a. 
a.m. 
ant. 
a. f. 
cm. 
e. w. 
c.p.s. 
db. 
d.c. 
e.m.f. 
f. 
f.m. 
gnd. 
h. 
h.f. 
i.f. 
i.c.w. 
kc. 
kv. 
kw. 
m.m.f. 

Medium frequency 
Megacycles (per second) 
1,golun 

'deter 
Microfaràd 
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. 
Mit 
m. 
fd. 

ph. 
gmfd. 
mv. 
pv/m. 
pm% 
ma. 
mv. 
mw. 
m.c.w. 
It 
P. 

P• • 
r.f. 
u.h.f. 
v.h.f. 
V. 
w. 

413 
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e RMA Radio Color Codes 
Standard color codes have been adopted by 

the Radio Manufacturers Association for the 
ready identification of values and connections 
for standard components. 

RESISTOR-CONDENSER COLOR CODE 

Significant Decimal Tolerance Voltage 
Color Figure Multiplier () Rating * 

Black 0 1 — — 
Brown 1 10 1* 100 
Red 2 100 2* 200 
Orange 3 1000 3* 300 
Yellow 4 10,000 4* 400 
Green 5 100,000 5* 500 
Blue 6 1,000,000 6* 600 
Violet 7 10.000,000 7* 700 
Gray 8 100,000,000 8* 800 
White 9 1,000,000,000 9* 900 
Gold — 0.1 5 1000 
Silver — 0.01 10 2000 
No color — — 20 500 

*Applies to condensers only. 

Mica Condensers: 

If one row of three colored markers appears 
on the condenser, the voltage rating is 500 
volts and the capacity Is expressed in add. to 
two significant figures, in mieromierofarads as 
follows: First dot on left, first significant fig-
ure. Second dot, second significant figure. 
Third dot, decimal multiplier. 

Example: A condenser has one row of col-
ored markers, as follows: brown, black and 
brown. Its capacity is 100 /Lila 
When two rows of three colored markers ap-

pear on the condenser the top row represents 
the significant figures, reading from left to 
right; the bottom row indicates the decimal 
multiplier, tolerance and voltage rating, read-
ing from right to left. Capacity is in Japfd. 

Example: A condenser has two rows of col-
ored markers, as follows: Top row: left, brown; 
center, black; right, no color. Bottom row: 
right, brown; center, green; left, blue. Its ratings 
are 100 opfd.; ± 5%, 600 volts. 

Tubular Condensers: 

Two groups of colored bands are used on 
tubular condensers. Viewed with the wide 
bands on the right., the wide bands indicate 
significant figures ( from left to right); narrow 
bands indicate the decimal multiplier, toler-
ance and voltage rating, from right to left, 
respectively. 

Resistors: 

Values of resistance and tolerances are indi-
cated by colored dots, bands or stripes on the 
resistor. 
Two types of resistors are commonly used, 

one having radial and the other axial leads. The 
following illustration shows the two types of 
resistors and the system of identification. 

II '. 
D 

1 II ef--7 

ACA BI ABC() 

Radial leads Axial leads 

Body A 
End B 
Band C 

(or dot) 
Band D 

Band A 
Band B 
Band C 

Band D 

Color 

Indicates first significant figure. 
Indicates second significant figure. 
Indicates decimal multiplier. 

Indicates tolerance in per cent. 

1.1. transformers: 

Blue — plate lead. 
Red — " B" + lead. 
Green — grid (or diode) lead. 
Black — grid (or diode) ret urn. 

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-tappe(l). 
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 ('enter-tapped). 
Yellow — grid (start) lead on center-tapped 

secondaries. (Green may be used for this lead 
if polarity is not important.) 
NOTE: These markings apply also to line-to-

grid, and tube-to-line transformers. 

Loudspeaker voice coils: 

Green — finish. 
Black — start. 

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 
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INDUCTANCE, CAPACITY AND FREQUENCY— CHART I, 1.5-40 MC. 
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This chart may be used to find the values of inductance and capacity required to resonate at any given frequency 
ill the medium- or high-frequency ranges; or, conversely, to find the frequency to which any given coil-condenser 
combination still tune. In the example shown by the dashed lines, a condenser has a minimum capacity of 15 pafd. 
and a maximum capacity uf 50 pad. lf it is to be used with a coil of 10-ah. inductance, What frequency range will be 
cos 're,1? The straight-edge is mnneeted between 10 in, the left-hand scale and 15 on the right, giving 13 Me. as the 
hi gli-frequencv limit. Keeping the straight-edge at 10 on the left-hand scale, the other end is swung to 50 on the 
right-hand settle, giving a tu si  limit of 7.1 Mc. The tuning range would, therefore, be front 7A Mc. to 13 
Mc., or 7100 kc. to 13,000 ke. The center scale alsc, serves to convert frequency to wavelength. 
The range of the chart can be extended by multiplying each of the scales by 0.1 or 10. In the example above, if 

the capacities are 150 and 500 , fil. and the inductance 100 all., the range becomes approximately 231 to 422 meters 
or 0.7 to L3 Mc. Alternatively, 1.5 to 5 pad. and 1 ah. will give a range of approximately 71 to 130 Mc. 
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INDUCTIVE AND CAPACITIVE REACTANCE VS. FREQUENCY CHART 
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By use of the chart above, the approximate reactanee of any ca ¡ suit y from 1.0 add. to 10 M. at any frequency 
from 100 cycles to 100 megacycles, or the reactance of any induct ane, front 0.1 ah. to 1.0 henry, can he read di-
rectly. Intermediate :dues can be estimated by interpolation. In making interpolations, remember that the rate of 
change between i- logarithmic. 1 se the frequency or reactance scales as a guide in estimating intermediate 
values on the capai•it or inductance ,'ales. 
This chart also ial, lie n-eil to find the approximate resonance frequeneies of LC combinations, or the frequency to 

which a given eiiil and comlenser combination will tulle. First loeate the respective slanting lines for the capacity and 

inductance. The point w here they intersert, i.e., where the reactances arc equal, is the resonant frequency (projected 
downward and read on the frequency scale). 

CS in it, r- g ae 

Electrical Conductivity of Metals 

M EGACYCLES 

Eclat ire Ti tap. i'”, fli.2 Relative Temp. Coei.2 
Conductivity 1 of Resistance Conductivity 1 of Resistance 

Aluminum (2S; pure)  59 0.0049 Lead  7 0.0041 
Aluminum (alloys,: Matiganin  3.7 0.00002 

Soft-annealed  45-50 Mercury  1.66 0.00089 
Heat-treated  30-45 :Molybdenum  33.2 0.0033 

Brass  28 0.002-0.007 Mond  4 0.0019 
Cathuium  19 Niehrome  1.45 0.00017 
Chromium  55 Nickel  12-16 0.005 
Climax  1.83 Ph..splior Bronze  36 0.004 
Cobalt  16.3 PI:011111111   15 
Constantin  3.24 O. 00002 Silver  106 0.004 

Copper (liard drawn)  89.5 0.001 $teel   3-15 
Copper (annealed)  100 Tin  13 0.0042 
Everdur  6 Turig,Itm   2g. 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 (east)  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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Table of Dielectric Characteristics 

Dielectric 
material 

Dielectric 
constant 

(K) 

Pm, r factor Dielectric 

wrength 
(puncture 
voltage) 2 

Volume 
resislivittl 3 (P) 60 

cycles 
1 . kc 1 Mc. W 100 Mc.  

Air (normal pressure)  1.0 19.8-22.8 
AlSiMag A196   5.7-6.3 2.9 0.21 0.15 240 Iffi4 

Aniline formaldehyde   3-5 1-6 400 

Asphalta  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 X1010 

Cellulose nitrate 6  4-7 2.8-5 300-780 2-30 X 1087 

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 1013 

Fiber  5-7.5 4.5-5 150-180 5 X 1011 

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  8.2-7 1 1 3 500 

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 0.34 335 1014 

Gutta percha  2.5-4.9 200-500 5 X 10 14-10 13 

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 

Myealex  7.4 0.18 250 ma 

Mycalex (British)  6 0.3 350 

Mykroy  6.5-7 0.1-0.2 630 

Nylon  3.6 2.2 

Paper  2.0-2.6 1230 

Paraffin wax (solid)  1.9-2.6 0.1-0.3 300 1015-1019 

Pemque  7.21 0.2 

Phenol: 5 
Pure  5 1 400-475 1.5 X 1017 

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 2.5-4 650-759 101'1-1018 

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- - 0.05 500 1016 

Polystyrene 9  2.4-2.9(2.6) 0.02 0.018 0.02 0.02 0.02 500-2500 102° 

Porcelain (dry process)  6.2-7.5 0.7-15 40-100 5 X 108 

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 0.0 I 0.05 200 1014-1018 

Rubber (hard) 10  2-3.5(3) 0.5-1 450 1012_1014 

Shellac  2.5-4 0.09 900 1018 

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 1014-1013 

Titanium dioxide 12  90-170 0.1 0.1 
Urea formaldehyde 13  5-7 3-5 2-3 2-4 4 300_550 1012_1014 

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 applies 

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. 
Includes Amerith, Nitron, Nixonoid, Pyralin, etc. 

7 Methylmethaerylate resin. 
Phenolaidehyde products include Acrolite, Bakelite, 

Catalin, Celeron, Dielecto, Durez, Durite Formica, Gem-
stone, Iferesite, Indur, Makalot, Marblette, 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, Lust-ron, Quartz Q, Rezoglas, Rhodolene M, Ronilla 

Styraflex, Styron, Trolitul, Victron, etc. 
Kt Also known as Ebonite. 
11 Soapstone - Alberene, Alsimag, Isolantite, Lava, etc. 
12 Rutile. Used in low temperattire-coefficient fixed con-

densers. 
13 Includes Aldur, Beetle, Plaskon, Pollopas, Prystal, etc. 
14 Includes Empire cloth. 



COPPER WIRE TABLE 

Gauge Diam. Circular 

Turns per Linear Inch 2 Turna per Square Inch' Feet per Lb. 

Ohms 

Current 
Carrying 

Nearest 

No. 
B. it S. 

in 
Mils' 

Mil 
Area Enamel S.C.C. 

D.S.C. 
or 

S.C.C. 
D.C.C. S.C.C. 

Enamel 
S.C.C. D.C.C. Bare D.C.C. 

per 
1000 ft. 
2,5e. c. 

Capacity 
at 

1,;00 C.M. 
per 

Amp.3 

Diam. 

in "Ha. 

British 

8.11-.G. 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 

3.947 
4.977 
6.276 
7.914 
9.980 
12.58 
15.87 
20.01 
25.23 
31.82 
40.12 
50.59 
63.80 
80.44 
101.4 
127.9 

289.3 
257.6 
229.4 
204.3 
181.9 
162.0 
144.3 
128.5 
114.4 
101.9 
90.74 
80.81 
71.96 
64.08 
57.07 
50.82 

83690 
66370 
52640 
41740 
33100 
26250 
20820 
16510 
13090 
10380 
8234 
6530 
5178 
4107 
3257 
2583 

__ 
__ 

__ 
__ 

-- 
7.6 
8.6 
9.6 
10.7 
12.0 
13.5 
15.0 
16.8 
18.9 

__ 
__ 

-- 
__ 
__ 
__ 

-- 
-- 
-- 
--
18.9 

-- 
__ 

-- 
__ 

-- 
__ 
__ 

7.4 
8.2 
9.3 
10.3 
11.5 
12.8 
14.2 
15.8 
17.9 

-- 
__ 

-- 

-- 
__ 
__ 

7.1 
7.8 
8.9 
9.8 
10.9 
12.0 
13.8 
14.7 
16.4 

-- 
__ 
-_ 
__ 
__ 
__ 
__ 

-- 
-- 
87.5 
110 
136 
170 
211 
262 - 
321 

-_ 
__ 
__ 
__ 
-_ 
__ 

-- 
-- 
-- 
84.8 
105 
131 
162 
198 
250 
306 

-_ 
__ 
-- 
-_ 
__ 
__ 
__ 
__ 
-_ 

80.0 
97.5 
121 
150 
183 
223 
271 

-__ 

-- 
__ 
__ 
__ 
-_ 
-_ 

19.6 
24.6 
30.9 
38.8 
48.9 
61.5 
77.3 
97.3 
119 

.1264 

.1593 

.2009 

.2533 

.3195 

.4028 

.5080 

.6405 

.8077 
1.018 
1.284 
1.619 
2.042 
2.575 
3.247 
4.094 

55.7 
44.1 
35.0 
27.7 
22.0 
17.5 
13.8 
11.0 
8.7 
6.9 
5.5 
4.4 
3.5 
2.7 
2.2 

7.348 
6.544 
5.827 
5.189 
4.621 

2.305 
2.053 
!!!! 
1.628 
1.450 

1 
3 
4 
5 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 

17 45.26 2048 21.2 21.2 19.9 18.1 397 372 329 161.3 150 5.163 
1.7 

1.3 

1.291 

1.150 

18 

18 
18 40.30 1624 23.6 23.6 22.0 19.8 493 454 399 203.4 188 6.510 1.1 1.024 19 
19 
20 

35.89 
31.96 

1288 
1022 

26.4 
29.4 

26.4 
29.4 

24.4 
27.0 

21.8 
23.8 

592 
775 

553 
725 

479 
625 

256.5 
323.4 

237 
298 

8.210 
10.35 

.86 .9119 20 

21 
22 
23 

28.46 
25.35 
22.57 

810.1 
642.4 
509.5 

33.1 
37.0 
41.3 

32.7 
36.5 
40.6 

29.8 
34.1 
37.6 

26.0 
30.0 
31.6 

940 
1150 
1400 

895 
1070 
1300 

754 
910 
1080 

407.8 
514.2 
648.4 

370 
461 
584 

13.05 
16.46 
20.76 

.68 

.54 

.43 

.8118 

.7230 

.6438 

21 
22 
23 

24 20.10 404.0 46.3 35.3 41.5 35.6 1700 1570 1260 817.7 745 26.17 
.34 
.27 

.8783 

.5106 
24 
25 

25 
26 

17.90 
15.94 

320.4 
254.1 

51.7 
58.0 

50.4 
55.6 

45.6 
50.2 

38.6 
41.8 

2060 
2500 

1910 
2300 

1510 
1750 

1031 
1300 

903 
1118 

33.00 
41.62 

.21 

.17 
.4547 
.4049 

26 
27 

27 
28 
29 

14.20 
12.64 
11.26 

201.5 
159.8 
126.7 

64.9 
72.7 
81.6 

61.5 
68.6 
74.8 

55.0 
60.2 
65.4 

45.0 
48.5 
51.8 

3030 
3670 
4300 

2780 
3350 
3900 

2020 
2310 
2700 

1639 
2067 
2607 

1422 
1759 
2207 

52.48 
66.17 
83.44 

.13 

.11 
.3606 
.3211 

29 
30 

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

10.03 
8.928 
7.950 
7.080 
6.305 
5.615 
5.000 
4.453 
3.965 
3.531 
3.145 

100.5 
79.70 
63.21 
50.13 
39.75 
31.52 
25.00 
19.83 
15.72 
12.47 
9.88 

90.5 
101 
113 
127 
143 
158 
175 
198 
224 
248 
282 

83.3 
92.0 
101 
110 
120 
132 
143 
154 
166 
181 
194 

71.5 
77.5 
83.6 
90.3 
97.0 
104 
111 
118 
126 
133 
140 

55.5 
59.2 
62.6 
66.3 
70.0 
73.5 
77.0 
80.3 
83.6 
86.6 
89.7 

5040 
5920 
7060 
8120 
9600 
10900 
12200 
-- 
--
__ 
__ 

4660 
5280 
6250 
7360 
8310 
8700 
10700 
-- 
__ 

__ 
__ 

3020 
__ 
-- 
__ 

-- 
-- 
-- 
-- 
-- 

-- 
-- 

3287 
4145 
5227 
6591 
8310 
10480 
13210 
16660 
21010 
26500 
33410 

2534 
2768 
3137 
4697 
6168 
6737 
7877 
9309 
10666 
11907 
14222 

105.2 
132.7 
167.3 
211.0 
266.0 
335.0 
423.0 
533.4 
672.6 
848.1 
1069 

.084 

.067 

.053 

.042 

.033 

.026 

.021 

.017 

.013 

.010 

.008 

.006 

.2859 

.2546 

.2268 

.2019 

.1798 

.1601 

.1426 

.1270 

.1131 

.1007 

.0897 

.0799 

31 
33 
34 
36 
37 
38 
38-39 
39-40 
41 
42 
43  
44 

1 A mil is 1/1000 (one thousandth) of an inch. 
2 The figures given are approximate only, since the thickness of the insulation varies with different manufacturers. 
3 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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RECEIVING TUBE 

CLASSIFICATION CHART 

Cathode Volts 1.4 2 .0 
2.5 to 
5.0 6.3 12 6 to 

117 

DIODE DETECTORS 

Detectors 

Rectillers 

di RECTIFIERS 
1A3 Owinignle 

(6H6, 6H6.GT,G). 7A6 12H6 
-holl.wove 1-v 12Z3, 35Z3, 

35Z4.GT 
35Z5-G1 é, 

45Z3. 
4515.01 

hell-wave, with beorn power omplifier 321-7.01, 
70L7.GT, 

1171. M7- T, 
117N7.GT, 
117P7.GT 

holl•woue, 

( lull.wovew 

with power pentode 12A7 
25A7.GT G 

'vacuum (514, 
5U4-G, 
5X4-0, 
5Z3), 
(5W4, 

5W4.GT G, 
5Y3.01, G, 

5Z4, 
5Y4.G, 80), 
(5V4.G, 
83-v) 

(6X5, 6X5.GT G, 84), 
6Y5, 6Z5, 6ZY5-G, 7Y4 

. 

mercury 82, 83 

h9. 61 Cold-Cothode Types: Carl, 014.G. 
Rectifier•Doublers (25Z6 

2516-GY G, 
2515, 
251'5), 

50Y6.GT G, 
50Z7.G, 

117Z6-GT G 

DIODE DETECTORS 

eicid"*. -{ 

Two J 
Diodes 

with AMPLIFIERS 
with high-rnu triode (1H5.0, 

1H5.GT), 
11114 

w ith high..., triodo, r.! pentode 3A8.GT• 
with tneJ.u.n.n,,, triode pones pentode 1DP.GT 
with pentode 155 
with power pentode 1N6:e-

with medium mu-triOde (185, 
11-16-G) 

55 (5SR7, 6R7, 6R7-G, 6R7-GI 
6577, 6V7-G, 85), 6C7, 7E 

125R7 

with high-rn0 triode 2A6 (6507, 6507-GT G, 607, 
607-0, 60741.686-G, 
617-G, 75), 786, 7(6 

(12507, 
12507.01 G, 
1207-01) 

with pentode (1F7-G' 
1F6) 

2137 (6138, 688.G, 687, O87-5), 
65E7, 7E7 

12(8, 125F7 

CONVERTERS IC MIXERS 
Peritogrid Converters (1A7-G, 

IA7-01),1(15, 
1 (37-GT, 1 LA6 

(1C7-G, 
106), 

(11:77-G. 
1 A6) 

2A7 (65A7 6SATGT 'G 6A8, 
6A8-0, 6A8-GT, 6158-G, 
6A7, 6A75), 788, 707 

(125A7, 
125A7.GT G, 
12A8-OT) 

Triode-Hexode Converters (6K8, 61(13-0, 6K13-GT), 121(8 

Triode-HePtode Cedy.fleff 6J8-G, 7J7 
Octode Conveners 7A8 
Pentogrid Miners (61.7, 6L7-G) 

Courtesy of R.C.A. 

VOLTAGE 
OSCILLATORS 

Triodes 

Te" " {sharp 

pen, ode 

AMPLIFIERS, 

medium-m 

/sngle 

hie-- 

DETECTORS, 

single un8 104-07/0 (1H4-G, 
30) 

97, 
56, 
485 

(6C5, 6(5-01 G), (6J5, 
6)5-GT.G,7A 4) (6P5.GTÍG 
76), 61-5-0, 6AE5-GT 0,37 

12J541 

twin unit 3A5. 6C8-G, 618-G 
616, 651,41.GT 

124H7-GT 
125N7-GT 

twin plote 6AE6-G 
hum input 6AE7.G( 
with power pentode 6A07.G 
with diode, power pentode 1D8-0T 
i unit 6515, 6515-07, 615, 

6F5-G, 6F5-GT), 61(5-G, 
784 

(125F5, 
12515.07, 
12F5-G7) 10,0 unit (65C7, 7F7), 65L7-GT 115(7 
1251.7-GT 

with diode, wl pentode 3A8.GT• 
remote cut-off 105-GT 35 

cut•od 32 24•A 36 
tornote out•off 114, 1P5-GT (i D(" 

lArt.P), 
34 

58 6557,(65K7,65K7-G7iG,6K7, 
610-G, 6K7-01, 78), (657, 
657-G). (6U7-G, 6D6, 6(7), 

6W7-G, 3944, 7A7, 
6AB7, 6AC7, 7H7, 787 

(1251(7, 
195K7-GT, 
12K7-GT), 
14A7, 
72E17 

tomote cut-off, with itiode 6F7, 6P7-G 12(18-01, 
2588-GT 

semi-remote cut-off . 6507 12501 
shorts nut-off (1 N5-G, 

1N5.GT), 
1 L4, 
1LN5 

(1E5-GP, 
1134.P), 

15 

57 6AGS, 651-17, (65)7, 
65,17-GT,6J7,6J7-G,6J7-GT, 

6D7), 77. 6C6, 7(7, 
707,1232 

125H7, 
(125)7_, 

125,17-07, 
12J7-GT) 

sharp cut-off, with diode, high-mu triode 3A8-GT• 

POWER AMPLIFIERS 

Triodes 

{ 

Beam 
T ubes 

Pentodo, 

single 

low-mu 
{twin 

hi h ...if Jongle 
g ' \ twin 

unit 31 2A3, 
45 

183 483 

6A3, 6134-G ' 

unit 6E6 
ont 49 46 6AC5.GT/G, 6C4 25AC5.GTIG 

unit 1G6•GT G (1)6.0, 
19) 

53 (6N7. 6N 7-GT, G.,. 6A6), 
(6Y7-G, 79), 6Z7-G 

without rectifier (105.GT.G, 
305-01 .01, 

1TS-G( 

(61.6, 6L6-G), (6V6, 
6V6-GT G). 6Y64, 

7As, 7(5 

(251.6, 
251_6.W 'G). 

25(6-0, 
35A5, 

35L6-GT/G, 
50L6-GT 

with rectifiet 32L7-GT, 
70L7-GT,_ 

117L. M7.07 
117N7-GT, 
117P7-GT 

single unit 1A5-GI ,G, 
(154, 354.), 
1(5-GT G. 
1LA4, 1L(34. 
(3A4*, 304.). 

(115.0, 
114), 

(105-0, 
115-G), 

33 

2A5, 
47, 
59 

(ea, 616-G, 42), 
(61(6-GT G, 41), 606-G, 

38, 6A4, 89, 785 

12A5, 
(25A6, 

25A6.GT,'G, 
43), 

2586-0 
twin unit 1E7.G* 
with diode d triode 108-GT 
with mediunwrnu triode 6ADTG 
with to<ohou 12A'7, 

25A7-GT/G 
video 6AG7 

Direct-Co pled Amplifiers 685, 6N6-G (2585, 
25N6-G) 

ELECTRON 
, /*with 

sing.* lwith 

-RAY TUBES 
remote cut.off triode 6A135 /6N5, 6U5/605 
shoip cut-off triode 2E5 6E5 

Twin, without triode 6A66.G, 6AF6-G 

GAS-TRIODES 2A4-G 

* Two 1F5-G's in one bulb. • Moment arranged Ion either 1.4 volt or 2.8-volt optitetion. 
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3G 

Nc 
NC NC 

NC 

u. 

4A1.1 

NC NC 

NC 

G 
NC 

488 

BP 

4J 

48 

4AF 

VACUUM-TUBE BASE DIAGRAMS 
The diagrams on the following i.ages show standard socket connections corresponding to the base designations 

given in the col  headed "Socket Connections" in the classified tube data tables. Footnotes under each table 
indicate in which group a given base diagram is to be found. Bottom views are shown throughout. Terminal 
designations are as follows: 

A = Anode G = Grid K = Cathode Pia` = Beam-Form- TA = Target 
BP = Bay tt l'in II = Heater NC = No C llllll ec- ing Plates = Gas-Type 
D = Deflecting IC -= Internal Con- lion RC = Ray-Control Tube 

Plate tui tion P = Plate (Anode) Ele;•trode U = Unit 
F = Filament IS = Internal Shield Pi = Starter-Anode S = Shell Sil = Internal Shield 

Alphabetical subscripts D. P. T and II X indicate, respectively, diode unit, pentode unit, triode unit or hcxode 
unit in multi-unit types. Stticeript Al, 'I' or Cl' indicates filament or heater tap. 
Wherever the No. 1 pin of a metal-type tube in Table I is shown connected to the shell, the No. 1 pin in the glass 

(G or CT) equivalent is connected to an internal shield. 

RECEIVING TUBE DIAGRAMS 
lots  views arc shown. Terminal designations on sockets are shown above. 

NC P NC NC NC S IC N 

NC 

46 

JUMPER 

45 

14 If 

5A 

0 NC 

NC G 

NG 

p.• I 8F. 

SAG 

4AA 4AB 4AC 
OUTPUT 
TERMINALS 

4AJ 4AM 4AP 

BP 

4C 

G, 

4 K 

45A 4V 

5A8 

5AK 

58C 

4 M 

e 

4 

G, 

NC 

4X 

4 E 

4 P 

4 F 

NC P ',NC NC 

NC NC 

P NC N 
F. 

H N Ft NC ti 63 

SAD SAF 

4AD 

G P 
II 2M 

G P 

4AQ 

4Y 4Z 

SAC 

SAL 

• NC NC 

él 

SAP 

580 58E 513F 
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Sc SD SE 

6AR 

6F 

RECEIVING DIAGRAMS 

Bottom views are shown. Terminal ilesignations On sockets are given on page 420. 

6 B 68A 

60T 6C 

K P, 

66 

P, 
G3 

FA 

6813 

6CA 6CB 6D 

6H 

6 R 

6V 

SF 5.1 

68G 

6J 

6AM 

68H 

6K 

65 

7A 

C't 

63 

5K 

SI-

GAB 

6AP 
TWO WAY 

MAGNETIC DEFLECTION 

Gi 

6AZ 

pi 

6BJ 

6 E 

3 

F-

6L 

NC G 

NC 

is 

6T 

PD  

FA 2 7 p 

MCI 8NC 

7AA 
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RECEIVING TUBE DIAGRAMS 

Bottom views are shown. Terminal designations on soekets are given on page 42.0. 

g. H 

7AZ 78 7BA 788 

7AK 

7AW 

78C 

7BN 

7 D 

71 

7AC 

7AL 

G, 
7AR 7AS 

7AD 

7AM 

7AX 

780 

7E 

7L 

7TM 

8A 

H 

H 

H 

7BE 

7BQ 

7F 

7PM 

8AA 

7AN 

7AT 

1BF 

78R 

70 

7V 

BAG 

7AH 

7A0 

7AU 

7BH 

78T 

7W 

BAC 

G, 

7AJ 

7AV 

7,1 

7S 

P, 

it, 

2-

PP 

H 

F, 

7X 

2 A CI 

II 

03 

BAD 
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8 E 

8AE 

8A0 

8AX 

RECEIVING TUBE DIAGRAMS 

Bottom %• iews arc shown. Tert ll i ll al tlesignat.  on sockets are given on page 120. 
G5 

Ga6 5 GT G 4 5 TA GT 4 5 G. G, KT 
G. Gr G 

PT 63 
PT 6 

64 

Gr 

8AY 

86E 
ONE WAY 

...EMETIC DEFLECTION 

8BR 

GT 

8AR 

BAG 

8A$ 

88 

8BK 8BF 88J 

Kre, G.h 

61 63 

• 6,1, 

8BS 8BU 

Gap 6.p KT, 

fp PP P4 

KT, 

8F 86 

8 N 80 8P 

8U 

II A 

148 

8V 

II B 

8AU 

88A 

81I 

8Q 

8W 

62 

NC 

SAL 8AN 

880 

.7 

P0 G, 

861. 88N 

Goy, KT, 4 5 6,1 4 61 1, 

• PIT PT, PTT PT, 

ç, 

612 I GT, NC IGT 

8BW 

tr. 2 Gs 

PT P p12 3 PT. 

BC 

8L 

GT, 

65 63 I 0 H 

SR 8S 

6 
6, 3 

GT 64 s, 3 LN ,O GZ 

8X 

II F 

SUPPLENIENTARY BASE DIAGRAMS 
ONE WAY MAGNETIC 

DEFLECTION 
G 6, 

FIG.2 FIG.3 FIG.4 

1.1 

BY 

I4A 

FIG.5 



T-48E 

FIG.12 

ToFiore A 

KS 

GETTER 

FIG. 18 

FIG.24 

SUPPLEMENTARY BASE DIAGRAMS 

Bottom views arc shown. Terminal designations on sockets are given on page 420. 

ate, A, KT 
PP,  Az GT2 5 601 P., 

G 03 Pra T. G. 3 6 of, 

FIG.7 

TwO WAY MAGNETIC 
DEFLECTION 

A, 

KS 

ENN 

G 

FIG.13 

NC 

62NO NC NC 
RING 

N Hit 

NC NC NC NC 

FI G. 25 

F1G.30 

F G F 

T-1A 

FI G 31 

FIG. I4 

FI G. 20 

FI G.26 

FI G 33 FIG 34 FIG 32 

FIG.9 

FIG 21 

FI G. 27 

FIG. 10 

FI G. 16 

PATTERN 
ELECROPE CAP 

ELECTOR 

N AT 

COLLECTOR 
H 

FIG. 22 

FIG. 28 

o 

H Nd NC 

FIG. II 

TR.\ NSNIITTING TUBE DIAEBANIS 

Bolltun views are shown. ' I'erntinal , lesignations on sockets are given on page 1.20. 
G SLOT 

G 

NC 

T-3A8 7-3AC 

G 

T-IAA 

SLOT 

NC 

NC NC 

NR 

T-4AF T-4AG 

T- IAB 

SLOT 

T-48 

1-48F T-46G 

T-3 El T-38C T- 4A 

5 

T-4C8 T- 4CE T- 4C 

T-2A 

7-3A 

T-48C 

FI G. I I 

FIG. 23 

FIG 29 

FIG 35 

T-2AA 

T-3AA 

7-40 

T-480 
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Ga 

T-MG 

TRANSMITFING TUBE DIAGRAMS 
Bottom views are shown. Terminal designations on sockets are given nn page 420. 

G. G Go P 3G, G. 

Gz 

T-7C8 

G2 P 

Nc 

T-8DB 

G, p 

NC 

P5F NC 

T9E 

INDEX BOSS 

T-9A 

SN 

T-5D8 

T-8FA 

T-7DC 

19g T9G T9H 

TUBE RATINGS 

The data in t lie classified tube tables are of 
two kinds, maximum ratings, and typical 
operating conditions. 
Vacuum tubes are designed to be operated 

wit hin definite maximum (and minimum) 
ratings. These ratings are the maximum safe 
operating voltages and eurrents for the elec-
trodes, based on inherent, limit lug factors such 
as permissible eat bode temperature, emission, 
and power dissipation in electrodes. In addi-
tion to the maximum ratings for each type, 
performance data are given in the form of 
typical operating comfit ions. 

In the transtnitting-1 ube 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 limita,tions, rat ings 
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 elect rodes. 
The maximum ratings given for each trans-

mitting type apply only when the tube is 
operated at frequencies lower than some speci-
fied value which depends on the design of the 
type. As the frequency is raised above the 
specified value, the radio-frequency current, 

T-9C 

T- 6C 

T-8AD 

G 

T-90 

G, 

G3 

NC 

191 

GB 
F2, 

rct 

dielertric losses, and heating effects increase 
rapidly. Most types can be operated above 
their specified maximum frequency provided 
the plate voltage and plate input are reduced 
in accordance with the information given by 
the footnotes on maximum operating fre-
quencies for full ratings. 

For certain air-cooled transmitting tubes, 
there are two sets of maximum values, one 
designated as CCS ( Continuous Commercial 
Service) ratings, the other LOAS ( 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 ah hough such use in-
volves some sacrifice in tube life, the period 
over which tubes will continue to give satis-
factory performance in in service 
can be extremely long. Typical operating con-
ditions given in the tables are ICAS ratings 
when applicable. 



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 
Connee- 
lions , 

Cathode 
Fil. or Heater 

Use Supply 'Ye" Volts Bias 
Screen 
Volts 

Scree' Current 
Ma. 

3.2 

Plat. Current 
Ma. 

Plate Resist. 
ands' Ohms 

Transcon- 
ductanee 
Mieromhos 

_..,. 
P'"."' 
"C'eg 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Tr» 
Volts Amps. 

6A8 Pentagrid Converter 8A Htr 6.3 0.3 Ose.-Mixer 250 - 3.0 100 3.3 Anode-grid (No. 2) 250 volts max. thru 20,000 -ohms 6A8 
6AB7 
1853 Television Amp. Pentode ON Htr. 6.3 0.45 Class-A Amplifier 300 - 3.0 200 ' 

150' 

3.2 

2.5 

12.5 

10 

700000 5000 3500 --- --._ 6AB7 
1853 

6AC7 
1852 Television Amp. Pentode ON Htr. 6.3 0.45 Class-A Amplifier 300 

300 

- 2.0 7 

- 3.0 

750000 

130000 

9000 6750 - - 6AC7 
1852 

6AG7 Video Beam Power Amp. 8Y Htr. 6.3 0.65 Class•Ai Amplifier' 150 7,9 30,30.5 11000 - 10000 3.0 6AG7 
688 Duplex-Diode Pentode BE Htr. 6.3 0.3 Class-A Amplifier 250 - 3.0  

- 8.0 
125  
- 

2.3  
- 

9.0 650000 1125 730 -  
- 

-  
--- 

688 

6C5 6C5 is 

6F5 

Triode Detector, Amplifier 60 Htr. 6.3 0.3 
Class-A Amplifier 250 8.0 10000 2000 20 
Bias Detector 250 -17.0 - - Plate curtain adjusted to 0.2 ma. with no signal 

High-p Triode 5M Ht,. 6.3 0.3 Class-A Amplifier 250 - 1.3 - - 0.2 66000 1500 100 - - 6F5 

6F45 

6H6 7' 
6.15 

Pentode Power Amplifier 7$ His. 6.3 

6.3 

0.7 

Class-A Pentode 250 
315 

-16.5 
-22.0 

250 
315 

6.5 
8.0 

34 
42 

80000 
75000 

2500 
2650  
2700 

200 
200 

7000 
7000 

3.0 
5.0 

6F6 

6H6 
6.15  
on 

Class-A Triode 3 250 -20.0 - - 31 2600 7.0 4000 0.85 
Push-Pull Class-AB Pentode 

Triode Connection ' 
375 
350 

-26.0 
-38.0 

250 
- 

2.5 
- 

17 
22.5 

Power output for 2 tubes at 
stated oad, plate-to-plate 

10000 
6000 

19.0 
18.0 

Twin Diode 70 Htr. 0.3 Rectifier Max. a.c. voltage per plate = 100 r.m.s. Max output current 4.0 ma. d e. 
Detector Amplifier Triode 60 Htr. 6.3 0.3 Class-A Amplifier 250 

250 
- 8.0 - - 9 7700 2600 20 -  

-  
0.5 Meg. 

- 
- 
.-

6.17 7" Triple-Grid Detector, Amplifier 7R Htr. 6.3 0.3 
R.F. Amplifier - 3.0  

- 4.3 
100 0.5 2.0 1.5 meg. 1225 1500 

Bias Detedor 250 100 Cathode current 0.43 ma. - - 

6K7 Triple-Grid Variable-it 
Amplie., 7R 

BK 

Ht,. 

Htr. 

6.3 

6.3  

6.3 

0.3 

0.3 

R.F. Amplifier 250 - 3.0 125  

100 

2.6  

- 

10.5 

- 

600000 1650 990 - - 6K7 

6K8 

6L6 

Mixer 250 -10.0 - Oscillator peak volts=7.0 
6K8 

6L6 

Triode Hexode Converter Osc.-Mixer 250 - 3.0  
- 7 
-' 

100 6 2.5 Triode Plate (No. 2) 100 vo ts, 3.8 ma. 

Beam Power Amplifier 7AC Hit 0.9 

Single-Tube AO Cathode 
Bias 

250 
300 

250 
200 

5.4-7.2 
3.0-4.6  

115/1:8 

75-78 
51-54.5  

752-79 

- 
- 

mg 
--- 
- 

- 
- 

2500 
4500 

6.5 
6.5 

Single-Tube AO Fixed ems ng :113 gg 6000 
5200 

- 
- 

2500 
4200 

6.5 
10.8  
18.5 Push-Pull AO Cathode Bias 270 - 7. 270 11-17 134-145 - - - 5000 

Push-Pull AO Fixed Bias 250 
270 

-16.0 
-17.5 

250 
270  
270 

10-16 
11-17  
5-17 

120-140 
134-155 
88-100 

24500 
23500 

5500 
5700 

- 
- 

5000 
5000 

14.5 
17.5 

Push-Pull AB!' Cathode Bias 360 - 77, 

Power output for 2 tub«. 
Load plate-to-plate 

9000 24.5 
Push-Pull AM" Fixed Bias 360 -22.5 270 5-15 88-132 6600 77 26.5 

31.0-
47.0 

Push-Pull ABe Fixed Bias 360 
360 

-18.0 
-22.5 

225 
270 

3.5-11 
5-16 

78-142 
88-205 

6000 
3800 

6L7 Pentagrid Mixer Amplifier 77 Htr. 6.3 0.3 
R.F. Amplifier 250 - 3.0 

- 6.0 
100 5.5 5.3 800000 1100 i - --- - 

6L7 Mixer 250  
300 

150 8.3 3.3 Over 1 meg. Oscillator-grid (No. 3) voltage-- -15.0 
6N7 Twin Triode 89 Htr. 6.3 0.8 Class-B Amplifier 0 - - 35-70 -- 

58000 
8500 

- - 8000 10.0 6N7 
607 Duplex-Diode Triode 7V Htr. 6.3 0.3 

0.3 
Triode Amplifier 250 - 3.0 - - 

- 
1.1 
93 

1200  
1900 

70 - - 607 
6R7 Duplex-Diode Triode 7V Htr. 6.3 Triode Amplifier 250 - 9.0 

- 3.0 
- 
100 
100 

16 10000 0.28  
- 

6R7 
6S7 6S7 ,. Triple-Grid Variable.» 7R Htr. 6.3 0.15 Class-A Amplifier 250 2.0 

8.0 
8.5 1000000 1750 1750 - 

6SA7 Pentauld Convener OR" Htr. 6.3 0.3 Osc.-Mixer 250 07" 3.4 800000 Grid No. I Resistor 20000 ohms 6SA7 
6SC7 Twin Triode Amplifier BS Htr. 6.3 0.3 Class-A Amplifier 250 

250 
- 2.0 
- 2.0 

- 
- 
100 

- 2.0 53000 1325 70 
100 
- 

- - 6SC7 
6SF5 High.» Triode 6AB Htr. 6.3 0.3 Chu-A Amplifier - 

3.3 
0.9   

12.4 
66000 

700000 
1500 
2050 

- 
- 
- 

- 
--- 
- 

6SF5 
6SF7 
6SG7 

6SF7 Diode Variable-g Pentode 7AZ Htr. 6.3 0.3 Class-A Amplifier 
H. F. Amplifier 
H. F. Amplifier 

250 - 1.0 
6SG7 Triple-Grid Semi-Variable-g 8BK Htr. 6.3 0.3 250 

250 
- 2.5  150  
- 1.0 150 

 3.4  
4.1 
3.4 
4.1 

9.2 
10.8 

Over 1 meg. 
900000 

4000  
4900 

- 
6SH7 Triple-Grid Amplifier 8BK Htr. 6.3 0.3 - - -- 6SH7 



TABLE I- METAL RECEIVING TUBES- Continued 

TYPO Name 

6S.17!' Triple-Grid Amplifier 
651(7 Triple-Grid Variable-u 

6S07 Duplex-Diode Triode 
6SR7 Duplex-Diode Triode 
6557 Triple-Grid Variable-µ 
6577 Duplex-Diode Triode 
617 Duplex-Diode Triode 

Socket 
Connec- Cathode 
tiens 1 

6V6 Beam Power Amplifier 

1611 Pentode Power Amplifier 
1612  Pentegrid Amplifier 
1620  Triple-Grid Det.-Amp. 

8N 
8N 
80 
80  
8N 
80 
7V 

7AC 

Fil. or Heater 

Volts Amps. 
Use 

Plate 
Supply 
Volts 

Grid 
Bias 

Screen Screen 1 Plate 
Volts Current E Current 

Ma. Me. 

Plate Resist-
ance, Ohms 

Tronscon-
ductance 
Micromhos 

Amp. 
Factor 

Load Power 
Resistance Output 
Ohms Watts 

Htr.  6.3  0.3  Class-A Amplifier  
Htr.  6.3  0.3  Class-A Amplifier 
Htr.  6.3 0.3 Class-A Amplifier  
Htr.  6.3 - 0.3  Class-A Amplifier   
Htr. 6.3 0.15 Class-A Amplifier  
Htr.  6.3  0.15  Class-A Amplifier  
Htr.  6.3 0.15  Class-A Amplifier  

Class-A Amplifier 

Htr. 

1621 {Power Amplifier Pentode 

1622  Beam Power Amplifier 7AC 
1851 Television Amp. Pentode 7R 

IS 
IT 
7R 

75 

6.3 

Htr. 6.3 
Htr. 6.3 
Htr.  6.3  

Htr. 

Htr. 
Htr. 

6.3 

6.3 
6.3 0.45 Class-A Amplifier 

0.45 

0.7 
0.3 
0.3 

0.7 

Class-AB Amplifier 2 Tubes 

Relay Tube 
Class-A Amplifier 
Class-A Amplifier 
Class-A, Pentode P. P. 
Class-A Triode s P. P. 

250 - 3.0 
250  - 3.0 
250 - 2.0 
250  - 9.0 
250 
250 
250 
250 
250 
285 I -19.0 I 285 

- 3.0 
- 9.0 
- 3.0 
-12.5 
-15.0 

100 
100 

100 

0.8 
2.4 

2.0 

3  1 500000  
9.2 800000  
0.8  91000 
9.5 8500 
9.0  1000000  
9.5 8500 
1.2 62000 

250 
250 

250 I - 3.0 I 100 

4.5,7.0 
5 .13 
4 13.5 

45-47 52000  
70-79  60000 
70-92 65000  
Characteristics same as 6F6 

1650  
2000 
1100  
1900  
1850  
1900  
1050 
4100  
3750  
3600 

6.5 I 5.3 E 600000 1100 

2500 
1600 - 
100 - 
16   

16 
65 

218 5000 L 4.5 

Tv's* 

6S.17 
6SK7 
6S07 
6SR7 
6SS7 
6517 
677 

- 10000 10.0 
8000 14.0 

880 I - - 

6V6 

1611 
1612 
1620 

0.9 Class-A Amplifier 

1See Receiving Tube Diagrams. 
From fixed screen supply. If series resistor from plate supply s 

used, value For 6AB7/1853 is 30,000 ohms, for 6AC7/1852 
and 1851 60,000 ohms. Series resistor gives variable-u char-
acteristic, fixed screen supply gives sharp cut-off. 

I Swoon tied to plate. 

300  h - 30.0  300 
327.51  - 27.5 la  
300  - 20.0  E  250  
300 h - 2.0 8h 150 1 

Characteristics same as 6.17 
6.5;13  I 38.69  -   
-- 1 55!59 - 
4 1 0.5 E 86 125 - 
2.5 h 10 750000 

4000 
5000 
4000 

9000 6750 - 

1621 

-1622 
1851 

1Cathode bias resistor should be adjusted For plate current of 
10 ma.; minimum value 160 ohms. 

Typical operation for 4-Mc.-bandwidth video voltage ampli-
fier; 70 volts output with 4 volts input. 

Subscript 1 indicates no grid-current flow. 
Subscript 2 indicates grid-current flow over part of input cycle. 
7 Cathode resistor 170 ohms. ' Cathode resistor 220 ohms. 

TABLE 11- 6.3-VOLT GLASS TUBES WITH OCTAL BASES 

'Cathode resistor 125 ohms. 15 Cathode resistor 250 ohms. 
II Output 18 watts with 3800-ohm load. 
18 For 6SA7GT, use Base Diagram 8AD. 
'5 Grid bias -2 volts if separate oscillator excitation is used. 
Cathode resistor 500 ohms. 

IL Types G or GT have internal shield connected to number one 
siin. I Also type "6.517Y". 

For "G" and "GT" -Type Tubes Not Listed Here, Seri Equivalent Type in Table I; Characteristics and Connections Will Be Identical) 

Type Name 
Socket 
Connec- 
lions , 

Cathode, 
Fil. or Heater 

Use 
Plate , 

S.u.Ple1y volts 

300 

Grid 
Bias 

Screen 
Volts 

Screen ! Mete 
Current Current 
Me. Me. 

Plate Resist-
once' Ohms' 

6600 1 

Transcon- 
ductance 

Mictomhos 

3000 

Amp. 
e....... 
r""'" 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type 

Volts h Amps. 

2C22  Triode Amplifier  4AM Hit.  

Htr. 

6.3 E 

6.3 

0.3  

1.0 

0.5 

 Push- Pull Class AB 

Class-A Amplifier -10.5 - -  11 
- 60 

20 - - 2C22 

6A5G Triode Power Amplifier 67 

Class-A Amplifier 250 -45.0 - 800 
5250 

4.2 2500 3.75 
6ASG Push-Pull Class AB  

 Push- Pull Class AB 
325 -68.0 - - 80 1 - - 3000 15.0 

325 850-ohm 
0 
0 

cathode 
Input 

resistor 80 1 -  

40000 

- 5000  10.0  

6AB6G Direct-Coupled Amplifier 7AU Htr. 6.3 Class-A Amplifier 
250 5.0 

1800 72 8000 
3.5 

6AB6G 
250 
250 

Output 34 

6AC5G 

6AC6G 

6AD5G 

High-tt Power Amplifier 
Triode 60 Htr. 6.3 

6.3 

0.4 
Push-Pull Class-B 0 - -- 5.0 1 36700 3400 125 

10000 8.0 
6AC5G 

Dynamic-Coupled Amp. 250 - -  i - 32 7000  3.7   

Direct-Coupled Amplifier 7AU Htr. 1.1 Class-A Amplifier 

Class-A Amplifier 

  180  
250 

180 0 Input 7.0 3000 54 4000 3.8 6AC6G 
180  
250 

0   Output 
- 

45 

High-u Triode 60 Htr. 6.3 0.3 - 2.0 - 0.9 - 1500 100 - - 6AD5G 
6AD6G 

6AD6G Electron-Ray Tube . 7AG He. 6.3 

6.3 

0.15 Indicator Tube 100 0 for 90°1 - 23 for 1350; 45 for 0°. Target current 1.5 ma. 

6AD7G Triode-Pentode BAY Htr. 0.85 
Triode Amplifier 250 -25.0 - -  

6.5 
4.0  
34 

19000 1 
80000 

325 6.0 - - 
6AD7G 

6AE5G 

6AE6G 

Pentode Amplifier 250 -16.5 250 2500  - 7000  3.2   

6AE5G Triode Amplifier 60 Htr. 6.3 0.3 Class-A Amplifier 95  
250 

-15.0  
- 1.5 

- - 7.0 3500 1200 4.2  
25 

-  -  

- 
6AE6G Twin-Plate Triode 7AH Ht. 6.3 0.15 lndicatorConlrol - 

6.5 1 25000 1000 

250 - 1.5 4.5' 35000 950 33 



TABLE II - 6.3-VOLT GLASS TUBES WITH OCTAL BASES - Continued 

Type 
l Socket 

Name C0110111C. 

lions , 
Cathode 

Fil. or Heater 
Use 

Plate i 
Sr" Volts 

Grid 
Diet 

Screen 
Volts 

Screen Current 
Ma. 

Plate Current 
Ma. 

Plato Resist- 
Inc. ,-...__ 
e"'""' """" 

Trenscon- 
ductence 
Micromhos 

Ara 
Face; 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type Volts Amps. 

6AE7GT Twin-Input Triode , 7AX Htr. 6.3 0.5 Driver Amplifier 250 -13.5 - - 5.0 9300 1500 14 - - 6AE7GT 
6AF5G 
6AF7G 

Triode Amplifier 60 Htr. 6.3 0.3 Class-A Amplifier 180 -18.0 --- - 7.0 - 1500 7.4 - - 6AF5G 
Twin Electron Ray BAG Htr. 6.3 0.3 Indicator Tube I 6AF7G 

6AG6G Power Amplifier Pentode 7S Htr. 6.3 1.25 Class-A Amplifier 250 - 6.0 250 6.0 32 - 10000 - 8500 3.75 6AG6G 
6AH5G Beam Power Amplifier 6AP Htr. 6.3 0.9 Class-A Amplifier 350 -18 250 -- - 33000 5200 - 4200 10.8  6AH5G 
6AH7GT Twin Triode BBE Htr. 6.3 0.3 Converter and Amts. 250 - 9.0 - - 12 3 6600 2400 16 - - 6AH7GT 
6AL6G Beam Power Amplifier 6AM" Htr. 6.3 0.9 Class-A Amplifier 250 -14.0 250 5.0 72 22500 6000 - 2500 6.5 6AL6G 
6B4G Triode Power Amplifier 5S Fil. 6.3 1.0 Power Amplifier Characteristics same as Type 6A3 -Table IV - I - - 684G 
6B6G Duplex-Diode High-p Triode 7V Htr.  

Htr. 
6.3 0.3 Detector-Amplifier Characteristics same as Type 75 -Table IV ---- - - 6B6G 

6C8G Twin Triode 8G 6.3 0.3 Amp. 1 Section 250 - 4.5 - - I 3.1 I 26000 I 1450 38 - - 6C8G 
6D8G Pentagrid Converter 8A Htr. 

Htr. 
6.3 0.15 Converter 250 - 3.0 100 Cathode current 13.0 Ma. I Anode 9 Id (No. ) Volts =250 3 6D8G 

6E8G Triode-Hexode Converter 80 6.3 0.3 Osc.-Mixer 250 - 2.0 Triode Plate 150 volts 6E8G 
6F8G Twin Triode 8G Htr.  

Htr. 

6.3 0.6 Amplifier 250 - 8.0 - - 93 7700 2600 20 - - 6F8G 

6G6G Pentode Power Amplifier 7S 6.3 0.15 Clins-A Amplifier 180 - 9.0 180 2.5 15 175000 2300 400 10000 1.1 
Class-A Amplifier " 180 -12.0 - - - 4750 2000 9.5 12000 0.25 6G6G 

6H4GT Diode Rectifier 5AF Htr. 
Htr. 

6.3 0.15 Detector 100 - - - 4.0 - - - - - 6H4GT 
6H8G 
6J8G 
i5K5G 

Duo-Diode High-is Pentode 8E 6.3 0.3 Class-A Amplifier 250 - 2.0 100 - 8.5 650000 2400 - - - 6H8G 
Triode Heptode 8H Htr.  

Htr. 
6.3 0.3 Converter 250 - 3.0 100 2.8 1.2 Anode -grid (No. 2) 250 volts max." 5 ma. 6.180 

High-p Triode 5U 6.3 0.3 Class-A Amplifier 250 - 3.0 - - 1.1 50000 I 1400 I 70 - I - 6K5G 
6K6G Pentode Power Amplifier 7S Htr.  

Htr. 
6.3 0.4 Class-A Amplifier Characteristics same as Type 4 -Table IV 6K6G 

6L50  
6M6G 

Triode Amplifier 60 6.3 0.15 Class-A Amplifier 250 - 9.0 - - 8.0 - 1900 17 - - 6L5G 
Power Amplifier Pentode 75 Htr. 6.3 1.2 Class-A Amplifier 250 - 6.0 250 4.0 36 - 9500 - 7000 4.4 6M60 

6M7G Triple-Grid Amplifier 7R Htr. 6.3 0.3 R. F. Amplifier 250 - 2.5 125 2.8 10.5 900000 3400 - - - 6M7G 

6M8GT Diode Triode Pentode BAU Htr. 6.3 0.6 Triode Amplifier 100 - - - 0.5 91000 1100 - - - 
Pentode Amplifier 100 - 3.0 100 - I 8.5 200000 1900 - - - 

6M8GT 

6N6G 1° Direct-Coupled Amplifier 7AU Htr. 6.3 0.8 Power Amplifier Characteristics same as Type 685 -Table IV - - - 6N6G 
6P5G Triode Amplifier 60 Htr. 6.3 0.3 Class-A Amplifier 250 -13.5 I - - 5.0 I 9500 1450 13.8 - - 6P5G 
6P7G Triode-Pentode 7U Ha. 6.3 0.3 Class-A Amplifier Characteristics same as 6F7-Table IV 6P7G 
6P8G Triode-Hexode Converter 8K Htr. 6.3 0.8 Osc.-Mixer 250 - 2.0 75 1.4 1.5 Triode Plate 100 v. 2.2 ma. 6P8G 
606G Diode-Triode 6Y Htr. 

Htr. 
Her. 

6.3 0.15 Class-A Amplifier 250 - 3.0 --- - 1.2 - 1050 65 - - 606G 
6R6G Pentode Amplifier 6AA 6.3 0.3 Clan-A Amplifier 250 - 3.0 100 1.7 7.0 - 1450 1160 - - 6R6G 
6S6GT Triple-Grid Variable-ss 5AK 6.3 0.45 R.F. Amplifier 250 - 2.0 100 3.0 13 350000 4000 - - - 6S6GT 
6SD7GT Triple-Grid Semi-Variable-p 8N Htr. 6.3 0.3 R.F. Amplifier 250 - 2.0 100 1.9 6.0 1000000 3600 - - - 6SD7GT 
6SE7GT 
6SL7GT 

Triple-Grid Amplifier 8N Htr. 6.3 0.3 R.F. Amplifier 250 - 1.5 i 100 1.5 4.51100000 3400 I 3750 - - 6SE7GT 
Twin Triode 8BD Htr. 6.3 0.3 Amplifier 250 - 2.0 - - 2.3 3 44000 1600 70 - - 6SL7GT 

6SN7GT Twin Triode BBD Htr. 6.3 0.6 Amplifier 250 - 8.0 - - 9.0 3 7700 2600 20 - - 6SN7GT 
6T6GM' Triple-Grid Amplifier 6Z Htr. 6.3 0.45 R.F. Amplifier 250 - 1.0 100 2.0 10 1000000 5500 - - - 6T6GM 
6U6GT 
6U7G  
6V7G 

Beam Power Amplifier 7AC Htr. 6.3 0.75 Class-A Amplifier 200 -14.0 135 3.0 56 20000 6200 - 3000 5.5 6U6GT 
Triple Grid Variable-is  7R Htr. 6.3 0.3 R.F. Amplifier Characteristics same as Type 6D6 -Table Ill 6U7G 
Duplex Diode-Triode 7V Htr. 6.3 0.3 Detector-Amplifier Characteristics same as Type 85 - Table Ill 6V7G 

6W6GT Bream Power Amplifier 7AC Htr. 6.3 1.25 Class-A Amplifier 135 - 9.5 135 12.0 I 61.0 - I 9000 215 2000 l 3.3 6W6GT 
6W7G 
6X6G 

Triple-Grid Det. Amp. 7R Htr. 6.3 0.15 Class-A Amplifier 250 - 3.0 I 100 2.0 1 0.5 1500000 I 1225 1850 - I - 6W7G 
Electron-Ray Tube 7AL Htr. 

Htr. 
Htr. 

6.3 
6.3 

0.3   
1.25 

Indicator Tube 
Class-A Amplifier 

250 0 v. for 300, 2 ma. -8 v. for 0, 0 ma. Vane grid 135 v. 6X6G 
6Y6G  
6Y7G 

Beam Power Amplifier 
Twin Triode Amplifier 

7AC 
88 

135 -13.5 I 135 I 3.0 I 60.0 I 9300 I 7000 I - I 2000 I 3.6 6Y6G 
6.3 0.3 Class-6 Amplifier Characteristics seam es Type 79- Table IV 6Y7G 



TABLE II - 6.3-VOLT GLASS TUBES WITH OCTAL BASES - Continued 

Twos Name 
Socket 
Connec- 
lions' 

Cathode 
Fil. or Heater 

Use 
Plate 
Supply 
Volts 

Grid 
Bias 

Screen 
Volts 

Screen 
Current 

- 

Plate 
Currant Plate Resist- 

Inc., Ohms 

Transcon- 
d c 

haluactamainheas Amp' Factor 

- 

Load 
Resistance 
Ohms 

Power 
Output 
Wats T YI" Volts I Amps. 

6Z7G Twin Triode Amplifier 8B Htr. 6.3 

6.3 

0.3 Class-8 Amplifier 
180 0 - 8.4 ,  

6.0' 
-  
- 

- 12000 4.2 
6Z7G 135 0 - - -  

4000 
-  
- 

9000 2.5 
717A Pentode Amplifier 88K I' Htr. 0.175  

0.3 
Class-A Amplifier 120 - 2.0 120 2.5 7.5 390000 - - 717A 

1223 Pentode Amplifier 7R Htr. 6.3 Class-A Amplifier Characteristics same as 6C6 - Table IV 1223 
1231 Pentode Amplifier 8V HI,. 6.3 0.45 Class-A Amplifier 300 - 2.5 , 150 2.5 10 700000 5500 3850 - - 1231 
1635 Twin Triode Amplifier 88 Htr. 6.3 

6.3 

0.6 Class-8 Amplifier 400 0 - - 10 ,/63 - - - 14000 17 1635 
2C21/ 
1642 Twin-Triode Amplifier 7BH Htr. 0.6 Class-A Amplifier 250 -16.5 - - 8.3 7600 1375 10.4 _ _ 2C21/ 

1642  
7000 7000 Low-Noise Amplifier 7R Htr. 6.3 0.3 Class-A Amplifier Characteristics same as Type 6J7 - Table I 

l Refer to Receiving Tube Diagrams. No connection to Pin No. 1. 
2 No-signal value for 2 tubes. Per plate. 
Plate No. 1, remote cut-off. 

Type Name 

7A4 
7A5 
7A6 
7A7 
7A8 
784  
785  
786 
787  
788 
7C5  
7C6 
7C7  
7D7 
7E6 
7E7 
7F7 

Triode Amplifier 
Beam Power Amplifier 
Twin Diode 
Remote Cut-off Pentode 
Multigrid Converter 
High-p Triode 
Pentode Power Amplifier 
Duo-Diode Triode 
Remote Cut-off Pentode 
Pentagrid Converter 
Tetrode Power Amplifier 
Duo-Diode Triode 
Pentode Amplifier 
Triode-Hexode Converter 
Duo-Diode Triode 
Duo-Diode Pentode 
Twin Triode 

7F8 Twin Triode 

Socket 
Connec-
tions 

Cathode 

5 AC 
6 AT 
7 Ai 
8 V 
8 U  
5 AC 
6 AE  
8 W 
ev 
8 X 
6 AA 
8 W 
8 V  
8 AR 
8 W 
8W  
BAC 

88W 

Htr. 
Htr. 
Htr. 
Htr. 
Htr. 
Htr. 
Htr. 7.0 
Htr. 7.0 
Htr. 7.0 
Htr. 7.0 
Htr.  7.0  
Htr. 7.0 
Htr. 7.0 
Htr.  7.0  
Htr.  7.0  
Htr. 7.0 
Htr. 7.9  

Heater* 

Volts 

7.0 
7.0 
7.0 
7.0 
7.0 
7.0 

Htr. 6.3 

7G7/ 
1232  

7G8/ 
1206  

7H7  
7.17 
7K7 
7L7 

Triple-Grld Amplifier 8 V Htr. 

Dual Tetrode 

Triple-Grid Semi-Variable-P  
Triode-Hexode Converter  
Duo-Dlode High-p Triode  
Triple-Grid Amplifier 

8BV 

8 V  
8 AR 
8BF 
8 V 

Htr. 

'Plate No. 2, sharp cut-off. 
• Through 200-ohm cathode resistor. 
Common plate. 

' Metal-sprayed glass envelope. 
Through 20,000-ohm dropping resistor. 

so Also type MG. 

TABLE III - 7-VOLT LOKTAL-BASE TUBES 
For other loktal-base types see Tables VIII, IX, X and XIII. 

Use 

Amps. 

0.32 Class-A Amplifier  
0.75 Class-As Amplifier  
0.16 Rectifier  
0.32  R.F. Amplifier  
0.16  Osc.-Mixer   
0.32  Class-A Amplifier  
0.43  Class-Au Amplifier  

I, Screen tied to plate. 
I Low-loss phenolic base. 

Plate Screen' Plate' Plate 
' Supply Grid Screen Current Current Resistance, 
, Volts Bias Volts Ma. Ma. 
! , Ohms 

250 - 8.0 - : -  9.0 7700 2600 
125 - 9.0 125 -1- 3.2/8 37.5 40 17000 6100 

Trans-
conduct-
once 

Micromhos 

Amp. 
Factor 

20 

Load 
Resistance 
Ohms 

Max. A.C. volts per pista - 150. Max. Output current - 10 ma. 
2700 

Power 
Output 
Watts 

Type 

7A4 
7A5 
7A6 
7A7 
7A8 
784  
785  
786 
7B7 
788 
7C5 
7C6 
7C7 
7D7 
7E6 
7E7 
7F7 

1.9 

250  - 3.0 100 
250 - 3.0 100 
250  - 2.0 - 
250 - 18.0, 250 

0.32  Class-A Amplifier  250  - 2.0 - 
0.16 R.F. Amplifier 250 - 3.0 100 
0.32  10sc.-Mixer   
0.48  Class-Au Amplifier 
0.16 Class-A Amplifier  250 
0.16 R.F. Amplifier  250 
0.48 Osc.-Mixer  250 
0.32  Class-A  Amplifier  250 
0.32  Class-A Amplifier  250 100 
0.32  Class-A Amplifier , 250 

250 - 3.0 100 
250 -12.5  250 4.57 

- 1.0 
100 0.5 - 3.0 

- 3.0 
- 9.0 
- 3.0 
- 2.0 
- 2.5 
-- 1.0  

2.0 
3.1  

5.5/10 

2.0 
2.7 

3.0 
0.9 

32,33 
1.0 
8.5 
3.5 

45 47 
1.3 
2.0 

8.6 800000  2000 1600 - -  
50000  Anode-grid 250 volts max.,  
66000 1500 100 

68000 2300 - 7600 3.4 
91000 
700000 
360000 
52000 

100000 
2 meg. 

Triod Plate (No. 
9.5 8500 

0.30 R.F. Amplifier 

7.0 

6.3 

0.48 

0.30 

Class-A Amplifier 

250 
180 

250 - 2.0 

1.6 7.5 700000 
2.3 44000 

10.0 10400 
12.0 : 8500 

1100  100 
1700 1200 - -  

Anode-grid 250 volts max.,  
4100  - 5000  4.5  

 1000 100 - 
1300  

) 150 v. 3.5 ma.  
1900 16 
1300  -  
1600  70 
5000  
7000 

100 

R.F. Amplifier , 250 - 2.5 100 

2.0 

0.8 

6.0 800000 4500 

4.5 225000 2100 

Htr. 
Ht,. 
Hb. 

7.0 
7.0 
7.0 
7.0 

0.32 
0.32 
0.32 
0.32 

R.F. Amplifier 
Osc.-Mismr 
Class-A Amplifier 
Class-A Amplifier 

250 
250 
250 
250 

- 2.5  
- 3.0  
- 2.0  
- 1.5 

150 
100 

100 

2.5 
2.9 

1.5 

9.0 
1.3 
2.3 
4.5 

1000000 3500 - - 

7F8 

Triode Plate 250 v. Max., 
44000 1600  70 - I -  
100000 3100 Cathode Resistor 250 ohms 

7G7/ 
1232  

7G8/ 
1206  

7H7 
7.17  
7K7 
7L7 



TABLE III - 7-VOLT LOKTAL-BASE TUBES- Continued 

TYPe Name 
Socket 
Connec- Cathode 
tiens 

7N7 Twin Triode 
707 Pentagrid Converter  

- 1117 Duo-Diode Pentode  
- 737 Triode Hexode Convener 
7T7 Triple-Grid Amplifier 

-7V7 Triple-Grid Amplifier  
7W7 Triple-Grid Variable-a 

BAC 
BAL 
8AE 
8BL 
8V 
8V  Htr. 
813.1 Htr. 
5AC Htr. 

Htr. 
Htr. 
Htr. 
Htr. 
Htr. 

XXL Triode Oscillator 

Heater 

Volts Amps. 

7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 

Use 
Plate 
Supply 
Volts 

Grid Screen 
Bias Volts 

0.6 Class-A Amplifier' 
0.32 Osc.-Mixer 
0.32-  Class-A Amplifier 
0.32 Osc.-Mixer 
0.32 Class-A Amplifier  
0.48 ¡ Amplifier  
0.48 Class-A Amplifier  
0.32 Oscillator 250 - 8.0 - 

250 - 8.0 
250 0 100 
250 - 1.0 100 
250  - 2.0 100 
250 - 1.0 150 
300 --- 150 3.9 9.6 300000 
300 - 2.2 150 3.9 10 1- 300000 

- 8.0 

IScreen , Plate , Plate Transco, 
I Current Current Resistance, i ductance 

Ma. Ma. Ohms Micromhos 

Amp. 
Factor 

Load Power 
Resistance Output 
Ohms Watts 

9.0 I 7700 2600 , 20 - - 
8.0 3.4 800000 Grid No. 1 resistor 20000 ohms 
1.7 5.7 1000000 3200 - - - 
2.2 1.7 2000000 Triode Plate 250 v. Max., 
4.1 10.8 900000 4900 - 

5800 
5800 
2300 20 

- 

Type 

7N7  
707 
7R7  
7S7  
777  
7V7  
7W7 
XXL 

* Maximum rating, corresponding to 130-volt line condition; normal rating is 6.3 v. for 117-v. line. 
5 Values to left of diagonal lines are for "no-signal" condition; values to right are "with signal." Applied through 20000-ohm dropping resistor. ' Each section. r Cathode bias resistor, 160 ohms. 

5 From fixed screen supply. If series resistor from plate supply is used, value should be 40,000 ohms. Series resistor gives extended cut-off (variable-a) characteristic, fixed screen supply gives sharp cut-off. 

TABLE IV - 6.3-VOLT GLASS RECEIVING TUBES 
_   

Type Name Base 5 
Socket 
Connec- 
tiens , 

Cathode 

Fil. 

Fil.  

Htr. 

Fil. or Heater 
Use 

Plate 
Surely 
Volts 

Geld 
• Bias 

Screen 

Volts 

Screen 
Current me. 

Plate Plato Resist- 
Current 
Ma. unce, Ohms 

Transcon- 
ductance 
mien:mhos 

Amp • 
Factor 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type 
Volts' 

6.3 

6.3 

6.3 

Amps. 

6A3 Triode Power Amplifier 4-pin M. 4D 1.0 

0.3 

0.8 

Class-A Amplifier 250 - 45 - - 60 1 800 5250 4.2 2500 3.5 
6A3 

6A4 

6A6 

push-pull Amplifier 

Class-A Amplifier 
 300  

300 
 300  

- 62 
- 

Fixed Blas 
Self Bias 11 

40 
40 

Power output for 2 tubes 
load plate-to-plate 

3000 
5000 

15 
10  
1.4 6A4 5 Pentode Power Amplifier 5-pin M. 5B 

7B 

180 -12.0 180 3.9 22 I 45500 I 2200 I 100 8000 

6A6 

6A7" 

Twin Triode Amplifier 7-pin M. Class-B Amplifier 
250 
300 

0 
0  

- 3.0 
-  
100 2.2 

Power output is for one tube at stated 8000 
load, plate-to-plate 10000 

8.0 
10.0 

Pentagrid Converter 7-pun S. 7C Htr. 
Htr. 

Htr. 

6.3 
6.3 

0.3 
0.15 

0.15 

Converter 250 3.5 360000 I Anode grid (No. 2) 200 volts max. 6A7  
6AB5/6N5 it1135/6145 Electron-Ray Tube 6-pin S. 6R Indicator Tube 180 Cut-off Grid Bias = - 12 v. 0.5 I Target Current 2 ma. - 

6AF60 Electron-Ray Tube Twin Indicator Type 
7-pin S. 7AG 6.3 Indicator Tube 135 Ray Control Vo tage = 81 for 0° Shadow Angle. Target current 1.5 ma. 

44 .. " " " 0.9 " " =60 " " " 
6A F6G 

6135 

100 

6135 

6B7" 

Direct-Coupled Power Am- 
plifier 

6-pin M. 6AS Htr. 

Htr. 

6.3 

6.3 

0.8 Class-A Amplifier  
Push-Pull Amplifier 

300 0 - 65 45  
40 

241000 2400 58 7000 4.0 

400 -13.0 - 4.5 5 - - - 10000 20 

Duplex-Diode Pentode 7-pin S. 7D 0.3 Pentode R.F. Amplifier 250 - 3.0 125 2.3 9.0 650000 1125 730 - - 6B7  

6C6 
6C7 

Triple-Grid Amplifier 6-pin S. 
7-pin S. 

6F 
7G 

Htr. 
Hr. 

6.3 
6.3 

0.3 
0.3 

R.F. Amplifier 250 - 3.0 100 0.5 
- 

2.0 1500000 1225 1500 - 6C6 

Duplex Diode Triode Class-A Amplifier 250 - 9.0 - 4.5 - 20 1250 - 
- 

-  
- 

6C7 

6D6 
6D7 
6E5 

Triple-Grid Variable-a 6-pin S. 
7-pin S. 

6F Htr. 6.3 
6.3 

0.3 
0.3 

R.F. Amplifier 250 - 3.0  
- 3.0 

100 
100 

2.0 8.2 800000 1600 
1600 

1280 6D6  
6D7 Triple-Grid Amplifier 7H Htr. Class-A Amplifier 250 0.5 2.0 - 1280 - - 

Electron-Ray Tube 6-pin S. 6R Htr. 6.3 0.3 Indicato, Tube 250 0 - - 0.25 Target Curren 4 ma. - 6E5 

6E6 
6E7  

6F7" 

Twin Triode Amplifier 7-pin M. 7B Htr. 6.3 0.6  
0.3 

Class-A Amplifier 250 -27.5 Per plate- 18.0 3500 I 1700 6.0 14000 I 1.6 6E6 

Triple-Grid Variable-a 7-pin S. 7H Htr. 6.3 R.F. Amplifier Characteristics same as 6U7G - Table II 6E7 

Triode Pentode 7-pin S. 7E Ht,. 6.3 0.3 
Triode Unit Amplifier 100 - 3.0 - I - l 3.5 16000 ! 500 . 8 - - 

6F7 
Pentode Unit Amplifier 250 - 3.0 100 I 1.5 ¡ 6.5 850000 I 1100 I 900 

_ 

6U5/ 
6G5 Electron-Ray Tube 6-pin S. 6R Htr. 6.3 0.3 ndicator Tube 250 

100 
Cut-off Grid Bias = - 22 v.¡ 0.24 
I " " " = - 8 y.I 0.19 

Target Current 4 ma. 
4t 0 1 0 

6U5/ 
6G5 

6H5 Electron-Ray Tube 6-pin S. 
6-pin S. 

6R Htr. 6.3 0.3 Indicator Tube Same characteristics as Type 605- Circular Pattern 6H5 

613 
36 

Electron-Ray Tube 6R Htr. 6.3 0.3 Indicator Tube 250 Cut-off Grid Bias = - 12 v. 0.24 Target Current 4 ma. ' - 6T5 

Tetrode R.F. Amplifier 5-pin S. 5E Htr. 6.3 0.3 R.F. Amplifier 250 - 3.0  
-18.0  
-25.0 

90  
-  
250 

1.7 3.2 550000 1080 I 595 - - 36 

37 
38 

Triode Detector Amplifier 5-pin S. SA His. 6.3 0.3 Class-A Amplifier 250  
250 

--  
3.8 

7.5  
22.0 

8400 

106ôoo1 

1100 9.2 - - 37 

Pentode Power Amplifier 5-pin S. 5F Htr. 6.3 0.3 Cass-A Amplifier 1200 120 10000 2.5 38 



TABLE IV-6.3-VOLT GLASS RECEIVING TUBES-Continued 

TYPe 

39/44 

Name Base , 
Socket 
Conn«. 
tions , 

Cathode 
Fil. o Heater 

Use 
Plate 

_._ 
S.I,Polts"'' 

Grid 
Bias 

Screen 
Volts 

90 

Screen 
Current 
Me 

Plate 
Current 
Ma. 

Plate Resist- 
ance'Ohms 

Transcon- 
ductance 
Micromhos 

A__ P":". 
rac‘or 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Two/ 
Volts Amps. 

Variable.» R.F. Amplifier 5-pin S. 5F Htr. 6.3 0.3 RS. Amplifier 250 - 3.0 1.4 5.8 1000000 1050 1050 - -  
34  
3.0 

39/44 
41 
42 

52 

41  
42 

Pentode Power Amplifier 6-pin S. 613 Htr. 6.3 0.4 Class-A Amplifier 250 -18.0 250  
250  
-  
- 

5.5  
6.5  
-  
- 

32.0  
34.0 

68000 2200 150 7600  
7000 Pentode Power Amplifier 6-pin M. 69 Htr.  

Fil. 

6.3 

6.3 

6.3 
6.3 

0.7 Class-A Amplifier 250 -16.5  
0 

100000 2200 220 

52 

56AS" 

2-Grid Triode 5-pin M. Fie 33 0.3 

0.4 

Class-A Preamp.' - 110 43.0 1750 3000 5.2 2000 1.5 
Class-B, 2 tubes" 180 0 3.0 10000 5.0 

Triode Amplifier 5-pin S. 5A Htr. Class-A Amplifier Characteristics same as 56 56AS 
57AS" Pentode 6-pin S. 6F Htr. 0.4 R.F. Amplifier Characteristics same as 57 57AS 

58AS-
75 

58AS" Triple-Grid Variable-Jr 6-pin S. 6F Htr. 6.3 0.4 R.F. Amplifier Characteristics same as 58 
75 Duplex-Diode Triode 6-pin S. 6G Htr. 6.3 0.3 Triode Amplifier 250 - 1.35 - - 0.4 91000 1100 100 - - 
76 Triode Detector Amplifier 5-pin S. 5A Htr. 6.3 0.3 Class-A Amplifier 250 -13.5 - - 5.0 9500 1450 13.8 - - 76 
77 Triple-Grid Detector 6-pin S. 6F Htr. 6.3 0.3 R.F. Amplifier 250 - 3.0 100 0.5 2.3 1 500000 1250 1500 - - 77 
78 Triple-Grid Variable-u 6-pin S. 6F Htr. 6.3 0.3 R.F. Amplifier 250 - 3.0 100 1.7 7.0 800000 t 1450 1160 - - 78 
79 Twin Triode Amplifier 6-pin S. 6H Htr. 6.3 0.6 Class-8 Amplifier 250 0 - - Power output s for one tube 14000 8.0 79 
85 Duplex-Diode Triode 6-pin S. 6G  

6G 
Htr.  
Htr. 

6.3 
6.3 

6.3 

0.3 Class-A Amplifier 250 -20.0 - ---- 8.0 7500 1100 8.3 20000 0.35 85 
85 AS  85AS" Duplex-Diode Triode 6-pin S. 0.3 

0.4 

0.3 
 Pentode  Amplifier , 

Class-A Amplifier 250 -9.0 _ - - 5.5 - 1250 20 -  
5500 

-  
0.9 

89 

1603 , 

Triple-Grid Power 
Amplifier 6-pin S. 6F Htr. 

Triode Amplifier , 250 -31.0 - - 32.0 2600 1800 4.7 
Pentode Amplifier , 250 -25.0 250 5.5 32.0 70000 1800 125 6750 3.4 

89 

Triple-Grid Amplifier 6-pin M. 6F Htr. 6.3 Class-A Amplifier Characteristics same as 6C6 1603 
7700 , Triple-Grid Amplifier 6-pin S. 6F Htr. 6.3 0.3 Class-A Amplifier Characteristics same as 6C6 7700 
RK100 Mercury-yapor Triode 6-pin M. 6A Htr. 6.3 0.6 Amplifier 100 I - 2.5 Cathode (Gr) current 250 ma. I 20000 l 50 l - I - RK100 

'Refer to Receiving Tube Diagrams. 
'Suppressor grid, connected to cathode inside tube, not shown on 

base diagram. 
2 Also known as Type LA. 
S. - small; M.- medium. 

5 Current to Input plate (Pi). 
'5 Grids Nos. 2 and 3 connected to plate 
, Grid No. 2, screen; grid No. 3, suppressor. 
, Cathode resistor, 780 ohms. 
, Low noise, non-microphonic, tubes. 

TABLE V - 2.5-VOLT RECEIVING TUBES 

1, Cathode bias resistor-ohms. Fixed bias not recommended. 
" Types with final letter "S" have external shield connected 

to cathode pin. 
G2 tied to plate. 

2, GI tied to G . 

Type Name Base , 
Socket 
Conn«. 
lions 1 

Cathode 
Fil. or Heater 

Use 
Plate 
Supply 
Volts 

Grid 
Blas 

Screen 
Volts 

Screen 
Current 
ma. 

Plate 
Current 
NI*. 

pl.,. Res;,. 
•'''''' '" once, Ohms 

Transcon- 
ducta,nce 
Micromhos 

A __ 
F'"' 
' a'''':" 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type 
Volts Amps. 

25/4S Duodiode 5-pin M. 5D Htr. 2.5 1.35 Detector At 50 D.C. Volts per plate, ca bode ma. = 80 25/4S 
2A3 Triode Power Amplifier 4-pin M. 4D Fil. 2.5 2.5 Class-A Amplifier Characteristics same as Type 6A3, Table IV 2A3 
2A5 Pentode Power Amplifier 6-pin M. 6B Htr. 2.5 1.75 Class-A Amplifier Characteristics same as Type 42, 

Characteristics same as Type 
Table IV 2A5 

2A6 Duplex-Diode Triode 6-pin S. 6G Htr. 2.5 0.8 Class-A Amplifier 75, Table IV 2A6 
2A7 , Pentagrid Converter 7-pin S. 7C Htr. 2.5 0.8 Osc.-Mixer Characteristics same as Type 6A7, Table IV 2A7 
2B6 Direct-Coupled Amplifier 7-pin M. 7J Htr. 2.5 2.25 Amplifier 250 I -24.0 --- I --- 40.0 I 5150 l 3500 I 18.0 . 5000 I 4.0 286 
267 , Duplex-Diode Pentode 7-pin S. 7D Htr. 2.5 I 0.8 Pentode Amplifier Characteristics same as Type 687-Table IV 287 

2E5 Electron-Ray Tube 6-pin S. 6R Htr. 2.5 I 0.8 Indicator Tube Characteristics same as Type 6E5 - Table IV 2E5 

2G5 Electron-Ray Tube 6-pin S. OR Htr. 2.5 0.8 Indicator Tube Characteristics same as 6U5 6G5 - Table IV 2G5 

24-A Tetrode R.F. Amplifier 5-pin M. 5E Htr. 2.5 1.75 
Screen-Grid R.F. Amp. 250 - 3.0 90 1.7 I 4.0 I 600000 I 1050 I 630 I - I - 

24-A 
Bias Detector 250 - 5.0 20 45 Plate current adjusted to 0.1 ma. with no signal 

27' Triode Detector-Amplifier 5-pin M. 5A Htr. 2.5 1.75 
Class-A Amplifier 250 -21.0 - _ I 5.2 I 9250 I 975 I 9.0 I - I - 27 
Bias Detector 250 -30.0 - Plate current adjusted to 0.2 ma. with no signal 

35 51^ Vadable-u Amplifier 5-pin M. 5E Htr. 2.5 1.75 Screen-Grid R.F. Amp. 250 - 3.0 90 2.5 I 6.5 I 400000 I 1050 I 420 1 - I - 35/51 



TABLE V - 2.5-VOLT RECEIVING TUBES - Continued 

Tree 

45 

46 

47  
53  
55  
56° 
57 5 
58" 

59 

Name Base 
Socket 
Connec-
tions 

Cathode 
Fil. or Heater 

Triode Power Amplifier 

Dual-Grid Power Amplifier 

Pentode Power Amplifier  
Twin Triode Amplifier  
Duplex-Diode Triode  
Triode Amplifier, Detector 
Triple-Grid Amplifier  
Triple-Grid Variable-rr  

Triple-Grid Power 
Amplifier 

4-pin M.  

5-pin M. 

4D 

5C 

5-pin M. 58  
7-pin M. 7B  
6-pin S. 6G 
5-Pin S. 5A 
6-pin S. 6F 
6-pin S. 6F  

7-pin M. 7A 

Fil. 

Fil. 

Fil.  
Ht,. 
Ht,. 
Hit. 
Ht,. 
Ht,. 

RK15 Triode Power Amplifier 
RK16  Triode Power Amplifier 
RK17 Pentode Power Amplifier 

4-pin M.  
5-pin M.  
5-pin M. 

401 
5A  
5F 

Ht,. 

Fil.  
Ht,. 
Ht,. 

Volts I Amps. 

2.5 1.5  

2.5 1.75 

2.5 
2.5 
2.5 
2.5 
2.5 
2.5 

2.5 

2.5 
2.5 
2.5 

1.75 
2.0 
1.0 
1.0 
1.0 
1.0 

2.0 

1.75 
2.0 
2.0 

Use 
Plate 
Supply 
Volts 

Grid 
Bias 

Screen 
Volts 

Screen 
Current 
Ma. 

Class-A Amplifier  
Class-A Amplifie1 1  
Class-13 Amplifier  
Class-A Amplifier  
Class-B Amplifier 
Class-A Amplifier  
Class-A Amplifier  
R.F. Amplifier  
Screen-Grid R.F. Amp.  
Class-A Triode'  
Class-A Pentode 7  

Plate 
Current 
Ma. 

Plate Resist-
ance, Ohms 

Transcon-
ductance 

Micromhos 

Amp. 
Factor 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type 

275  -56.0 - -  36.0 1700 2050  3.5 4600 2.00 
250  - 33.0  22.0 2380 2350 5.6 6400 1.25 
400 0  -  Power outpu for 2 tubes  5800 20.0  
250 - 16.5 250 6.0 31.0 60000 2500 150 7000-  2.7  

Characteristics same as Type 6A6, Table IV  
Characteristics same as Type 85, Table IV  
Characteristics same as Type 76, Table IV  

250  I  - 3.0 100 0.5 2.0 1500000 1225 1500 
250  - 3.0 100 2.0 8.2  800000  1600 1280 
250  -28.0  26.0 2300 2600  6.0 5000  I  1.25  
250  - 18.0 250  9.0 35.0 40000 2500 I 100 6000 I 3.0  

  Characteristics same at Type 46 with Class-B connections 
 Characteristics same as Type 59 with Class-A triode connections 

1Refer to Receiving Tube Diagrams 
Grid connection to cap; no connection to No. 3 pin. 
S. - small, M.- medium. 

Characteristics same as Type 2A5 

°Grid No. 2 tied to plate. 
1 Grids Nos. 1 and 2 tied together. 
Grids Nos. 2 and 3 connected to plate. 

TABLE VI - 2.0-VOLT BATTERY RECEIVING TUBES 

45 

46 

47 
53 
55 
56 
-57 
58 

59 

RK15 
RK16 
RK17 

° Grid No. 2, screen; grid No. 3, suppressor. 
Types with Snal 'et« ' 5" indicate external shield csnnected 

to cathode pin. 

Type 

1A4P 

Name Base r 
Socket 
Connec- 
lions 1 

Cathode 

Fil. 

Fil. or Heater 
Use 

Plate 
Supply 
Volts 

Grid 
B' 
rar 

Screen 
Volts 

Scree Current 
Ma. 

Plate Current 
Ma. 

2.3 

Plate Resist- ...,_ 
area' ‘rarar 

1000000 
960000 

Trenscon-
duccance 

MiCrOMilOS 

750 

Amp. 

Factor 

750 

.. Load 
Resistance 
^ Ohms 

Power 
Output 
Watts 

Type 
Volts 

2.0 

Amps. 

Veriable-su Pentode 4-pin S. 4M 0.06 R.F. Amplifier 180 
180 

- 3.0 
- 3.0 

67.5 0.8 - - 1A4P  
1 A4T 1A4T Variable-p Tetrode 4-pin S. 4K Fil. 2.0 

2.0 
0.06 
0.06 

R.F. Amplifier ' 67.5 0.7 2.3 750 720 - - 
1A6 Pentagrid Converter 6-pin S.  

4-pin S. 

61 Fil. Converter 180 - 3.0 67.5 2.4 1.3 500000 Anode grid (No. 2) 180 max. volts 1A6 
1B4P/80 
951  
1135/25S 

P had' RR.F.Amplifier •• • • •  4M Fil. 2.0 0.06 R.F. Amplifier 90 
- 3.0 
- 3.0 
- 3.0 

67.5 
67.5 

0.6 
0.7 

1.7 
1.6 

1500000 
1000000 

650 1 1000 
600 550 

- 
  951  

1B525S 

B4P/ 
  951  

1B525S Duplex-Diode Triode 6-pin S. 6M Fil. 2.0 0.06 Triode Class-A Amplifier 135 - - 0.8 35000 575 20 - 
106 
1F4 

1F6 

Pentagrid Converter 6-pin S. 6L Fil. 2.0 0.12 Converter 180 - 3.0 67.5 
135 

2.0 
2.6  
0.6 

1.5  
8.0  
2.0 

750000  
200000  

1000000 

Anode grid 
1700 

(No. 2) 135 max volts 106 
Pentode Power Amplifier 5-pin M. 5K  

6W 

Fil. 

Fil. 

2.0 0.12 Class-A Amplifier 135 - 4.5 ! 340 16000 0.34 1F4 

Duplex-Diode Pentode 6-pin S. 2.0 0.6 
R.F. Amplifier 180 - 1.5  

- 1.0 
67.5 650 I 650 - - 

1F6 
A- .F. Amplifier 135 135 P ate, 0.25 inegolionr screen, 1.0 megohm Amp. =48 

15 R.F. Pentode 5-grin S. SF Ht,. 2.0 0.22 R.F. Amplifier 135 - 1.5 67.5 0.3 1.85 800000 ' 750 I 600 - - 15 
19 Twin-Triode Amplifier 6-pin S. 6C Fil. 2.0 0.26 Class-B Amplifier 135 0 - -  

- 
-  
3.1 

Load plate-to-plate 
10300 ' 900 9.3  

3.8 

10000 2.1 19 
30 
31 

Triode Detector Amplifier 4-pin S. 40 Fil. 2.0 0.06 Class-A Amplifier 180 -13.5 - -  
5700 

-  
0.375 

30  
31 Triode Power Amplifier 4-pin S. 4D Fil. 2.0 0.13 Class-A Amplifier 180 - 30.0 - - 12.3 3600 1050 

32 Tetrode R.F. Amplifier 4-pin M. 4K Fil.  
Fil. 

2.0 
2.0 

0.06 R.F. Amplifier 180 - 3.0 67.5 0.4 1.7 1 200000 650 780 - - 32 
33 Pentode Power Amplifier 5-pin M. 5K 0.26 Class-A Amplifier 180 - 18.0 180 5.0 

1.0 
22.0 
2.8 

55000 1700 90 6000 1.4 33 
34 34 Variable.» Pentode 4-pin M. 4M Fil. 2.0 0.06 R.F. Amolifiet 180 - 3.0 67.5 1000000 620 620 - - 

49 Dual-Grid Power Amplifier 5-pin M. il 5C 
I 

Fil. 2.0 0.12 
Class-A Amplifier' 135 -20.0 - - 6.0 4175 1125 4.7 11000 0.17 

49 
Class-B Amplifier 1 180 1 0 - - Power output for 2 tubes 12000 3.5 



TABLE VI - 2.0-VOLT BATTERY RECEIVING - 

Type Name B.» 2 
Socket 
Connec- 
lions ' 

Cathode 
Fil. or Heater 

Use 
Plate 

Surely 
Volts 

Grid 
Bias 

scrim 
Volts 

scrim 
Current ma. 

Pk" Current 
Ma. 

e Plat Resist. 
once, Ohms 

bane" .  ductance 
micremhos A nip' Factor•yeli 

Load 
Resistance 
Ohms 

Power 
Output 
Eatts 

7 Volts Amps. 

840  R.F. Pentode  5-pin S. 5J Fil. 2.0 0.13 Class-A Amplifier 180 - 3.0 67.5 0.7 1.0 1000000 400  400  ---  -- 840 950  Pentode Power Amplifier 5-pin M. 5B Fil.  
Fil. 

2.0 0.12 Class-A Amplifier 135 -16.5 135 2.0  7.0 100000 1000  
1600 

RK24 Triode Antplifier 4-pin M. 4D 2.0 0.12 Class-A Amplifier 180 -13.5 - - 8.0 5000 
100  
8.0 

13500  
12000 

0.45  
0.25 

950 
RK24 

grams. .-small medium.'Grid No. 2 tied to plate. 

TABLE VII- 2.0-VOLT BATTERY TUBES WITH OCTAL BASES 
Grids Nos. 1 and 2 tied together. 

Tyne Name 
Socket 
Connec- Cathode 
liens 

1C7G  Pentagrid Converter 
1D5GP Variable-,u R.F. Pentode  
1D5GT  Variable-p R.F. Tetrode  
1D7G  Pentagrid Converter  
1E5GP  R.F.  Amplifier  Pentode  
1E7G  Double Pentode Power Amp. 
1F5G  Pentode Power  Amplifier  

1F7GV 3 Duplex-Diode Pentode  
1G5G  ¡ Pentode Power Amplifier  
1 H4G  Triode Amplifier 
1H6G  Duplex-Diode Triode 
1J5G  Pentode Power Amplifier  
1.16G Twin Triode 

4A6G Twin Triode 

7Z 
5Y 
5R 
7Z 
5Y 
SC 
6X 
7AD  
6X  
5S  
7AA 
6X  
7AB  

SL 

Fil. 
Fil. 
Fil. 
Fil. 
Fil.  
Fil. 
Fil. 
Fil. 
Fil. 
Fil. 
Fil. 
Fil. 
Fil. 

Fil. or Heater 

Volts 

Fil. 3 

2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0  
2.0 
2.0 
4.0 

Amps. 

0.06 
0.06 
0.06 
0.06 
0.06 
0.24 
0.12 
0.06 
0.12 
0.06 
0.06 
0.12 
0.24 
0.12 
0.06 

Converter 
R.F. Amplifier 
R.F. Amplifier 
Converter 
R.F. Amplifier 
Class-A Amplifier 
Class-A Amplifier 
Detector-Amplifier 
Class-A Amplifier 
Detector-Amplifier 
Detector-Amplifier 
Class-A Amplifier 
Class-B Amplifier 
Class-A, 1 section 

Use 
Plate 
Supply 
Volts 

Grid 
Bias 

Screen 
Volts 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate Resist-
ance, Ohms 

Transcon-
ductance 
Micromhos 

Amp. 
Factor 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

180 

135 

- 3.0 

- 7.5 

135 

lass-B, 2 sections 

135 

90 
90 

- 13.5 

-16.5 

1.5 
1.5 

Characteristics same as Type 106 - Table VI 
Characteristics same as Type 1A4P - Table VI 

67.5 I 0.7 I  2.2 I 600000 650 
Characteristics same as Type 1A6- Table VI  
Characteristics same as Type 1B4- Table Vi  

135 I 2.0 2 6.5 3 220000 I 1600 
Characteristics same as Type 1F4 -Table VI 

 Characteristics same as Type 1F6- Table Vi 
135 2.5 8.7 I 1600000 I 1550 

Characteristics same as Type  30- Table VI  
Characteristics same as Type 185-Table VI 

135 I 2.0 7.0 I - I 950 
Characteristics same as Type 19- Table VI 

-  -  1.1 26600 750  
- 1.1 

350 24000 0.65 

250 9000 0.55 

100 

20 

13500 

8000 

0.45 

1.0 

Type 

1C7G  
1 D5GP 
1D5GT 
1D7G  
1E5GP  
1E7G 

1F7GV 
1G5G 
1 H4G 
1H6G 
1J5G  
1J6G  

4A6G 

i Refer to Receiving Tube Diagrams. 
2 Total current for both sections; no signal. Also typo G or GI-I. 'Max. signal plate Cu rent 10.8 Ma. 

TABLE VIII- 1 5-VOLT FILAMENT DRY-CELL TUBES 
See also Table X for Special 1.4-volt Tubes 

3Center tapped. 

Type Name Base 
Socket 
Connec- 
tions I 

Filament 
- 
Volts 

Use Plate 
Supply 

Volts 

Grid 

Bias 

screen 

Volts 
Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate Resist. 
enc., (Dims 

Transcon- 
ductance 

Micromhos 

A.... 1 Load 
F''cr; Resistance 
a o' I Ohms 

Power 
Output 

Milliwatts 
TYPO 

- 

Amps. 

1A3 H. F. Diode 7-pin B. 10 5AP 

6X 

1.4 

1.4 

0.15 
litte.cescriminator Max. a.c. voltage per plate- 117. Max. output current - 0.5 ma. 

90 

1A3 
1A5G Pentode Power Amplifier 7-pin O. 0.05  Class-As Amplifier  
1A7G Pentagrid Converter 8-pin O.  7Z  1.4 0.05  90 

-4.5 3 90 0.8 4.0 
0.55 

300000 850 240 I 25000 115 1A5G 

1AB5 Pentode R.F. Amplifier 8-pin O. 5BF 1.2 0.05 
 90  Osc.-Mixer  

R.F. Amplifier 

o 45 3 0.6 600000 Anode-grid volts 90 1A7G 
90  0  90 0.8 3.5 275000 1100  

1350 
- 

1 AB5 
1B7G  Pentagrid Converter  

150 -1- .5 150 2.0 6.8 125000 

1B8GT Diode Triode Tetrode 

-pin O.  

8-pin O. 

7Z  

SAW 

1.4 

1.4 

1.4 

0.1  

0.1 
  Tetrode Amplifier  

Osc.-Mixer 90 0 45 1.3 1.5 350000 Grid N. 1 resistor 200,000 ohms 1B7G  
Triode Amplifier 

  Tetrode Amplifier  
90 
90  

0 
-6.0 

--- 
90 

-- 
1.4 

0.15 
6.3 

240000 
- 

272 
1150 

- 
- - 

14000 210 1B8GT 1C5G Pentode Power Amplifier  7-pin O. 6X 

IDIOT 
0.1 lass-Ai Amplifier 90 -7.5 3 90 1.6 7.5 115000 1550  165  8000  240  IC5G 

Diode Triode Pentode 8-pin O. 8AJ 1.4 0.1 dodo Amplifier 
Pentode Amplifier 

90 
90 

0 
-9.0 

- 
90 

- 
1.0 

1.1 
5.0 

43500 
200000 

575 
925 

25 
- 

- 
- 

-- 
- 1D8GT 



TABLE VIII - 1.5-VOLT FILAMENT DRY-CELL TUBES- Continued 

TYP• Name Base , 
Socket 
Connec 
lien,' 

Filament 

Us* 
Plate 
Supple 
Volts 

Grid 
Bias Screen 

Volts 

- 

Screen 
Current 
Ma. 

- 

Plate 
Current 
Ma 

4.5 
1.5 

Plate Resist- 
once, Ohms 

11000 
17000 

7reeseee" ductance m inenhos 
Am 12' 
Factor 

Load 
Resistance 
Ohms 

Power 
Output Miiliwatts T Yee 

Volts' Amps. 

Triode Amplifier 8-pin O. 5S " 1.4 0.05 

0.05  

0.1 

Class-A Amplifier 
90 
90 

0 
-3.0 

1325 
825 14.51E4G 14 - - 

- 

1E4G 

1G4G 1G4G Triode Amplifier 7-pin O. 5S 1.4 Class-A Amplifier 90 -6.0 -  
- 

-  
- 

2.3 10700 825 8.8 - 

1G6G 

1H5G 

Twin Triode 6-pin O. 7AB 

5Z 

1.4 

1.4 

Class-A Amplifier 90 0 1.0 45000 675 30 - 
1G6G 

Class-B Amplifier 90 0 - - 1/7 5 34 volts input per grid 12000 675 

Diode High-p Triode 7-pin O. 0.05  
0.05 

Class-A Amplifier 90 0 -  
90 

- 0.14 240000 275 l 65 - - 1H5G 

1L4 n R. F. Pentode Amplifier 7-pin B.1. 6AR 1.4 Class-A Amplifier 90 0 2.0 4.5 350000 1025 I - - - 1L4 

1LA4 Pentode Power Amplifier 8-pin L 5AD 1.4 0.05 Class-A Amplifier Characteristics same as 1A5G 1 LA 4 

1LA6 Pentagrid Converter 8-pin L.  
8-pin L. 

7AK 1.4 0.05  
0.05 

Osc.-Mixer 90 0 45 0.6 0.55 Anode Grid Volts 90 1 L A 6  
1LB4  
1LB6GL 

1L124  
1LB6GL 

Pentode Power Amplifier 5AD 1.4 Class-A Amplifier 90 -9 90 1.0 5.0 200000 1 925 I - 12000 I 200 

Heptode Converter 8-pin L. 8AX 1.4 0.05 Osc.-Mixer 90 0 67.5 L2 0.4 Grid No. 4-67.5 v., No. 5-0v. 

1LC5 Triple-Grid Variable-p 8-pin L. 7A0 1.4 0.05 R.F. Amplifier 90  
90 

0  
0  
0 

45 0.2 1.15 1500000 I 775 I - - - 1LC5  
1LC6 1LC6 Pentagrid Converter 8-pin L. 7AK L4 

1.4 

1.4 

0.05 Osc.-Mixer 35, 0.7 0.75 Anode Grid Volts 45 

1LD5 Diode Pentode 7-pin L. 6AX 0.05 Class-A Amplifier 90 45 0.1 0.6 950000 600 - - - 1 LD5  

1LE3 1LE3 Triode Amplifier 8-pin L. 4AA 0.05 Class-A Amplifier 
90 
90 

0 
-3 - 

- 

9
1,0
 
1
1 
I
 

a
i ;
» 

ie
 
1;

 

' 

4.5 
1.3 

11200 
19000 

1300 
760 14.5 - - 

1LH4 Diode High-p Triode 8-pin L. 5AG 1.4 0.05 Class-A Amplifier 90 o 0.15 240000 275 
750 

65 - - 1LH4 

1LN5 Triple-Grid Amplifier 8-pin L. 
7-Pin O. 

7A0 1.4 0.05 Class-A Amplifier 90 0 90 1.2 1500000 - - -  
- 

1LN5  
IN5G 1N5G Fintode R.F. Amplifier 5Y 1.4 0.05  

0.05 
Class-A Amplifier 90 0 90  

90 
1.2 1500000 750 1160 - 

1 N6G Diode-Power-Pentode 6-pin O. 7AM 1.4 Class-A Amplifier 90 
90 

-4.5 3.1 300000 800 - 25000 100 IN6G  
Ipso 1P5G Triple-Grid Pentode 5-pin O. 5Y 1.4 0.05 R.F. Amplifier 0 90 2.3  800000 

7.2 70000 
9.5 75000 

800 640 

- 

- - 

105G Tetrode Power Amplifier 5-pin O. 6AF 1.4 0.1 Class-A Amplifier 
85 
90 

-5.0 
-4.5 

85 
90 

1950 
2100 

9000 
8000 

250 
270 

..-. ,, 
'`-‘3" 

1 R4/ 
1294 Uhf Diode • • •  8-pin L. 4AH 

7AT 

1.4 

t4  
1.4 

1.4 

0.15 Rectifier Ma. r.m.s. voltage per plate- 30 Ma. d.c. output current - 340 pa. 1R4/ 
1294 

1125 Pentagrid Converter 7-pin B." 0.05 
0.1 

Osc.-Mixer 90 0 67.5 
673 

3.0 1.7 500000 300 Grid No. 1 100000 ohms 1R5 

1S4 Pentagrid Power Amplifier 7-pin B.» 7AV Class-A Amplifier 90 -7.0  
0 

1.4 7A 100000 
600000 

1575 
625 

- 8000 270 1S4 

155 Diode Pentode 7-pin B." 6AU 0.05 
Class-A Amplifier 67.5 67.5 

90 
0.4 1.6 - - - 

1S5 
Resistor-Coupled Amp. 90 0 Screen resistor 3 meg., g id 10 meg. 

-- 
1 meg. 50" 

1SA6GT R.F. Pentode 8-pin O. 6CA  

6CB 

6AR 

1.4 

1.4 

1.4 

0.05 R.F. Amplifier 90 0 673 0.68 2.45 800000 970 
700000 665 

- - 1SA6GT 

1SB6GT 

1T4 n 
iTsT 

Diode Pentode 7-pin O. 0.05 

0.05 
0.05 

Class-A Amplifier 90 o 67.5 0.38 1.45 - -. - 
1SB6GT 

Resistance-Coupled Amp. 90 0 90 Screen resistor 5 meg., g id 10 marg. 1 meg. 110 1, 

Triple-Grid Variable-p 7-pin B." 
7-pin O. 

Class-A Amplifier 90 
90 

0 
-6.0 

45 0.65 2.0 800000 750 -  
- 

-  
14000 

-  
170 

1T4 
1T5GT Beam Power Amplifier 6AF 

7BE 

1.4 

1.4 

1.4 

Class-A Amplifier 90 1.4  

- 

6.5 - 1150 

387/ 1291 Uhl 1. • Triode win • • •- 8-pin L. 0.22 Class-A Amplifier 90 0 

0 

- 5.2 11350 1850 21 - 
397/ 
1291 

1293 U.h.f. Triode 8-pin L. Fig. 2 II 0.11  

0.22 

Class-A Amplifier 90 - 

90 

30 
45 
30 

- 4.7 10750 1300 14 -  

13000 

-  

0.5 

1293  
3D6/ 
1299 

3D6/ 
1299 

CK501" 

U h 1 Tetrode • ' • 
8-pin L. 6BB 1.4 Class-A Amplifier 135 -6 0.7 5.7 

0.3 
0.28 
0.55 

- 

1000000 
1500000 
500000 

2200 - 

- Pentode Voltage Amplifier None ' 1.25 0.033 Class-A Amplifier 30 
45 

0 
-1.25 
o 

0.C6 
0.055 
0.13 

325 
30, 

- - CK501 

CK502" Pentode Output Amplifier None. 
None. 
None , 

-" 
---" 

1.25 0.033 Class-A Amplifier 30 400 
600 

-  
- 

60000 
20000 

3 CK502 

CK503" Pentode Output Amplifier 1.25 
1.25 

0.033 Class-A Amplifier 30 o 30 
30 
30 
45 

0.33 
0.09 
0.07 
0.08 

1.5 150000 6' CK503 

CK5041. Pentode Output Amplifier -" 0.033  

0.03 

Class-A Amplifier 30 -1.25 0.4 500000 
1100000 
2000000 

350 - 60000 3, CK504 

0(505 Pentode Voltage Amplifier None , -"0.625" Class-A Amplifier 30 
45 

0 
-1.25 

0.17 
0.2 

14 
1500 - - - C8383 



TABLE VIII -1.5-VOLT FILAMENT DRY-CELL TUBES- Continued 

HY145 

HHYY11155 ;Pentode Power Amplifier 

RK42 Triode Amplifier  
fiK43 Twin Triode Amplifier 

Tage Name 
Socket Filament 

Base' Connee   
tiens' Volts Amps. 

CK506'• Pentode Output Amplifier 
CK507'. Pentode Output Amplifier  
C1(509'• Triode Voltage Amplifier  
t1(510' Dual Space-Charge Tetrode  
i-f-Y113 
H y123 Triode Amplifier 

s Pentode Voltage Amplifier 

None - 1.25 0.05 
Norme -- 11 1.25 0.05 
None , - 18 0.625" 0.03 
None 6 - --33 0.625 11  0.05  

5-pin 18.5 5K 1.4 0.07 

5-pin P., 5K 1.4 0.07 

5-pin P., 5K 1.4 0.07 

4-pin S. -4D 1.5 0.6 
6-pin S. 6C--- 1.5 0.12 

Use 
! Plate 
Supply 
Volts 

Class-Ai Amplifier  
Class-Ai Amplifier  
Class-A Amplifier  
Class-A Preamplifier 

Class-A Amplifier 

45 
45 
45 
45 

45 

Class-A Amplifier 

:Class-A Amplifier 

Class-A Amplifier 
Twin Triode Amplifier 

Grid Screen 
Bias Volts 

-4.5 
-2.5 
O 
o 

-4.5 

45 - 1.5 
90 -1.5 
45 - 3.0 
90 - 7.5 

Screen 
Current 
Ma. 

45 0.4 
45  0.21 
- - 
0.2" 

Plate Transe«. 
Ce, en, Plate Resist- A Amp, 
Ma. unce, Ohms .uctance 

Micromhos Factor 

1.25 120000 500 , - 
500 
160 

360000 
0.15 150000 

200 errx 60 mix 

0.4 

500000 

25000 

65 

250 

16 
32.5 

6.3 

22.5 0.008 0.03 5200000 
45 0.1  0.48 1 300000 
45 0.2 0.9 825000 
90 0.5 2.6 420000 450 190 

58 300 
270 370 
310 255 

 Characteristics same as Type 30-Table VI 

1Refer to Receiving Tube Diagrams. 
8M. - medium; S. - small; O. - octal; L. - loktal. 
'Seriez bias is recommended. 
« Obtained from 90-volt supply through 70,000-ohm dropping resistor. 
Per tube. Values to left of diagonal line For no-signal condition; values to 

right are with signal. 
'Special miniature peanut base. 

Type 

12A5 

Name 

Pentode Power Amplifier 

Base , 

7-pin M. 

12A6  
12A7  
12A8GT  
128117GT  
12B6M3  
12B7ML 

Beam Power Amplifier 
Rectifier-Amplifier' 
Pentagrid Converter 
Twin Triode 
Diode Triode 
Pentode Amplifier 

12B8GT Triode-Pentode 

12C8  
12E5GT  
12F5GT  
12G7G  
12H6  
12J5GT  
12J7G7  
12K7G7  
12K8  
12L8GT  
1207GT 
12SA7  
12$C7 

Duplex-Diode Pentode  
Triode Amplifier  
Triode Amplifier  
Duplex-Diode Triode  
Twin Diode  
Triode Amplifier  
Pentode Voltage Amplifier  
Remote Cut-off Pentode  
Triode Hexode Colmater  
Twin Pentode  
Duplex-Diode Triode  
Penaude' Convia*,  
Twin Triode 

7-pin O. 
7-pin M. 
8-pin O. 
8-pin O. 
6-pin O. 
8-pin O. 

8-pin O. 

8-pin O. 
6-pin O. 
5-pin O. 
7-pin O.  
7-pin O.  
6-pin O.  
7-pin O.  
7-pin O.  

8-Pin O.  
8-pin  O. 
7-pin O.  
8-pin O.  
8-pin O. 

Socket 
Connec-
tions I 

7F 

7AC 
7K 
8A  
8BE 
6Y 
8V 

Heater 

135 - 3 4.5 14500 900 13 

Load Power 
Resist , Output 
Ohms Milliwatts 

30000 : 
50000  ' 

10000001 

25 
12  

40000 6.5 

- 

50000 11.5 
28000 90 

Type 

CK506  
CK507 
CK509  
CK510  
HY113 
HY123  
HY115 
HY145 
HY125 
HY155  
RK42 
RK43 

1 With 5-megohm g id resistor and 0.02-pfd, grid coupling condenser. 
No screen connecron. 
Through series resistor. Screen voltage must be at least 10 volts lower 

than oscillator anode. 
lu Special 7-pin "button" base, miniature type. 
"Two tubes connected in series for 1.4-volt operation. 
" Internai shield connected to pin 1. 

TABLE IX - HIGH-VOLTAGE HEATER TUBES 

Volts Amps. 

12.6 0.3 
6.3 0.6  

12.6 0.15 
1,2.6 0.3 
12.6 
12.6 
12.6 
12.6 

Use 

Class-Ar Amplifier 

Class-A Amplifier 
Class-A Amplifier 
Osc.-Mixer 0.15 

0.15 
0.15 
0.15 

onverter and Amplifier 
Class-A Amplifia 
Class-A Amplifier 
Class-A Triode 
Class-A Pentode 
Class-A Amplifier 
Class-A Amplifier 
Class-A Amplifier 
Class-A Amplifier 
Rectifier 
Class-A Amplifier 
Class-A Amplifier 
R.F. Amplifier 
Ose.-Mixer 
Class-Ar Amplifier " 
Class-C Amplifia 
Osc.-Mixer 
Class-A Amplifier 

87 12.6 0.3 

Plate 
Supply 
Volts 

Grid 
Bias 

Screen 
Volts 

100 
180 
250 
135 

250 
250 
100 
100 

-15 
-25  
-12.5 
-13.5 

- 2.0 
- 3.0 
- 1 
- 3 

100 
180 
250 
135 

100 

Voltage gain. "See Supplementary Base Diagrams. 
I. No external shield needed. 
18 Tinned wire leads entend from bottom of tube. Connections 

are labeled on tube. 
11 Space-charge grid resistance megohms - returned to positive 

of plate supply voltage. 
"Hearing aid tubes. AX suffix added. 

Screen Plate 
Current Current 
Ma. Ma. 

Plate Resist-
once, Ohms 

Trans-
conduct-
once 

Micromhos 

3/6.5 17/19 50000 1700 
8/14  45/48 35000  2400  
3.5  30  70000  3000  
2.5 9.0  102000 975  

Cha acteristic same as 6A8-Table I 
Characteristics same as 6AH7G7 - Table I 
- 0.9 91000 1100 
2.6 

100 

9.2 800000 2000 
0.6 73000 1500 

A mp. 
Factor 

100 

100  

Load Power 
Resistance Output 
Ohms Watts 

4500 0.8 
3300 3.4 
7500 3.4  
13500 0.55 

Tyne 

12A5 

12A6  
12A7  
12A8GT 
12AH7GT  
12B6M  
12B7ML 

110 
360 2 e 1 70000 2100 

12B8GT 

8E  
60 
5M 
7V  
60 
60 
7R 
7R 
8K 
8BU 
7V 
8R 
8$ 

12.6 
12.6 
12.6 
12.6 
12.6 
12.6 
12.6 
12.6 
12.6 
12.6 
12.6 
12.6 
12.6 

0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 

Characteristics same as 688-Table I 
250 I - 13.51 - I 50 I --- I 1450 13.8 

250 3.0 I 
Characteristics same as 6F5-Table I 

- I - I - I 58000 I 1200 
Characteristics same as 6H6-Table I 
Characteristics same as 6.15-Table I 
Characteristics same as 6.17-Table! 
Characteristics »me as 610-Table I 
Characteristics same as 6K8-Table I 

70 

180 9.01 180 I 2.8 I 13.0 I 160000 I 2150 I - I 10000 1.0 
Characteristics same as 607-Table 1 
Characteristics same as 6SA7-Table 1 
Characteristics same as 6$C7 - Table 1 

12C8 
12E5GT  
12F5GT  
2G7G  
21-16  
2J5GT  
12J7GT  
2K7GT  
12K8  
12L8GT  
12076T 
12SA7  
19SC7 



TABLE IX - HIGH-VOLTAGE HEATER TUBES - Continued 

Type Name Base' 
Socket 
Connec 
lions ' 

Heater 
Use 

Plate 
Supply 
Volts 

Grid 
Bias 

Screen 
Volts 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance, 
Ohms 

Transcon- 
ductance 
Microinhos 

Amp. 
Fa t-- 
c s" 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Tin» 

Volts Amps. 

0.15 12SF5 High-p Triode 6-pin O. 6AB 12.6 Class-A Amplifier Characteristics same as 6SF5 - Table I 1255 

12SF7 Diode Variable-p Pentode 8-pin O. 7AZ 12.6 0.15 Class-A Amplifier Characteristics same as 6SF7 - Table I 12SF7 

12SG7 Triple-Grid Variable-p 8-pin O. 88C 12.6 0.15 Class-A Amplifier Characteristics same as 6SG7 - Table I 125G7  
12$H7 12SH7 H-F Amplifia, Pentode 8-pin O. 8BK 12.6 0.15 H-F Amplifier Characteristics same as 6SH7 - Table I 

12S17 Pentode Voltage Amplifier 8-pin O. 8N 12.6 0.15 Class-A Amplifier Characteristics same as 6.517-Table I 125.17 

12SK7 Remote Cut-off Pentode 8-pin O. 8N 12.6 0.15 R.F. Amplifier Characteristics same as 6SK7-Table I 12SK7 

12SL7GT Twin Triode 8-pin a  
8-pin O. 

BBD 12.6 0.15 Class-A Amplifier Characteristics same as 6SL7GT-Table II 12SL7GT 

12SN7GT Twin Triode 8BD 12.6 0.3 Class-A Amplifier Characteristics same as 6SN7GT-Table II 12SN7GT 

12S07 Duplex-Diode Triode 8-pin a 80 12.6 0.15 Class-A Amplifier Characteristics same as 6507-Table I 12507 

12SR7 Duplex-Diode Triode 8-pin 0. 80 12.6 0.15 Class-A Amplifier Characteristics same as 6R7-Table I 12SR7 

14A4  
14A5 

Triode Amplifier 8-pin L. SAC 14. 0.16 Class-A Amplifier Characteristics same as 7A4-Table Ill 14A4 

Beam Power Amplifier 8-pin L. 6AA 14' 0.16 Class-Ai Amplifier 250 I 

250 1 

-12.5 250 3.5:5.5 30 32 70000 3000 - 7500 2.8 14A5 

14A7/ 
12137 Triple-Grid Variable-p 8-pin L 

8-pin L. 

8V 

BAC 

14' 

14 

0.16 

0.16 

Class-A Amplifier - 3.0 100 

1 

2.6 1 9.2 800000 

1 1 

2000 

1 

- 

1 

- - 14A7/ 
1287 

14AF7 Twin Triode Class-A Amplifier 250 -10 I - - ' 9 7600 2100 I 16 ' - - 14AFT 

14B6 
14B8 

Duplex-Diode Triode 8-pin L. 8W 14" 0.16 Class-A Amplifier Characteristics same as 786-Table III 1486 

Pentagrid Converter 8-pin L 8X 14' 0.16 Osc.-Mixer Characteristics same as 7138-Table III 14138 

14C5  
14C7 

Beam Power Amplifier 8-pin L. 6AA 14, 0.24 Class-A Amplifier Characteristics same as 6V6-Table I 14C5 

Triple-Grid Amplifier 8-pin L. 8V 14' 0.16 Class-A Amplifier 250 i - 3.0 I 100 I 0.7 I 2.2 I 1000000 i 1575 I - - I - 14C7 

14E6  
14E7 

Duplex-Diode Triode 8-pin L. 8W 14' 0.16 Class-A Amplifier Characteristics same as 7E6-Table Ill 14E6 

Duplex-Diode Pentode 8-pin L. 8AE 14' 0.16 lass-A Amplifier Characteristics same as 7E7-Table III 14E7  
14F7 • 14F7 Twin Triode 8-pin L. BAC 14' 0.16 Class-A Amplifier 

250 
Characteristics same as 7F7-Table Ill 

14H7 Triple-Grid Semi-Variable-p 8-pin L. 
8-pin L. 

8V 
8AR 
BAC 

14' 0.16 Class-A Amplifier - 2.5 I 150 I 3.5 I 9.5 I 800000 I 3800 I - - I - 14H7 

1417 Triode-Hexode Converter 14. 
14" 
14' 

0.16 
0.32 
0.16 

Osc.-Mixer Characteristics same as 7.17-Table Ill 14J7  
14N7 14N7 Twin Triode 8-pin L. Class-A Amplifier Characteristics same as 7N7-Table Ill 

1407 Heptode Pentagrid Converter 8-pin L. BAL Osc.-Mixer Characteristics same as 707-Table III 1407 

14R7 Duplex-Diode Pentode 8-pin L.  
8-pin L. 

BAE 
8I3L 
8V 
8BJ 
6B  
8H 

14 
14' 
14' 
14' 
14' 

0.16 
0.16 

Class-A Amplifier Characteristics same as 7R7-Table Ill 14R7 

14S7 Triode Heptode Osc.-Mixer 250 
300 
300 

-  2.0 I 100 
-2.0150 
- 2.2 150 

3 I 1.8 
3.9 L9.6 
3.9 10 

1 250000 l 525 - 
I 5800 - 

- - 14S7 

14V7 Hi. Pentode 8-pin L. 
8-pin L. 
6-pin M. 
8-pin O. 

0.24 Class-A Amplifier 
Class-A Amplifier 

300000 - - 14V7 

14W7 Pentode 0.24 
0.30 

300000 ' 5800 - - - 14W7 

18 Pentode Class-A Amplifier Characteristics same as 6F6G 18  
20.18GM• 

.20.1111GM2 Triode Heptode Converter 20 

21 

25 
25 

0.15 Osc.-Mixer 250 

150 
135 
100 

- 3.0 100 i 3.4 1.5 

3.5 

Triode Plate (No. 

1900 
2450 
1800 

6) 100 

32 
85 

v. 1.5 ma. 

21A7 Triode Hexode Converter 8-pin L. BAR 

7$ 
8F 

0.16 Osc.-Mixer 
3.0 

- 3.0 
I - 20.0 
-15.0 

1 00 Triode2.8 - - 
4000 

- 21A7 

25A6 Pentode Power Amplifier 7-pin O. 0.3 
0.3 

0.3 

Class-A Amplifier 135 8 37 35000 2.0 25A6 

25A7G Rectifier-Amplifier, 8-pin O.  

6-pin O. 

Class-A Amplifier • 100 4 20.5 50000 90 4500 0.77 25A7G 

25AC5G 

2585 

Triode Power Amplifier 

Direct-Coupled Triodes 

60 25 Class-A Amplifier • 
'110 +15.0 I - - 45 - 3800 58 2000 

3500 
2000 
2000 

2.025AC5G 
165 Used in dynamic-coupled circuit with 6AF5G driver 3.3 

2.0 6-pin S. 
7-pin O. 
8-pin O. 

6D 
7S 
liT 

25 
25 
25 
25 

0.3 
0.3 
0.15 

Class-A Amplifier 110 0 l 110 7 1 45 11400 l 2200 I 25 2585 

2586G Pentode Power Amplifier Class-A Amplifier 95 -15.0 I 95 4 I 45 - I 4000 I - 1.75 25136G 

2588GT Triode Pentode Class-A Amplifier Characteristics same as 12B8GT 25B8GT 

25C6G Beam Power Amplifier 7-pin O. 7AC 0.3 Class-Ai Amplifier 135 -13.5 135 3.5/11.5 58 60 9300 7000 
1100 
1900 

- 2000 3.6 25C60 

25D8GT Diode Triode Pentode 8-pin O. BAF 25 0.15 
Triode AmpliSer 100 - 1.0 - - 0.5 91000 100 - - 

25D8GT 
Pentode Amplifier 100 - 3.0 100 2.7 8.5 200000 - - - 

25L6 Beam Power Amplifier 7-pin O. 7AC  
7W 

25  
25 

0.3  
0.3 

Class-Ai Amplifier 110 - 8.0 110 3.5/10.5 45/48 10000 8000 80 2000 2.2 25L6 

25N6G 

Al 

Direct-Coupled Triodes 7-pin O. Class-A Amplifier 110 0 110 7 45 11400 2200 25 2000  

1500 

2.0  

0.2 

25N6G  

26A7GT Twin Beam-Power Audio 
Amplifier 8-pin O. 8BU 26.5 0.6 

Class-A AmpliRern 26.5 - 4.5 26.5 2/5.5 
2/8.5 

20/20.5 
19/30 

2500 5500 - 
Class-A13 Amplifier, 26.5 - 7.0 26.5 - - - 250011 0.5 



TABLE IX - HIGH-VOLTAGE HEATER TUBES - Continued 

Type 

32L7GT 
35A5 
35L6G 
43 
48 
50A5 
5006G  
50L6GT 
70A7GT 
70L7GT  
II7L7GT/ 
117M7GT 
117N7GT Rectifier-Amplifiers 
117P7GT Rectifier-Amplifier  
1284 U.h.f. Pentode 
1629  Electron-Ray Tube 
1631 Beam Power Amplifier 
1632 Beam Power Amplifier 
1633  Twin Triode 
1634 Twin Triode 
1644 Twin Pentode 
XXD Twin Triode 

Name Base' 
Socket 
Connec-
tions 

Diode-Beam Tetrode5  
Beam Power Amplifier  
Beam Power Amplifier  
Pentode Power Amplifier  
Tetrode Power Amplifier  
Beam Power Amplifier  
Beam Power Amplifie,  
Beam Power Amplifier  
Diode-Beam Tetrode,  
Diode-Beam Tetrode, 

Recliner-Amplifiers 

8-pin O.  
8-pin  L. 
7-pin O.  
6-pin M.  
6-pin M.  
8-pin L. 
7-pin O. 
7-pin O.  
8-pin O. 
8-pin O.  

8-pin O. 

8F  
6AA 
7AC 
68  
6A  
6AA 
7AC 
7AC  
8A131 
8A A  

BAO 

Heater 

Volts 

32.5 
35 
35 
25 
30 
50 
50 
50 
70 
70 

Amps. 
Use 

Plate 
Supply 
Volts 

Grid 
Bias 

Screen 
Volts 

Screen 
Current 
Ma. 

Plate 
Current 
Me. 

Plate Resist-
ance, Ohms 

Trans-
conduct-
once 

Micromhos 
0.3 
0.15 
0.15 
0.3 
0.4 
0.15 
0.15 
0.15 
0.15 
0.15 

117 0.09 

lass-A Amplifier 
Class-At Amplifier 
Class-At Amplifier 
Class-A Amplifier 
Class-A Amplifier 
Class-At Amplifier 
Class-At Amplifier 
Class-A Amplifier 
Class-A Amplifier 
Class-At Amplifier 

110 
110 
110 
95  
96 

110 
135 
110 
110 
110 

Class-A Amplifier 105 

281)7 Double Beam 
Power Amplifier 

8-pin O. 
8-pin O. 
8-pin O. 
7-pin O.  
7-pin O. 
7-pin-0. 
8-pin-0. 

8-pin O. 
8-pin L. 

8-pin L. 

8AV 
8AV 
Fig. 4' 
6RA 
7AC 
7AC 
88D  
13S  
Fig. 7' 
BAC 

117 
117 
12.6 
12.6 
12.6 
12.6 
25 
12.6  
12.6  
12.6 

813S 28.0 

0.09 
0.09 
0.15  
0.15  
0.45  
0.6  
0.15  
0.15  
0.15  
0.15 

Class-A Amplifier 
Class-A Amplifier 
Class-A Amplifier 
ndicator Tube 
Class-A Amplifier 
Class-A Amplifier 
Class-A Amplifier 
Class-A Amplifier 
Class-A Amplifier 
Class-A Amplifier 

- 7.5  
- 7.5  
- 7.5  
-15.0 
-19.0  
- 7.5  
-13.5 
- 7.5  
- 7.5  
- 7.5 

- 5.2 

110 
110 
110 
95 
96 

110 
135 
110 
110 
110 

3  
3/7  
3/7 
4.0  
9.0  
4/11  

3.5'11.5 
4,11 
3.0 
3,6 

40 
40/41 
40/41  
20.0  
52.0  
49/50 
58'60 
49/50 
40 

15000 
14000 
13800 
45000 

10000 
9300 

6000 
5800 
5800 
2000 
3800 
8200 
7000 
8200 
5800 
7500 

Amp. 
Factor 

Load 
Resistance 
Ohms 

2500 
2500 
2500 
4500 
1500 
2000 
2000 
2000 
2500 
2000 

90  

40 43 15000 

105 4/5.5 43 17000 

100 
105 
250 

180 
250 

0.4 IClass-As Amplifier 28 

- 6.0 
- 5.2  
- 3.0 

- 9.0 
- 10  
390 !° 
180 50 

100 
105 
100 

180 

28' 

5300 

82 
80 

Power 
Output 
Watts 

Type 

1.5 
1.5 
1.5 
0.90 
2.0 
2.2 
3.6 
2.2 
1.5 
1.8 

4000 0.85 

5.0 51  16000  7000 
4/5.5  43  17000  5300 
2.5 9.0 800000 2000  
Characteristics same as 6E5-Table IV 
Characteristics same as 616-Table I 

Characteristics same as 25L6 

3000 
4000 

1.2 
0.85 

Characteristics same as 6SN7GT-Table II 
 Cha acteristic same as 6SCi-Table I 
2.8/4.6  13  160000  2150 

9.0 2100 
0.7' 9.0' 
1.2° 18.5° 

16 
10000 1.0 1 
- --
40005 0.08"  
60001, 0.1750 

1 Refer to Receiving Tube Diagrams. 
2 M. - medium; S.-small; O.- octal; L.- loktal. 
5 Metal-sprayed glass envelope. 
Maximum rating, corresponding to 130-volt line 

condition; normal rating is 12.6 it. for 117-v. line. 

For rectifier data, see Table XIII. 
° See Supplementary Base Diagrams. 
76.3-volt pilot lamp must be connected between 

pins 6 and 7. 

TABLE X -SPECIAL RECEIVING TUBES 

32L7GT  
35A5  
3516G  
43  
48  
50AS  
50C6GT 
OL6GT  
0A7GT  
OL7GT  
I7L7GT/ 
17M7GT 
17N7GT 
117P7GT  
1284  
1629  
1631  
1632  
1633  
1634  
1644 

XXD 

28D7 

°Per section (except heater) - resistance coupled, 
P. P. operation - values for both sections, resistance coupled. 

" Cathode resistor- ohms. Plate to plate. 
"Type Y has micanol base. " Each unit. 

Type Name Base , 

4-pin M. 

Socket 
Conner- 
tiens , 

Cathode 
Fil. or Heater 

Use Plate 
SuPPIY 

Volts 

Grid Bi„ Screen 
Volts 

Screen Current 
Ma. 

Plate Current 
Ma. 

Plate Resist- „ cm ohm 
' r 

haw" - ductance 
Micromhos 

Am 
Factc; 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

- 

,,Type 
Volts Amps. 

0.25 00-A Triode Detector 4D Fil. 5.0 Grid Leak Detector  45  
01-A Triode Detector Amplifier 4-pin M.  4D  Fil.  5.0 

-71-2:1 

0.25  Class-A Amplifier 135 
-  
- 9.0 

---  
- 

-  
- 
2.6 
2.2  

- 

1.5  30000 666 20 
13.0  
___ 

-  
- 

-  
- 

00-A 
01-A 

3A4 Power Amplifier Pentode 
3.0 10000 800 

7-pin B. 713B Fil. ° 3.1 Class-A Amplifier 135 
150 

- 7.5 
- 8.4 

90 
90 

- 

14.8 
13.3  

90000 
100000 1900 8008 0.6 

  0.7   

- 

3A4  

3A5 
3A5 H.F. Twin Triode 7-pin B. 78C Fil. 5 11 3:;;  Class-A Amplifier 90 - 2.5 3.7 8300 1800 15 

  0.7   

- --- 
3A8GT Diode Triode Pentode 8-pin O. BAS Fil.' 1.4 

2.8 
0.1 
0.05 

Class-A Triode 90 0 - - 0.15 240000 275  
750 

65  -- - 
3A8GT Class-A Pentode 90 0 90 0.3  1.2  600000  

3B5GT Beam Power Amplifiers 7-pin O. 7AP Fil. a k: 81,8 Class-A Amplifier 67.5 

90 

- 7.0 

- 9.0 

67.5 0.6 
0.8 8.0 

8.7 100000 1650 
1800 

1550 
1450 

-  

- 

- 

---  

5000 

-    
0.2 
8.18 3B5GT 

3C5GT Power Output Pentode 7-pin O. 7AC) MI.' 1:: 3:48 Class-A Amplifier 90 1.4 6.0 - 8000 
10000 

0.24 
0.26 3C5GT 



TABLE X - SPECIAL RECEIVING TUBES - Continued 

TyPe Name Base' 
Socket 
Connec- 
tions' 

Cathode 

Fil. 

Fil. o Heater 
Use 

Plate 
Supply 
Volts 

I Grid Screen 
Bias Volts 

Screen 
Cart 

I 
Plate 
Cutzent Plate Resist-

once, Ohms 

Transcon- 
ductance 
Micrornhos 

A ...... 

E-_,-Z: 
''""" 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type 

3LE4 
- 3LF4 

Volts 

2.8 

Amps. 

3LE4 Power Amplifier Pentode 8-pin L. 6BA 0.05 Class-A Amplifier 90 - 9.0 90 1.8 9.0 110000 1600 6000 0.30 

3LF4 

304 

Power Amplifier Tetrode 8-pin L. 6BB Fil. 6 01 81 Class-A Amplifier 90 - 4 90 1.3 
1.0 1.0 

9.5 
8.0 

75000 
80000 

100000 
120000 

2200 
2000 
2150 
2000 

8000 
7000 

0.27 
0.23 

Power Amplifier Pentode 7-pin B." 7BA FR." 11 8'1 Class-A Amplifier 

ass- Amplifier lA Alifier 

1.7 
9.5 
7.7 
9.5 
7.5 

10000 0.27 
0.24 
0.27 
0.25 
0.27 
0.235 

304 

305GT Beam Power Amplifier 7-pin O. 7AP Fil.' lit 8:t5 

81 

90 _ 4.5 90 1.6 
1.0 

___ 2100 
1800 - 8000 

3°5GT 

3S4 Power Amplifier Pentode 7-pin B.' 7BA Fil." LI' Class-A Amplifier 90 - 7.0 67.5 1.4 
1.1  
- 

7.4 
6.1 

18!) 

500000 1575 
1425 - 8888 

lc A 
- 

10" Triode Power Amplifier 4-pin M. 4D Fil. 7,5 1.25 Class-A Amplifier 425 -39.0 - 5000 1600-  8.0 10200 1.6 10  
11 ,1 2  
20 

11 12 Triode Detector Amplifier 4-pin M. 4D Fil. 1.1 
3.3 
3.3 

0.25 
0.132 

Class-A Amplifier 135 -10.5 - - 3.0 15000 440 
525  
500 

6.6  
3.3 

-  
6500 

-  
0.11 20 Triode Power Amplifier 4-pin S. 4D Fil. Class-A Amplifier 135 -22.5  

- 1.5 
- - 6.5 6300 

22 Tetrode R.F. Amplifier 4-pin M. 4K Fil. 0.132 R.F. Amplifier 135 67.5  
- 

1.3 3.7 325000 160  
8.3 

-  
-- 

-  
- 

22 
26 Triode Amplifier 4-pin M. 4D Fil. 1.5 1.05 Class-A Amplifier 180 -14.5 - 6.2 7300 1150 26 
40 Triode Voltage Amplifier 4-pin M. 40 

8L 

Fil.  

Fil.' 

5.0 
43 

0.25 
0.06 

Class-A Amplifier 180 - 3.0  
- 1.5 

- - 0.2 150000 200 30 - - 40 

4A6G Twin Triode Amplifier 8-pin O. Class-A Amplifier' 90 -  
- 

-  
- 

2.2  
4.6 , 

13300 1500 20 - 4A6G 
2 ' 
7.5 

0.12 Class-B Amplifier 90 0 - - - 8000 1.0 
50 Triode Power Amplifier 4-pin M. 4D Fil. 1.25 Class-A Amplifier 450 

250 
100 

28 
180 
180 
150 
120 

-84.0 -    
150 
100 

- 
2.0 
1.6 

55.0 
7.0800000 
5.5 

1800 2100 3.8 

- 

4350 4.6 50 

6AG527 Pentode R.F. Amplifier 7-pin B." 7BD Htr. 6.3 0.3 Class-A. Amplifier 

R.F. Amplifier 

200" 
1001, 300000 5088 4750 - - - 6AG5 

6A.15 U.H.F. Pentode 7-pin B. 

7-pin B.' 

Fig. 32 Htr. 6.3 0.175 

0.175 

 Class- AB Amplifier 
200's 28 1.2 3.0 90000 2750 250 - - 6AJ5 

Class-AB Amplifier - 7.5 75 - - - - - 28000 1.0 

6AKS '7 

6AK6 

H.F. Pentode 7BD Hit. 6.3 R.F. Amplifier 

Class-A Amplifier 

2001, 120 2.4 7.7 
To 

690000  
420000 
340000 

5100 
43oo 

3500 - - 
6AK5 33016 140 2.2 1800 

1700 
- - 

2001" 120 2.5 7.5  
15.0 

5000 - - 

Power Amplifier Pentode 
U.H.F. Twin Diode 2' 

7-pin B.' 7BK Htr. 
Htr. 

6.3 0.15 180 - 9.0 180 2.5 200000 2300-  - 10000 1.1 6AK6  
6AL5 6A15 7-pin B.' 6BT 6.3 0.3 Detector-  Max. r.m.s. voltage -150. Max. d.c. output current - 10 ma ,i 

6A06 Duodiode Hi-mu Triode 7-pin B.' 7BT Htr. 6.3 

6.3 
6.3 

0.15 Class-A Triode 
250 
100 
250 
80 - 

- 150- 
100 

- 3.0 
- 1.0 
- 8.5 
- 1501' 
- 10016 
1001" 

- - 1.0 
0.8 

58000 
61000 

1200 70 -  
- 

-  
- 

6A06 
---- ---- 1150 70 

6C4 Triode Amplifier 7-pin B.' 6BG Htr. 0.15 
0125 

0.4 

Class-A Amplifier - 
----- 
- 
- 

- - 10.5 
i3.0 
15.0 
10.0 

7700 2200 17 
1-7.- 
55 
55 

- - 6C4 

6F4 Acorn Triode Acorn 7BR Htr.  

Htr. 

Clans-A, Amplifier - 
- 
- 

2900 5800 -  
- 
-  

- 

- 6F4 

8•4  
U.H.F. Grounded-Grid 
R.F. Amplifier 

7-pin B." 780 6.3 

6.3 

Grounded-Grid 
Class-A Amplifier 

4500 
5000 

12000 
11000 

- 
- 6J4 

6J6 28 Twin Triode 7-Pin lil." 7BF Hit. 0.45 Class-A Amplifier 
Mixer, Oscillator 

100 501" - - 8.5 7100 5300 38 

32 

- 6J6 

6N.4,0 U.H.F. Triode Amp. 7-pin B.' - 
40 

Htr. 
Fil. 

6.3 0.2 
0.25 

Class-A R.F. Amplifier 180 
180  
90 

- 3.5 
- 43.0 

- -  
- 

12.0 
20.0 

- 6000 - - 
-b-.7s-i- 

6N4 

71-A Mode Power Amplifier 4-pin M. 5.0 Class-A Amplifier - 1750 1700 3.0 4800 71-A 

992" Triode Detector Amplifier 4-pin S. 4D Fil.  
Fil. 

3.3 
5.0 

0.063 Class-A Amplifier - 4.5 - - 2.5 15500 425 
1800-  

1500 

6.6 - - 99 

112A Triode Detector Amplifier 4-pin M. 4D 0.25 

1.25 

Class-A Amplifier 180 -13.5 - - 7.7 4700 8.5  

5.0 

-  

- 

- 112A 

1828/ 4828 
Triode Amplifier 4-pin M. 4D Fil. 5.0 Class-A Amplifier 250 -35.0 - - 18.0 - - 

182B/ 
482B 

183/ 
483  

Power Triode 4-pin M. 4D Fil. 5.0 1.25 Class-A Amplifier 250 

 180  

-60.0 

- 9.0 

- 

--- 

- 

- 

25.0 

6.0 

18000 

9300 

1800 3.2 

12.5  

4500 2.0 183/ 
483 

485 Triode 5-pin S. 5A Htr. 3.0 1.3  180  Class-A Amplifier 1 350  -  -  485 
864 264 Triode Amplifier 4-pin S. 40 Fil. 1.1 0.25 Cfiss-A Amplifier 90 - 4.5 - - 2.9 13500  

1.5 megohms 

610 

1400 

8.2 - - 

954 7 
Pentode Detector, 

Amplifier 
Special 5813 Hi:. 6.3 0.15 Class-A Amplifier 250 - 3.0 100 0.7 2.0 2000 - - 954 

Bias Detector 250 - 6.0 100 - Plate current to be adjusted to 0.1 ma. with no signal - 
955 

955 7 Triode Detector, 
Amplifier, Oscillator Spacial 5BC Htr. 6.3 0.15 Class-A Amplifier 

250  - 7.0 - - 6.3 11400 2200 25 -  
- 

- 
- 90 - 2.5 - - 2.5 14700 1 1700 25 



TABLE X -SPECIAL RECEIVING TUBES-Continued 

Type Name Base , 

Special 

_Sial 

Special 

Socket 
Connec- 
dons 1 

Cathode 
Fil. or Heater 

Use 
Plate 

Supply 
Volts 

Grid 
Bias 

Screen 
Volts 

Sae" Current 
Ma. 

Plate Current 
Ma. 

Plate Resist- 
ance ohm, 

' 

Transcon- 
ductance 
Miaomhos 

Amp. 
Factor 

1440 

Load 
Resistance 
Ohms 

- 

Power 
Output 
Watts 

- 

Type 
Volts Amps. 

0.15 956, Triple-Grid Variable-µ 
R.F. Amplifier 

5B8 Ht,. 6.3 
R.F. Amplifier 250 - 3.0  

-10.0  
- 5.0 

100 2.7 6.7 700000 1800 
956 

Mixer 250 100 
-- 

-  
- 

- Oscillator peak volts- 7 min. 

957 7 Triode Det., Amp., Om 5BD Fil. 1.25 0.05 Class-A Amplifier 135 2.0 20800 650 13.5 - - 957 

958 7 
950..à, Triode A.F. Amp., Osc. 5BD Fil. 1.25 

1.25 
6.3 
6.3 

0.1 lass-A Amplifier 135 - 7.5 

- 3.0 

- - 3.0 10000 1200 12 - 
958 
958-A 

959 7 Pentode Del., Amplifier Special 5BE Fil. 0.05 Class-A Amplifier 145 67.5 0.4 1.7 800000 600 480 - - 959 
7E5/1201 U.H.F. Triode 8-pin L. 8BN Ht,. 0.15  

0.15 
Class-A Amplifier 180 - 3 - - 5.5 12000 - 36 - -- 7E5/1201  

7C4/1203 7C4/1203 U.H.F. Diode 8-pin L. 
8-pin L. 

4AH 
Fi9.5" 

Htr. Rectifier Max r.m.s. voltage - 150 Max. d.c. output current - 8 ma. 

1204 U.H.F. Pentode Ht,. 6.3 0.15 Class-A Amplifier 250 - 2 100  
67.5 

0.6 1.75 800000 1200 - - - 1204 

1609 Pentode Amplifier 5-pin S. 5B  

7PM 

Fil. 1.1 0.25 Class-A Amplifier 135 - 1.5 0.65 2.5 400000 725 300 - - 1609 

9001 Triple-Grid Detector, 
Amplifier 

7-pin B.5 Ht,. 6.3 0.15 Clau-A Amplifier 250 - 3.0 100 0.7 2.0 Over 1 meg. 1400 - 
-   

-  
- 

- 
- 9001 

Mixer 250 
250-  

- 5.0 100 Ose. peak voltage 4 volts 550 

9002 Triode Del., Amp., Ose. 7-Pin B.' 7TM 

7PM 

Hr. 

Hr. 

6.3 

6.3 

0.15 

0.15 

Class-A Amplifier 
- 7.0 - 

- 
- I 6.3 11400 2200 25 --- - 

9002 
90 - 2.5 - I 2.5' 14700 1700 25 - - 

9003 Triple-Grid Variable-e; 
R.F. Amplifier 

7.pin B.5 Class-A Amplifier 250 - 3.0  
-10.0 

100  
100 

2.7 I 6.7 700000 1800 - -  -  
9003 

9004 
9005 
9006 

Mixer 250 Osc. Peak voltage 9 volts 600 

9004 7  
9005 , 

U.H.F. Diode Special Fig.15" Ht,. 
Ht,. 

6.3  
3.6 

-6.3 

6.3 

0.15 Detector Max. a.c. voltage- 117. Max. d.c. output current-5 ma. 
U.H.F. Diode Special Fig.16" 0.165 

0.15 
Detector Max. a.c. voltage- 117. Max. d.c. output current-1 ma. 

-9006 U.H.F. Diode 7-pin B.,  

9-Pin L. 

6BH 

Fig.14" 

Htr. 

Ht,. 

Detector Max. a.c. voltage - 270. Max. d.c. output current - 5 ma. 
EF-50 High Frequency 

Pentode Amplifier 0.3 I.F.-R.F. Amplifier 250 150" 

100" 

200" 
- 

- 

0 
0  
0 

250 

- 

- 

3.1 10 

25.0 

600000 6300 - - - EF-50 

GL-2C44 
GL-464A  
GL-446A 

  GL-44611  
559 
GL-559 

GL-2C44 
GL-464A 

U.H.F. Triode" 6-pin O. Fig.17 11 Ht,. 6.3 0.75 

0.75 

Class-A Amplifier 
and Modulator 250 

250 
 - 
5.0 

_ 
30 
30 
30 

- 

- 

- 7000 - 
GL-446A 
GL-446B27 

U.H.F. Triode" 6-pin O. Fig.19" Ht,. 

Ht,. 

6.3 

6.3 

0.6251, 
0.6250 
0.625" 

Oscillator, Amplifier 
or Converter 15.0 

24.0 

- 4500 45 -   GL-44611  
559 
GL-559 

- 
559 
GL-559 

U.H.F. Diode" 6-pin O. Fig.18" - 
oar Detector or transmission 

line switch - 

30 

- - - - 
M54 Tetrode Power Amplifier None 7   Fil.  

Fil. 
Fil. 

0.04 Class-A Amplifier 0.06 0.5 1 30000 
200000 

200 26  
25 

35000 0.005 M54 
M64 Tetrode Voltage Amplr None 7   0.02  

0.02 
Class-A Amplifier - - 0.03 110 --- - M64 

M74 Tetrode Voltage Amplifier None 7 Class-A Amplifier 7.0  

-- 

- 

0.01 0.02 500000 125 70 -- - M74 

XXB XXB Twin Triode 
Frequency Converter 7-pin L. Fig. 9" Fil o 71 

'' 

2.8 
/1.4 

/1.6 

0.05 
/0.10 

- 

Frequency Converter° 90" 
0 - 4.5" 

4.5" 
11200" 
11200" 

1300" 
1300" 14.5" - - 

- 3 

-1 

- 
1 4" 
' 1.4" 

1.9 

19000 
1900"  
6700 

760" 
760" 14.5" --- - 

XXFM Twin-Diode Triode 8-pin L. Fi9. 10" Ht,. 6.3 V. 
SÀ:ernecpieileDeretector 

250" -  - 1500  
1000 

100 - -- 
X XFM lows -  

- 
1.2 85000 85 - - 

100 14 - - e. - - - - - 

1 Refer to Receiving Tube Diag ems. 
2 M.-medium; S.-small; O. - octal; L. - loktal. 
5Cathode terminal is mid-point of filament; use series connection 

with 4 volts, parallel with 2 volts. 
Triode' connected in parallel. ' Idling current, both plates. 

'Filament mid-point tap permits series or parallel connection. 
7 "Acorn" type; miniature unbolted tubes for ultrahigh IMIQUIMI. 

ChM. 
Special 7-pin "button" base, miniature type. 

g No base; tinned wire leads. Dimensions 0.36" x 1.10". 
Intended for series-parallel operation on 1.4-volt dry cell. 

tl See Supplementary Base Diagrams. 
"Both Sections. 1, Amplifier plate. 
"Diode plates ( A.C. max. volts per plate). 
" Max. D.C. output. Cathode resistor ohms. 
"Section No. 2 recommended for h.f.o. 
IS Dry battery operation. 
"Section No. 1. " Section No. 2. 

n Series operation; pin 8 is negative á pin 9 positive. 
Parallel operation, pins 1 á 8 tied together for positive. 

22  Highest frequency oscillator. Use 10,000 to 20,000 ohm 
grid-leak in this service. 

" Same as X99. Type V99 is same, but socket connections are 4E. 
"Type 2104 hascramic base. 2° Resonant frequency 700 Mc. 
2« Per plate. " Useful Op to 400 Mc. Useful up to 600 Mc. 
77 "Lighthouse" tube. Has special ring contacts. 
"Useful up to 500 Mc. 



TABLE XI- CONTROL AND REGULATOR TUBES 

Type Name Base ' 

_7-pin B." 
7-pin BM 

Socket 
Conn«. 
lions ° 

Cathode 
Fil. or Heater 

Use 
Peak 
Anode 
Voltage 

Max. 
Anode 
Current' 

- 
- 

Minimum 
Starting 

' Voltage 
Operating 
Voltage 

Operating 
Current' 

Grid 
Resistor 

Tube 
Voltage 
Drop 

ai 

lit» 
Volts Amps. 

0A2 Voltage Regulator Fig. 25" 
Fig. 25" 

Cold - - Voltage Regulator - 185 150 5-30. 
5-3o, 

' - - 0A2 
082 Voltage Regulator  

Gas Triode 
Starter-Anode Type  

Gas Triode 
Glow-Discharge Type 

Cold - - Voltage Regulator - 133 108 - - 0112 

0A4G 6-pin 0 . 

6-pin 0. 

4V Cold - - 
Cold-Cathode Starter-Anode 

Relay Tube 
With 105-120-volt a.c. anode supply, peak starter-anode a.c voltage is 70, . 

peak ri. voltage 55. Peak D.C. ma = 100. Average D.C. ma = 25 0A4G 

1C21 4V Cold - - 
Relay Tube 

125-145 
25 661- 

- 
73 1C21 

Voltage Regulator 1 0.1 " 180" 55 0 
2A4G Gas Triode Grid Type 7-pin O. 5S Fil. 2.5 " 2.5 Control Tube 200 100  

300 

---- - - -  
10000" 

- 
15 2A4G 

284 
-605G Gas Triode Grid Type 

8-pin a 
5-pin M. 

60 
5A 

7BN 

Htr. 
Htr. 

Htr. 

6.3 
2.5 

0.6 
1.4 

Sweep Circuit Oscillator 300 - - 1.0 19 
2B4 

100000" 605G 

2021 Gas Tetrode 7-pin El." 6.3 0.6 
Grid-Controlled Rectifier 
- - - - - 

650 
400 

500 - 650 100 0.1-10,. 8 2D21 
Relay Tube - - --- - 1.00 ---

3C23 

17 

3C23 Gas and Mercury Vapor 
Grid Type 4-pin M. 3G Fil." 2.5 

2.5 

7.0 Grid-Controlled Rectifier 1000 

7500,- 
- 250-0 

6000 

2000 

  -  
- 

- 500 1500 -4.5" 15 
-  
- 

100 1500 -2.5" 15 

17 Mercury Vapor Triode 4-pin M. 3G Fil. 5.0 Grid-Controlled Rectifier 
- 500 200-3000 - 

-5" 1000 250 - 10-24 
874 Voltage Regulator 4-pin M. 4S -  

- 
-  
- 

- Voltage Regulator ° - ---- 125  
- 

90 10-50 - - 874 
876 Current Regulator Mogul -  

60 

- Current Regulator' - --- 40-60 1.7 - -- 876  

884 884 Gas Triode Grid Type 6-pin 0. Htr. 6.3 0.6 

1.4 

Sweep Circuit Oscillator 300 300 - - 2 25000 1 -  
- Grid-Controlled Rectifier 350 300 --- - 75 25000 1 

885 Gas Triode Grid Type 5-pin S. 5A Htr. 2.5 Samo as TM> 884 Characteristics same as Type 884 885 
886 Current Regulator Mogul - - 

I. 
- - Current Regulator ° -- - - 40-60 2.05 - -- 886 

967 Mercury Vapor Triode 4-pin M. 
Bayonet"  
8-pin O. 

3G 2.5 5.0 Grid-Controlled Rectifier 2500 500  
-  
500 

-5" - - - 10-24 967 
991 eft Voltage Regulator  

Gas Tetrode 
- - - - Voltage Regulator - 

eo 

87  
- 

55-60  
- 

2.0 
100 

- - 

2080 8BA Htr. 
Htr. 

6.3 0.6 Grid-Controlled Rectifier 0.1-10" 8 2050 
2051 Gas Tetrode 8-pin O. 8BA 6.3 0.6 Grid-Controlled Rectifier 

Relay Tube 

350 375 - - 75 0.1-10" 

3000 

14  

13 

- 
  128AS  

KY21 

2051  
2523N1/ 

  128AS  
KY21 

2523N1/ 
128AS  

KY21 

Gas Triode Grid Type 5-pin M. 5A Htr. 2.5 1.75 400 300 - - 1.0 

Gas Triode Grid Type 4-pin M. -  Fil. 2.5 10.0 Grid-Controlled Rectifier - - - 3000 500 - 

RK62  
RM208 

Gas Triode Grid TYPe 4-pin S. 40 Fil.  
Fil. 

1.4  
2.5 

0.05 Relay Tube. 45 1.5  
1000  
5000  
-  
- 

- 30-45 0.1-1.5 - 15 RK62 

Perrnatron 4-pin M. -  5.0 Controlled Rectifier' 7500 °  
7500.  
- 

-  
- 

-  
- 

-  
- 

-  
- 

15  
15 

RM208  
RM209 RM209 Permatron 4-pin M. -  Fil. 5.0 10.0  

-  
- 

Controlled Rectifier'  
Voltage Regulator 0A3/YR75 Voltage Regulator 6-pin O. 4A1  

4A.1 
Cold  
Cold 

- 
- 

105 75 5-40. - - 0A3/1175 

083/YR9r 
0C3/00105 

Voltage Regulator  
Voltage Regulator 

6-pin O. Voltage Regulator - 125 90 5-40'  
5-40. 

- - 083/T890 
6-pin O. 4AJ Cold - - Voltage Regulator - - 135 105 - - 0C3/11105 

003/YRI50 Voltage Regulator 6-pin O. 4A1 Cold - - Voltage Regulator - 
10000 

- 185 150 5-40' - - OD3/YRISO 

KY866 Mercury Vapor Triode 4-pin M. Fig. 8" Fil. 2.5 5.0 Grid-Controlled Rectifier 1000 3 0-150 - - - - KY866 

M.- medium; S. - small; O. - octal;, B. - button-base 
miniature. 

Refer to Receiving Tube Diagrams. In ma. 
' Not less than 1000 ohms per grid volt; 500,000 ohms max. 
'For use in series with power transformer primary. 
"For use as self-quenching super-regenerative detector with high-

resistance relay ( 5000-10000 ohms) in anode circuit. 
For use as grid-controlled rectifier or with external magnetic 

control. RM-208 has characteristics of 866, RM-209 of 872 
'When under control peak inverse rating is reduced to 2500. 
'Sufficient resistance must be used in series with tube to limit 

current to maximum current rating. 
,° Refer to Transmitting Tube Diagrams. 
" At 1000 anode volts. 
" At 350 anode volts and 0 Grid No. 2 volts. 
" At 650 anode volts and 0 Grid No. 2 volts. 

"Candelabra type, double contact. " Grid. 
II Filament voltage should be applied 2 seconds before using. 
" Grid tied to plate. "Megohms. 
Heating time 15 seconds. " Grid voltage. 

"Special 7- pin button- base miniature. 
"Refer to supplementary base diagrams. 
2, Mirimum. Maximum. 
" Peak inverse voltage. 



TABLE XII - CATHODE-RAY TUBES AND KINESCOPES 

TYPo Name 
Socket 
Connec 
lions 

Heater 

Volts 

2AP1 

3AP1 / 

Electrostatic Cathode-Ray 

Electrostatic Cathode-Ray 

3BP1-
4-11 Electrostatic Cathode-Ray 

118 

7AN 

6.3 

2.5 

14A 6.3 

Amps. 
Use Size 

0.6 

2.1 

Oscillograph 
Television 

Oscillograph 

0.6 

3EP1 / 
1806-P1 

3GPlis 

Electrostatic Cathode-Ray 11A 

Electrostatic Cathode-Ray 

3JP1-
2-4-11 

5AP1 / 
1805-P1 
5AP4/ 
1805-P4 

513P1/ is 
1802-P1 

Electrostatic Cathode-Ray 

11A 

148 

Electrostatic Picture Tube 

Electrostatic Picture Tube 

5CP1i, Electrostatic Cathode-Ray 

11A 

11A 

148 

6.3 

6.3 

6.3 

6.3 

0.6 

Oscillograph 

Oscillograph 
Television 

2" 

3" 

3" 

3" 

Anode Anode 
No. 2 No. 1 
Voltage Voltage 

1000 250  
500 125  

1500 430 
1000 285 
600  170  

2000 575 

0.6 

0.6 

0.6 

6.3 0.6 

Oscillograph 

Oscillograph 

6.3 0.6 

5FP1 Electromagnetic Cathode-Ray 

5HP1 
5HP4 Electrostatic Cathode-Ray 

5JP1i, Electrostatic Cathode-Ray 

SAN 

11A 

11E 

5LP1i, Electrostatic Cathode-Ray 

5MP1 Electrostatic Cathode-Ray 

5RP1 
-2-4-11 Electrostatic Cathode-Ray 

11F 

7A N 

Fig. 34 

6.3 

6.3 

6.3 

6.3 

0.6 

Oscillograph 
Television 

3// 

1500 
2000 
1500 

1 500 

1000 

2000 

Grid 
Voltage 

- 60 
- 30 

Grid 
No. 2 
Voltage 

Signal-
Swing 
Voltage 

Max. 
Input 

Voltage , 

Screen 
Input 
Power 

660 

- 50 
- 33 
- 20 

- 60 
- 45 
- 60 
- 45 

430 
575 
430-

350 

234 

575 

- 50 

- 33 

- 60 

1500 

2000 

430 

575 

- 45 

- 35 

1500 430 

Oscillograph 

Oscillograph 
felevision 

Oscillograph 
Television 

5" 

5" 

5" 

0.6 

0.6 

Oscillograph 

Oscillograph 

0.6 

2.5 2.1 

Oscillograph 
Television 

Oscillograph 

6.3 0.6 Oscillograph 

7AP4  lElectromagnetic Picture Tube 

78P1 Electromagnetic Cathode-Ray 
-2-4-11 5AN 

2.5 2.1 Television 

6.3 0.6 Oscillograph 
Television 

5" 

5" 

5" 

5" 

2000 450 

- 27 

- 40 

1 500 

2000 
1500 
-2000 

7000 

337 

- 575 
430 

- 575 

250 

- 30 

- 60 
- 45 
- 60 

- 45 

4000 

2000 
-1500-

2000 

250 

425 
310 

520 

1500 

2000 
1500 
1000 
1500 

1000 

3000 
5" 

2000 

7" -3500--

7000  

4000 

390 

- 45 

- 40 
- 30 

- '/5 

- 56 

- 60 
- 45 
- 30 

- 50 

500 
375 

- 250 

- 375 

550 

55.0 

550 

550 

550 

500 

500 

550 

10 . 

Deflection 
Semi ivity  

DI D2 Da D4 

0.11  0.13  
0.22 0.26  

0.22  0.23  
0.33 0.35 
0.55 

0.13 
0.17  
0.115 
0.153 

0.21 

Anode 
No. 3 
Voltage 

Pattern 
Color , 

Type 

10 

250 - 33 

575 

1000 

250 

- 90 

- 60  

-67.5 

500 

500 

500 

660 

- 45 

1200 

10 

0.32 

0.13 

0.17 

0.17 

0.23 

0.3 

0.4 

0.28 
0.37 
0.36  

0.58 

0.17  
0.23  
0.154 
-0.205 

0.24 

0.36 

0.17 

0.23 

0.21 

0.28 

0.33 

0.45 

Green 

Green 
Blue 
White 

2AP1 

3AP1/ • 
906-P1 

Green 3BP1-
4-11 

Green 3EP1 / 
1806-P1 

4000 

3000 

White 
Green 
Blue 
Green 
Blue 
White 

3GP1 

3JP1-
2-4-11 

Green 

White 

5AP1/ 
1805-P1 
5AP4/ 
1805-P4 

Green 
White 
Blue 

5BP1 / 
1802-P1 

0.32 
-0.43  
0.41  

0.3  
0.4  

0.25 

4000 
3000 
2000 

White 
Green 
Blue 

Green 
White 
Blue 
Green 
White 
White 
Green 
Blue 

0.33 
0.44 

0.28 4000 

0.33 

0.25 
0.33 
0.49 

0.39 

0.58 

0.37 

0.28 
0.37 
0.56 

0.42 

0.64 

3000 

5CP1 

5FP1 
-2-4-11 

5HP1 
5HP4 

5JP1 

4000 
3000 
2000 

White 
Green 
Blue 

5LP1 

0.12 

0.18 

0.12 

0.18 

2.5 

15000 

- 10000 

250 - 45 

White 
Green 
Blue 
Green 
White 
Blue 
White 
White 
Green 
Blue 

5MP1 

5RP1 

7AP4  

7BP1 
2-4-11 



TABLE XII - CATHODE-RAY TUBES AND KINESCOPES - Continued 

Type Name 
Socket 
Conn«. 
lion, ' 

Fleeter 
Use Size 

Anode 
No. 2 
Voltage 

Anode 
No. 1 
Voltage 

Cut-00 
Grid 

Voitage 1 

Grid 
No. 2 
Voltage 

Signal- 
Swing 
Voltage 

Max. 
Input 

Voltage * 

Screen 
Input 
Power' 

.D__eIlec,I!c.a. 
eu"s"vitY " 

An ode 
No. 3 
Voltage 

ra""'" 
Color 0 

TYPe 

Volts' Amps. D, Ds Ds D, 

7CP1 
1811-P1 

Electromagnetic Cathode-Ray 6AZ 6.3 0.6 Oscillograph 7" 
7000 1470 - 45 250 - - -  

- - Green1811-P1 
7CP1 , 

4000 840 - 45  
1425 - 40 

250 - -- 

9AP4/ 
1804-P4 

Electromagnetic Picture Tube 6AL 2.5 2.1 Television 9" 
7000 
6000 

250 25 - 10 - 

- 

- 

- _ 

- White 9AP4/ 1804-P4 1225  
-- 

- 38 

9CP4  Electromagnetic Picture Tube 4AF  

8BR 

2.5 

2.5 

2.1  

2.1 

Television 9" 7000 -110 - 25 -  

3000 

10 - White 9CP4 

1809-P1 
Electrostatic-Magnetic Cathode-Ray Oscillograph 9" 

5000 1570 
- 7-8-5 

- 90 

250 

_ ____ 0.136 --- 
- 

Green 9JP1 / 
1809-P1 - 45  

75 

0.272 

12AP4' 
1803-P4   

Electromagnetic Picture Tube 6AL 2.5 2.1 Television 12" 
7000 
6000 
7000 

1460 25 - 10 

10 

- 

- 

- - White 

White 

 1803-P4  
12AP4/ 

 1803-P4  1240  
- 12CP4  Electromagnetic Picture Tube 4AF 2.5 2.1 Television 12" -110 -  25 - - - 12CP4 

12DP4 Electromagnetic Cathode-Ray 5 AN 6.3 0.6 Television 12" 

2" 

7000 250 
- 4000 250 

- 45 
White 12DP4 

902 
- 45 

350 
902  Electrostatic Cathode-Rey Fig.1" 6.3 

IT 

0.6 Osallograph 600 150 - 60 -  
250 

- 5 0.19 0.22 - Green 

903 10 Electromagnetic Cat Rey 6AL 2.1 Oscillograph 9" 7000 1360 -120 - - 10 - - -  Green  903 

904 Electrostatic-Magnetic Cathode-Ray Fig. 3" 
Fig. 6" 

2.5 2.1 Oscillograph 5" 4600 970 - 75 250 - 4000  10  0.09  - -  Green  
Green  
Blue 

904  
903 

905  Electrostatic Cathode-Ray 2.5 2.1 Oscillograph 5" 2000 450 - 35 - - 1000 10 0.19 0.23 - 

907 Electrostatic Cathode-Ray Fig. 6" 2.5 2.1 Oscillograph 5" Charade istics same as Tyne 905 
_ _ - 907 

908 Electrostatic Cathode-Ray 7A N t5 2.1 Oscillograph 3" Characteristics same as Type 3AP1/906P1 
_ Blue  

Blue  
Blue  

Green 

908  
909 

909 10 Electrostatic Cathode-Ray Fig. 6" 23 2.1 Oscillograph  
Oscillograph 

5" 
3" 

Characteristics same as TYPO 905 - - - 

910 10 Electrostatic Cathode-Ray 7A N  
7A N 

2.5 
2.5 

2.1 Characteristics same as Type 3AP1 i 906P1 - 

- 

-  

- 

-  

- 
910 
911 911 10 Electrostatic Cathode-Ray 2.1 Oscillograph 3" 

10000 
Characteristics 

2000 - 66 

same as Type 3AP11906P1 7 

912 Electrostatic Cathode-Ray Fig. 8" 2.5 2.1 Oscillograph 5" 250 - 7000 10 0.041  0.051  -  Green  912 

913 Electrostatic Cathode-Ray Fig. 1" 6.3 0.6 Oscillograph 1" 500  
7000  
6000 
3000 

100 - 65 - - 250 5  0.07 0.10  -  Green  913 

914 Electrostatic Cathode-Rey Fig. 12" 2.5 2.1 Oscillograph 9" 1450 - 50 250 - 3000  10  0.073  
- 
- 

0.093  
- 

-  
- 

Green  
Yellow 

914 
1800 1800 10  Electromagnetic Kinescope 6AL 2.5 2.1 Television 9" 1250 - 75 250 25 -  

- 
10  
10 

1801 n Electromagnetic Kinescope Fig. 13" 
Fi 9. 2" 

2.5 
6.3 
63 

2.1 Television 5" 450 - 35 - 20 - - Yellow 1801 
2001  
2002 2001 Electrostatic Cathode-Rey 0.6  

0.6 
Oscillograph 1" Characteristics essentially same es913 

2002 Electrostatic Cathode-Ray  Fig. 1" Oscillograph 2" 600 
2000 
600 

120   
- 

0.16 0.17 - Green 

2005  Electrostatic Cathode-Ray Fig.1 11.2 2.5 2.1 Television 5" 1000 - 35 200 
- 

- 10 0.5 0.56 - - 2005 

24- CH Electrostatic Cathode-Ray Fig. 1" 6.3 OA Oscilloscope 2" 120 - 60 - - 10 0.14 0.16 - Blue 24-XH 

1 Refer to Receiving Tube Diagrams. 
2 For current cut-off. In terms of average center values; should be 

adjustable to 50 per cent to take care of individual tubes. 
Control grid should never be allowed to go positive. 

'Between Anode No. 2 and env deRecting plate. 
'In mw. sq. cm., max. In mm. volt d.c. 
'Phosphorescent material used in screen determines persistence 

as wel as color. P1 is phosphor of medium persistenc, P2 
long, P3 also medium but especially suited for television, 
P4 same as P3 but white, and PS short persistence for os-
cillographic use. P11 long, higher photographic and visual 
efficiency. 

The 911 is identical to 906 except for the gun material, which is 

designed to be especial y free horn magnetization effects. 
Cathode connected to pin 7. 
Obsolete type. 

" See Supplementary Base Diagrams. 
Also available in P4, PS and P11. 

'° Also available in P2, P4, PS and P11. 



TABLE XIII - RECTIFIERS-RECEIVING AND TRANSMITTING 

See also Table XI - Control and Regulator Tubes 

TYP• 
No. Name ame Bes.' 

Socket 
Conn«. 

4J 

Cathoe d 
Fil. or Heater Max. 

A.G. 
Voltage 
Per Plate 

D.C. 
Output 

M ne' GOM eak 
Ma. 

Max. 
IPn vere s 

Voltage 

Peak 
Plt 

Cunaeent 
Ma. 

Ty 
Volts Amps. 

BA Full-Wave Rectifier 4-pin M. Cold 
Cold 

- - 350 350 Tube drop 80 v. G 
BH Full-Wave Rectifier 4-pin M. 4J - - 350 125 Tube drop 90 v. G 
BR Half-Wave Rectifier 4-pin M. 4J  

4P 
Cold  
Fil. 

- -  
3.0 

300 50 Tube drop 60 v. G 
CE-220 Half-Wave Rectifier 4-pin-M. 2.5 - 20 20000 100  

200 
V  
G 
M  
V 

OZ4 Full-Wave Rectifier 6-pin O. 
4-pin S. 
4-pin S. 

4R Cold - - 350  
350 

30-75 1250 
P Half-Wave Rectifier 4G 

4G 
Hi,. 6.3 0.3 50 1000 400  

- 1-V8  
11348 

Half-Wave Rectifier Htr. 
Cold 
Fil:-  

6.3  
- 
2.5 

0.3 350 50 - 
Half-Wave Rectifier 7-pin B. - - 800 6 2700 50 G 

2V3G Half-Wave Rectifier 6-pin O.  
5-pin O. 

68A 5.0 - 2.0 16500 12 V  
V 2W3 Half-Wave Rectifier 4X Fil. 2.5 1.5 350 

4500" 
55 - - 

2X2/879 Half-Wave Rectifier 4-pin M. 4AB 
4P 
48  

T-4A' 

Fil. 2.5 1.75 7.5 -- - V 
2Y2 Half-Wave Rectifier 4-pin M. Fil. 2.5 1.75 4400'1  

350 
5.0 - - V 

2ZZ/G84  

3824 

Half-Wave Rectifier 4-pin M. Fil. 2.5 1.5 50 - -  
300 
150 

V 

v Half-Wave Rectifier 4-pin M. Fil." 5.0 
2.5 

3.0 
3.0 
5.0 

- 
- 

60 
30 

20000 
20000 

31325 Half-Wave Rectifier 4-pin M.  
8-pin O. 

4P  
Fig. 31 

Fil. 2.5 - 500 4500 2000 G 
31326" Half-Wave Rectifier Htr. 2.5 4.75 - 20 15000 8000 V 
DR-3827 Nall-Wave Rectifier 4-pin M. 46 Fil.  

Fil. 

2.5 

5.0 

5.0 3000 250 8500 1000 V 

V 5R4GY Full-Wave Rectifier 5-pin M. ST 2.0 900 18 
950 '8 

150 " 
175 '8 

 2800 650 

574 , Full-Wave Rectifier 5-pin O. 5T FIL 5.0 3.0 450 250 1250 800 V 
5U4G Full-Wave Rectifier 8-pin O. ST Fil. 5.0 3.0 Same as Type 5Z3 V 
5V4G Full-Wave Rectifier 8-pin O. 

5-pin O. 
4-pin M. 
8-pin 0.  
5-pin O. 

5L Htr. 5.0 
5.0 

2.0 Same as Type 83V v 
V 
V 

SW4 Full-Wave Rectifier 57 Fil. 1.5 350 l 110 1000 - 
5X3 Full-Wave Rectifier 4C 

50-  
Fil. 5.0  

5.0 

2.0 1275 I 30 - - 
5X4G Full-Wave Rectifier F11. 3.0 Same as 5Z3 

Type 80 
V 

5Y3G Full-Wave Recliner 5T Fil. 
- FM 

5.0 2.0 
2.0 

Same as V 
5Y4G Full-Wave Rectifier 8-pin O. 50 5.0 Same as Type 80 v 
5Z3 Full-Wave Rectifier 4-pin M. 4C F11. 

Hlr. 
5.0 3.0 

2.0 

500 250 
125- 

1400 
110-15- 

- V 
V 5Z4 8 Full-Wave Rectifier 5-pin O. 

6-pin a 
5L 
6$ 

6$ 

- 5.0 400 - 
6W5G Full-Wave Rectifier Htr. 6.3 0.9 350 100 1250 350 V 
6X5 8  
6Y5 

Full-Wave Rectifier 6-pin O. Ht,. 6.3 0.5 350 75 - - 
- 
- 

V 
Full-Wave Rectifier 6-pin S. 

4-pin M. 
61 Htr. 6.3 0.8 350 50 - V  

V 
V  
V 

6Z3 Half-Wave Rectifier 4G Fil. 6.3 0.3 350  
230 

50 
60 

- 
6Z5 Full-Wave Rectifier 6-pin S. 6K 

- 65 
Htr. 6.3 0.6 - - 

6ZY5G Full-Wave Rectifier 6-pin O. 
8-pin L.  

8-pin L. 

7-pin S. 

Htr. 6.3 0.3 350 35 1000 150 
7Y4 Full-Wave Rectifier 5A8  

5A8 

Htr.  

Hit. 

7.0"  

7.0" 

0.53 350 60 - - V 

7Z4 Full-Wave Rectifier 0.96 lq? sy, 100 1250 300 V 

12A7 Rectilier-Pentode " 7K Htr. .12.6 0.3 125 30 - - V 
12Z3 Half-Wave Rectifier 4-pin S.  

7-pin M. 
4G  _ 

- 7L  

5A8 

Hit. 12.6 0.3 250 60 - - V 
12Z5 Voltage Doubler H6. 

Htr. 

12.6 0.3 225 60 - - V  

V 

V 

V 

14Y4 Full-Wave Rectifier 8-pin L. 14" 

14" 

25 

0.32 2 75$ ro 70 1250 

- 

210 

- 14Z3 Half-Wave Rectifier 4-pin S. 

8-pin O. 

4G Htr. 0.3 250 60 

25A7G Rectifier-Pentode" 8F Htr. 0.3 125 75 - - 
25X6GT  

25Y4GT 

Voltage Doubler 7-pin 0. 70 Htr. 25 0.15 125 60 - - V 
Half-Wave Rectifier 6-pin O. 5AA  

6E  
4G  
5AA  
6E 

Ht,. 25 0.15 125 75 - - V 
25Y5 Voltage Doubler 6-pin S.  

4-pin S. 

Htr. 25 0.3 250 85 - - V 
25Z3  
25Z4 

Half-Wave Rectifier Htr.  

Fitt 
25 0.3 250 50 - - V 

Half-Wave Rectifier 6-pin 0. 
6-pin S. 
7-pin 0.  

8-pin L. 

8-pin O. 

25 0.3 125 125 - - V 
25Z5 Rectifier-Doubler Htr. 25 0.3 125 100 - 500 V 
25Z6 Rectifier-Doubler 70  

5AS 

IIF  

SAL 

4Z  
SAA 

Fib.  

HO. 

25  

28 

0.3 125 100 -  

- 

500 V 

28Z5 Full-Wave Rectifier 0.24 450" 
3250   
125  

235 

100 

60 

goo 

300 V 

32L7GT  

35Y4 

Rectifier-Tetrode 14 Hit. 32.5 0.3 - - V 

Half-Wave Rectifier 8-pin O. Htr. 

Hit. 

35 8 0.15 700 

700 

600 V 

3523" Half-Wave Rectifier 8-pin L. 35 0.15 250" 100 
100 

600 V 
35Z4GT Half-Wave Rectifier 6-pin O. lib- 35 0.15 250 - V 

35Z5G Half-Wave Rectifier 6-pin O. 6AD 

70  

6AD 

SAM  

6AD 

70 

Hit 

Ht. 

35 8 

35-  

0.15 125 egoi, 

110 

- - V 

V 35Z6G Voltage Doubler 6-pin 0.  

6-pin O. 

0.3 125 - 500 

40Z5GT 

45Z3 

Half-Wave Rectifier Elb. 

1-10.  

Htr. 

40 8 

45 

0.15 125 M t. - - V 

Half-Wave Rectifier 7-pin B. 0.075 117 65 350 390 y 
45Z5GT 

50Y6GT 

Half-Wave Rectifier 6-oin O. 45 ' 0.15 125 ego. - -  
---   

- 

V 

V  

V 

Full-Wave Rectifier 7-pin 0. 1-16. 50 0.15 125 85 - 

50Z6G Voltage Doubler 7-pin 0. 70 Htr. 50 0.3 125 150 - 
50Z7G Voltage Doubler .8-pin 0. 8AN Htr. 50 0.15 117 65 - - V 
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TABLE XIII - RECTIFIERS-RECEIVING AND TRANSMITTING- Continued 

See also Table XI - Conerol and Regulator Tubes 

Type 
No. 

70A7GT 

Name 

Rectifier-Tetrode" 

Base , 
Socket 
Connec-
!Ions , 

8-pin O. 8A8 

Cathode 

Ht,. 

Fil. or Heater 

Volts 

70 

Amps. 

Max. 
A.C. 

Voltage 
Per Plate 

D.C. 
Output 
Current 
Ma. 

Max. 
Inverse 
Peak 

Voltage 

Peak 
Plate 

Current 
Ma. 

TYPe 7 

0.15 

70L7GT Rectifier-Tetrode 14 8-pin O. 

72 

73 

Half-Wave Rectifier 

Half-Wave Rectifier 

4-pin M. 

8-pin O. 

8AA 

4P 

4Y 

Ht,. 

Fil. 

Fil. 

80 Full-Wave Rectifier 4-pin M 

81 Half-Wave Rectifier 

82 

83  

83-V 

84/6Zi  

117L7GT/ 
117M7GT 
117N7GT 
117P7GT 
117Z4GT 
117Z6GT 
217-A  
217-C  
Z225 I 4  
HK253  
705A 
RK-705A" 
816 
836  
866A/866 
8668 
86611. 

HY8661r.  
RK866  
871"  
878" 
879 u 
872A/872 
975A  
OZ4A/ 
1003  
1005/ 
CK1005  
1006/ 
CK1006  
CK1007  
CK1009 
BA 
1616 

1641 
RK60 

8008  
8013A2'  
8016  

8020 

RK19 
RK21 
RK22 

Full-Wave Rectifier 

Full-Wave Rectifier 

Full-Wave Rectifier 

Full-Wave Rectifier 

Rectifier-T*0de " 

Rectifier-Tetrode "  
Rectifier-Tetrode "  
Half-Wave Rectifier 
Voltage Doubler  
Half-Wave  Rectifier  
Half-Wave Rectifier  
Half-Wave Rectifier  
Half-Wave Rectifier  

Half-Wave Rectifier 

4-pin M. 

4-pin M. 

4-pin M. 

4-pin M. 

5-pin S.  

8-pin O. 

Half-Wave Rectifier  
Half-Wave Rectifier  
Half-Wave Rectifier  
Half-Wave Rectifier  
Half-Wave Rectifier  
Half-Wave Rectifier  
Half-Wave Rectifier  
Half-Wave Rectifier  
Half-Wave Rectifier  
Half-Wave Rectifier  
Half-Wave Rectifier  
Half-Wave Rectifier  

Full-Wave Rectifier 

Full-Wave Rectifier 

8-pin O. 
8-pin O.  
6-pin O.  
7-pin O.  
4-pin J.  
4-pin J.  
4-pin M.  
4-pin J.  

4-pin W 

4-pin S. 
4-pin M. 
4-pin M. 
4-pin  M. 
4-pin M. 
4-pin M.  
4-pin M.  
4-pin M. 
4-pin M. 
4-pin S. 
4-pin J.  
4-pin J.  

8-pin O. 

4C Fil. 

70 0.15 

2.5 3.0 

125 60 

117 70 350 

V 

V 

2.5 4.5 

5.0 2.0 

48 Fil. 7.5 

4C 

4C 

4AD 

5D 

13A0 

8AV 
8AV 
SAA  
70 

T-3A 
T-3A  
4P  
T-3A  

T-3 AA 

4P 
4P 
4P 

4P 
48 
4P . 711, 

4P 

4P 
4P 

T-3A  
T-3A  

4R 

8-pin O. T-9F 

Full-Wave Rectifier 

Full-Wave Rectifier  

Full-Wave Rectifier 

Half-Weve Rectifier 

Full-Wave Rectifier 

4-pin M. 

Half-Wave Rectifier  
Half-Wave Rectifier  
Half-Wave Rectifier  

Half-Wave Rectifier 

8-pin O.  

4-pin M. 

4-pin M.  

4-pin M. 

4-Pin"  
4-pin M.  
6-pin O.  

4-pin M. 

Full-Wave Rectifier  
Half-Wave Rectifier  
Full-Wave Rectifier 

4-pin M. 
4-pin  M. 
4-pin M. 

4C 

T-9G 

Fil. 

Fil. 

Ht,. 

Ht,. 

2.5 

1.25 

350" 
500,2 

700 

30 

20 

20000 

13000 

150 

3000 

V 

V 

125 
125 

85 

140.0 375 V 

V 

3.0 500 125 1400 400 

5.0 

5.0 

6.3 

3.0 500 250 

2.0 400 200 

0.5 350 60 

1400 

1100 

1000 

800 

V 

Hit 117 0.09 117 75 

V 

V 

Htr. 
Ht,.  
Ht,. 
Ht,. 
Fil. 
Fil.  
Fi I. 
Fil. 

Fil. II 

Fil. 
HO. 
Fil. 
Fil. 
Fit. 
Fil. 55 
Fil. 
Fil. 
Fil. 
Fil. 
Fil. 
Fil. 

4P 

T-4AG 

Fig. 11" 
4P 
4Y 

4P 

Cold" 

Fil. 

Fil. 
Fil. 
Fil. 

117 
117-
117  
117 
10  
10 
2.5 
5.0 

5.0 
2.5 
2.5 
2.5  
5.0  
2.5  
2.5 
2.5  
2.5 
2.5 
2.5  
5.0  
5.0 

6.3 

1.75 

1.0 

2.5 

5.0 

Fil. 

T-3A 
4P 

T-4AG 4 

5.0 
2.5 
1.25 
5.0 
5.8 

0.09 
0.09  
0.04  
0.075 
3.25  
3.25  
5.0  
10  
5.0 
5.0  
2.0 
5.0  
5.0 
5.0  
2.5  
2.5  
5.0  
2.0  
5.0  
1.75  
7.5  

10.0  

117 
- 117 

117 

75 
75 
90 
60 235 

1750 

250 4. 
350  
50 

100  
125  

250 

1250 
1750-

250, 
250, 
250 40 

250 

350 
350  
350  
700 

3500 
7500  
10000 
10000 
35000 
35000  
5000 
5000 - 
10000 
8500  

450 
450  

360  
600  
600 
1000 
1500  
375 
750  
SOO  
1000  
1000  
1000  

v-
tvi 

1750 
7100 
2650 

5 
7.5 

1250 
1500 

5000 
10000 
5000 

20000 
7500 
10000 
15000 

0.1 

2.25 

1.2  

5.0 

3.0 

7.5 
5.0 
0.2 
5.5 10000 

6.5 12500 
2.5 1250 
4.0 1250 
8.0 1250 

110 

70 

200 

110 

Ht,. 7.5 
Ht,. 2.5 

Ht,. I 2.5 

350 

130  

50 
250 

1250  
20  
2.0 
100  
100  
200 40 

200 " 
200 42 

880 

450 

1000 
500 

V 
100 
5000 
6000 

1600 

980 

1000 

6000 

4500 
2500 

800 

G 

G 

G 

G 1-

G 

V 

V 

10000  
40000 
10000 
40000 
40000  
3500  
3500  
3500 

5000 
150 
7.5 
750 
750 
600 
600 
600 

tvt 
V  

N,r  
V 

I Refer to Receiving Tube Diagrams. 
5 M. - medium; S. - small; O. - 

octal; L. - loktal; J. - jumbo; 
B. - button. W. - wafer. 

2 Metal tithe series. 
Refer to Transmitting Tube Die-

grains. 
Types 1 and I-V interchangeable. 
With input choke of at least 20 

henrys. 
M. - Meretary-vapor type; V. - 

high-vactitint type; G. - gaseous 
type. 

9 Tapped for pilot lamps. 
91'er pair with choke input. 

10 Condenser input. 
11 For ISe with oat usle-ray tubes. 
15 Maximum ratim., correslaalding to 

130- volt line condition; normal 
rating is 12.1; v. for 117-v. line. 

12 With 1011 ohms sum. res i,t a, ne ,. in 
series with plate; without series 

rnasitin110 r.m.s. plate 
rating is 117 volts. 

1, For other data. see Table IX. 
12 See Supiàlementary Base Diagrams. 
Sanie : is 872A/872 except for heavy-

duty push-type base. Filament 
connected to pins 2 and 3, plate to 
top cap. 

27 Same as 872A/872 except for small 
envelope. 

79 Choke input. 
15 Without panel lamp. 
n Ceramic him. 
II Center tapped. 
n Formerly heater type. 
25 Formerly type LT. 
24 Obsolete. 
22 Formerly 8013. 
55 Using only one-half of filament. 
57 In clipper service series resistor lim-

iting instantaneous peak ma. re-
quired. 

25 Ionic heated cathode. 
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TABLE XIV - TRIODE TRANSMITTING TUBES 

TYPe 

Max. 
Plate 

Dissipa-
lion 
Wafts Volts 

Cathode 

958-A**** 
RK24**  
6J6'***  
9002••• 

955'7'7 

HT114B2*** 

3A5 7 

6F4**" 

HY24• 

RK33*" 
6N4 
2C22 

t 7193 

HY615*** 
HY-E1145 

HY6.15GTX* 

0.6 
1.5 
1.5 
1.6 

1.25 
2.0 
6.3  
6.3 

1.6 6.3 

Amps. 

0.1 
0.12 
0.45 
0.15 

0.15 

Max. 
Plate 

Voltage 

135 
180 
300 
250 

180 

1.8 

2.0 

2.0 

2.0 

2.5 
3.0 

3.5 

3.5 

1.4 

1.4 
2.8 

6.3 

2.0 

2.0 
6.3 

6.3 

6.3 

0.155 

0.22 
0.11 

0.225 

0.13 

0.12 
0.2 

0.3 

0.175 

3.5 6.3 0.3 

GL-
446A****4 
GL-
446B' 
GL-
2C44'GL-' 

464A**')*. 

6C4  
1626  
2C21/RK33  
2C40**** 
2C43  
2C26A*** 
2C45  

2C34: 
RK34*** 7 

205D 

2C25 

3.75 6.3 

5.0 

5.0 
5.0 
52 
6.5 

10 
10 

10 

6.3 

6.3 
12.6 
6.3 
6.3 
6.3 
6.3 
7.0 

0.75 

0.75 

0.15 
0.25 
0.6 
0.75 
0.9 
1.10 
1.18 

180 

135 

Max. 
Plate 

Current 
Ma. 

7 
20 
30 
8 

8 

12 

Max. 
D.C. 
Grid 

Current 
Ma. 

Amp. 
Factor 

In erelectrode 
Capacities (pad.) 

Grid 
to 
Fil. 

1.0 
6.0 
16 
2 

2 

3.0 

30 5.0 

150 20 

180 20 

250 20 
180 12 

500 

300 

250 

400" 

500" 

300  
250 
250  
500 
500  
3500" 
250 

6.3 

14 4.5 

0.8 

1.6 

300 

400 

15 7.0 1.18 450 

20 

20 

20 

8 

4.5 

12 
8.0 

32 
25 

25 

0.6 
3.5 
2.2 
1.2 

1.0 

13 1.0 

15 0.9 

17 

9.3 

6.0 

4.0 

4.0 

2.0 

2.7 

10.5 3-2 • 
32 - 

20 

20 

20 

45 

40" 

25  
25 

25  
40  

40 

80 

50 

8.0 
8.0 

12' 

o 
20 

10 

2.2 '• 

1.4 

3.8 

2.2 

2.7 

17 1.8 
5.0 3.2 

- 1.6 
36 2.1 
48 2.9 
16.3 
3.6 

13 

7.2 

60 15 8.0 

2.6 
5.0 

3.4 

5.2 

6.0 

Grid 
to 

Plate 

2.6 
5.5 
1.6 
1.4 

Plate 
to 
Fil. 

1.4 

1.3 

0.8 
3.0 
0.4 
1.1 

0.6 

1.0 

3.2 1.0 

1.9 

5.4 

3-2' 

3.6 

1.6 

2.7 

1.6 

0.6 

2.3 

2.5 

0.7 

1.2 

3.0 

0.02 

2.0 0.1 

1.6 1.3 
4.4 3.4 
1.6 2.0 
1.3 0.05 
1.7 0.05 
2.8 1.1 
7.7  3.0  

2.4 0.5 

4.8 3.3 

8.9 3.0 

Base 
Socket 
Connec-
tions 2 

Special 
4-pin S. 
7-pin B. 
7-pin B. 

Acorn 

5-pin O. 

7-pin B. 

5BD 
4D 
?BF" 
7TM 

Typical Operation 

Class-C Amp.-Oscillator 
Class-C Amp.-Oscillator 
Class-C Amp. (Telegraphy) 
Class-C Amp-Oscillator 

5BC 

Plate Grid Plate 
Voltage Voltage '•"'ren` Ma. 

135 
180 
150 
180 

D.C. 
Grid 

Current 
Ma. 

Approx. 
Grid 

Driving 
Power 
Watts 

Approx. 
Carrier 
Output 
Power 
Watts 

Type 

- 20  
- 45 
- 10  
- 35 

7 
16.5 
30 

Class-C Amp. Oscillator 180 

7-SAC 

7BC 

Acorn 

4-pin S. 

7-pin S. 
7-pin B. 

8-pin O. 

5-pin O. 

6-pin O. 

7BR 

4D 

T-7DA 

Class-C Amp.-Oscillator 
Class-C Amp. Plate-Mod. 

180 
180 

Class-C Amp.-Oscillator 135 

- 35 

7 

7 

1.0 
6.0 
16 
1.5 

1.5 

- 30 
- 35 

- 20 

12 
12 

30 

Class-C Amp.-Oscillator 

Class-C Amp. (Telegraphy) 
Class-C Amp. (Telephony) 
Class-C Amp.-Oscillator 
Class-C Amp. Oscillator 

-  15 
150 5507' 
  2000" 
180 - 45 
180 - 45 
250 - 60  
180   

20 

2.0 
2.5 

0.035 
0.5 
0.35  

0.6 
2.0 
3.5 
0.5 

0.2 
0.3 

0.5 

1.4" 
1.4" 

5.0 

7.5 

0.2 

0.2 

2.0" 

958-A 
RK24 • 
6J6 
9002 

955 

H111411 

3A5 

1.8" 6F4 

20 
20 
20 

4.5 
4.5 
6.0 

0.2  
0.3 
0.54 

2.7 
2.5 
3.5 

HY24 

RK33 
6N4 

4AM 75 

1-BAG 

T-BAD 

6-pin O. Fig. 19 

Class-C Amp. (Telegraphy) 

Class-C Amp.-Oscillator 
Class-C Amp. Plate-Mod. 
Class-C Amp. (Telegraphy) 
Class-C Amp. (Telephony) 

300 
300 
250 
250 

-  35 
- 35 
- 30 
- 30 

20 
20 
20 
20 

2.0 
3.0 
2.0 
2.5 

0.4 
0.8 
0.2 
0.4 

4.0" 
3.5" 
3 
3 

Class-C Amp.-Oscillator 250 10000" 
20000" 25" 

2C22/7193 

HY615 
HY-E1148 

HT6.15GTI 

GL-446 
GL-446B 

6-pin O. Fig. 17 Class-C Amp.-Oscillator 

7-pin B.  
8-pin O. 
7-pin S 
6-pin O. 
6-pin O.  
8-pin O.  
4-pin M.  

7-pin M. 

4-pin M. 

4-pin M. 

613G"  
1-BAD 
T-7DA 
Fig. 19 
Fig. 19 
4138  
4D 

T-7DC 

4D 

4D 

Class-C Amp.-Oscillator 
Class-C Amp.-Oscillator 
Class-C Amp.-Oscillator 
Class-C Amp:Oscillator 
Class-C Amp.-Oscillator 
Pulse Oscillator 
Class-A Modulator 

250 

Class-C Amp.-Oscillator 

300 
250 
250 
250 
470, 
400 
250 

300 

- 27  25 7.0 0.35 
- 70 25 5.0  0.5  
- 60  40" 122 ---  1.0'  
- 5 20  0.3  -  
- 38, ---

- 15 16 
- 40 29 0 

GL-2C44 
GL-464A 

5.5 
4.0 
77 

0.075 
920 

- 36 80 20 1.8 

Class-C Amp.-Oscillator  
Class-C Amp. (Plate-Mod.)  
Class-C Amp.-Oscillator  
Class-C Amp. Plate-Mod. 

400 
350 
450 
350 

10 

16 

6C4  
1626  
2C2I/RK33  

2C40_ 
2C43  
2C26A  
2C45  

2C34 ' 
RK34 

-112 45 10 1.5 
-144 35 10 1.7 
-100 65 15 3.2 
-100 50 12 2.2 

10 
7.1 

19 
12 

205D 

2C25 

e 



TABLE XIV - TRIODE TRANSMITTING TUBES - Continued 

Type 

Max. 1 Cathode 
Plate Max. 

Plate 
Voltage 

Max. 
Plate 

Current 
Ma. 

Max. 
D.C. 
Grid 

Currant 
Ma. 

Amp. 

Interelectrode 
Capacitances (Md.) 

Base , 
Socket 
Connec- 
tions 2 

Typical Operation 
Plate 

Voltage 
Grid 

Voltage 

Plate 

Current ., 
ma. 

D.C. 
Grid 

Current 

* 
Ma. 

15 

Approx. 
Grid 

Driving .. 
row« 

Watts , 

3.2 

Approx. 
Cartier 
Output 
rower 
Watts 

... 

Type 
Dissipa- 

tien 
Watts Volts Amps. 

Factor 
Geld 
to 
Fil. 

Grid 
to 

Plate 

Plate 
to 
Fil. 

10Y 15 7.5 1.25 450 65 15 8 4.1 7.0 3.0 4- pi n M. 4D  Class- C Amp. Plate-Mod. 
Class-C Amp.-Oscillator 450 -100 65 19 

10Y 
Class-C Amp. Plate-Mod. 350 - 100 50 12 2.2 12 

Class Amp' 450  -140 30  5.0  
7.0 

1.0  7.5 

843 15 2.5 2.5 450 40 7.5 7.7 4.0 4.5 4.0 5-pin M . 5A 
-C -Oscillator 

Class-C Amp. (Plate-Mod.) 350 -150 30 1.6 5.0   
843 

RK59 ,  15 6.3 1.0 500 90 25 25 5.0 9.0 1.0 4-pin M. T-4D Class-C Amp.-Oscillator 500 - 60 90 
8 0 

14 1.3 32 RK59 

HY75 *, 15 6.3 2.5 450 80 20 

15 

10 

8.0 

1.6 3.8 0.6 5-pin O. T-8AC 

4D 

Class-C Amp.-Oscillator 450 - 50 12 - 21" 
HY75 

Class-C Amp. Plate-Mod. 450 - 60  
-115 

80 12 - 16"   

1602 15 7.5 1.25 450 60 4.0 7.0 3.0 4-pin M. 
Class-C Amp. (Telegraphy) 450 55 15 3.3 13 

1602 
Class-C Amp. (Telephony) 350  - 135  45 15 3 .5  80   

841 15 7.5 1.25 450 60 20 30 4.0 7.0 3.0 4-pin M. 4D 
Class-C Amp. (Telegraphy) 450 - 34 50 15 1.8 15 

841 
Class-C Amp. (Telephony) 350 - 47 50 15  2.0  

3.2 

11  

19 10 
10 
RK10* , 

15 7.5 1.25 450 65 15 8.0 3.0 8.0 4.0 4-pin M. 4D  
Class-C Amp. (Telegraphy) 450 - 100 65 15 
Class-C Amp. (Telephony) 350 -100 50 12 2.2 12 RK10 

RK100 4 15 6.3 0.9 150 250 100 40 23 19 3.0 6-pin M. 7-611 
Class-C Oscillator', 110 - 80 8.0 - 3.5 

RK100 
Class-C Amplifier" 110 - 185 40 2.1  12  

1608 20 2.5 2.5 425 95 25 20 8.5 9.0 3.0 4-pin M. 4D 

4D 

4D 

4D 

 lass- C Amp. (Telephony) 
lass-C Amp. (Telegraphy) 425 - 90 95 20 3.0 27 

1608 
lass-C Amp. (Telephony) 350 - 80 

-150 
85 20 3 .0 18 

310 20 7.5 1.25 600 70 15 8.0 4.0 

4.5 

7.0 2.2 4-pin M. 
lass-C Amp. (Telegraphy) 600 65  

55 

15 4.0 25 
310 

lass-C Amp. (Telephony) 500 - 190 15 4.5 18 

801-A/801* 20 7.5 1.25 600 70 15 8.0 6.0 1.5 4-pin M. 
lass-C Amp. (Telegraphy) 600 -150 65 15 4.0  

4.5 
25  
18 

801 A/801 
lass-C Amp. (Telephony) 500 - 190 55 15 

HY801-A* 20 7.5 1.25 600 70 15 8.0 4.5 6.0 1.5 4-pin M. 
lass-C Amp. (Telegraphy) 600 -200 

- 200 

70 15 4.0 30 
HY801 A 

Class-C Amp. (Telephony) 500 60 15 4.5 22 

Class-C Amp. (Telegraphy) 750 - 85 85 18 3.6 44 
720 

720 " 

TZ20* 4 

20 

20 

7.5 1.75 750 85 25 20 4.9 5.1 0.7 4-pin M. 3G Class-C Amp. Plate-Mod. 750 -140 70 15  3.6  38  
44  
38  

TZ20 
7.5 1.75 750 85 30 62 

25 

5.3 5.0 0.6 4-pin M. 

None  

3G 
Class-C Amp. (Telegraphy) 750 - 40 85 , 28 3.75 

Class-C Amp. Plate-Mod. 750 -100 70 23 4.8  

15E 20 5.5 4.2 

3.0 

10000' - - 

25 

25 

1.4 1.15 0.3  T-4AF  

3G 

Oscillator at 400 Mc. a 10000 450(P' 
-130 
- 95 

3 1 - 10000',' 15E 

Class-C Amp.-Oscillator 
2000  63  18  4.0 100  

257 
257 25 6.3 2000 75 24 

23 

2.7 1.5 0.3 4-pin M. 1500  
1000 

67 13 2.2 75 

- 70 72 9 1.3 47 

1.7 

7.0 

1.5 0.3 4-pin S. 2D Class-C Amp.-Oscillator 
2000 -170 63  

67 
17 4.5 100 

3C24 
24G 3C24* 

24G 

RK11 * 4 

25 6.3 3.0 2000 75 1500 -110 15 3.1 75 

1000 
750 

- 80 72 15 2.6 47 

RK11 7.0 0.9 4-pin M. 3G 
Class-C Amp. (Telegraphy)  -120  105 21 3.2 55 

25 6.3 3.0 750 105 35 20 Class-C Amp. Plate-Mod. 600 -120 85 24  37 .  38  

RK12 * 25 6.3 3.0 750 105 40 100 7.0 7.0 0.9 4-pin M. 3G 
Class-C Amp. (Telegraphy) 750 -100 105 35 5.2 55 

RK12 

HK24 

Class-C Amp. Plate-Mod. 600  -100  85  27  3.8  
4.0 

38  
90 

HK24* 25 6.3 3.0 2000 75 30 25 2.5 1.7 0.4 4-pin S. 3G 
Class-C Amp. (Telegraphy) 2000 -140 56 18 

Class-C Amp. Plate-Mod. 1500 -145 50 25  5.5  60   

HY25* 25 7,5 2.25 800 75 
1 

25 55 4.2 
I 

4.6 1.0 4-pin M. 3G 
Class-C Amp. (Telegraphy) 750 - 45 75 15 2.0 42 

HY25 
Class-C Amp. Plate-Mod. 700 - 45 75 17 5.0 39 



TABLE XIV - TRIODE TRANSMITTING TUBES - Continued 

Typo 

Max. 
Plate 

Dissipa-
tion 
Watts 

8025 

Twin 30* , 

30 
20 

Cathode 

- 30 

30 

Volts 

6.3 

Amps. 

1.92 

Max. 
Plate 

Voltage 

1000 

Max. 
Plate 

Current 
Ma. 

65 
65 
80 

Max. 
D.C. 
Grid 

Current 
Ma. 

20 
- 20-

Amp. 
Factor 

18 

6.0 4.0 

HY3OZ * 30 6.3 

HY31Z* 7 
HY1231Z.,' 30 

3164 **** 30 

6.3 
12.6 

2.0 

2.25 

3.5 
1.7 

3.65 

1500 

850 

500 

450 

85 

90 

150 

80 

25 

25 

30 

12 

809 * 6 30 6.3 

1623" 

53A  

RK30 * 4 

30 

35 

35 

6.3 

5.0 

7.5 

2.5 

2.5 

12.5  

3.25 

1000 

1000 

15000 

1250 

800* 35 

8012 **** 
GL-
8012-A**" 

RK18*' 

RK31 

HY40* 

40 

7.5 3.25 1250 

125 

100 25 

80 

80 

3.5 3.25 1000 

401.. 

40 

40 

6.3 LO 1000 

60 

80 

7.5 3.0 

7.5 3.0 

1250 

1250 

40 7.5 

HY4OZ * 40 7.5 

2.25 1000 

100 

25 

25 

Interelectrode 
Capacitances (pad.) 

Gild 
to 
Fil. 

Grid 
to 

Plate 

Plate 
to 
Fil. 

2.7 

32 1.9 

87 I 6.0 

45 5.0 

6.5 1.2 

2.8 

2.0 

0.35 

0.3 

4.9 1.0 

5.5 

1.6 

50 5.7 6.7 

1.9 

0.8 

0.9 

20 

35 

15 

15 

15 

20 

40 

100 

125 

35 

25 

2.6 1000 125 30 

23 

18 

18 

5.7 

3.6 

2.75 

2.75 

LO 

6.7 

1.9 

2.5 

2.5 

2.0 

0.9 

0.4 

Socket 
Connec-
tions' 

Typical Operation 

4-pin M. 

4-pin M. 

4-pin M. 

4-pin M. 

None 

4-pin M. 

4-pin M. 

4AO 

T-408 

T-48E 

2.75 

2.75 

0.4 

None 

4-pin M. 

4-pin M. 

None 

2.7 
- 2.7 -

6.0 

170 

25 

80 

7.0 

6.1 

6.2 

2.8 
- 2.5-

4.8 

1.0 

5.6 

6.3 

T40* , 

TZ40* , 

40 

40 

7.5 

7.5 

2.5 

2.5 

1500 

1500 

150 

150 

40 

45 

25 

62 

4.5 

4.8 

4.8 

5.0 

0.35 
- 0.4 

1.8 

LO 

None , 

4-pin M. 

4-pin M. 

T-4D 

3G e 

3G e 

T-48  

T-413C 

T-4BC 

T-488 

T-4138 

3G e 

3G" 

1.0 

0.8 

0.8 

0.8 

4-01n M. 

4-pli, M. 

4-pin M. 

4-pin M. 

3G" 

3G". 

Plate 
Voltage 

Grid 
Voltage 

Plate 
Current 
Ma. 

Class-C Amp. (Grid. Mod.) 1000 
Class-C Amp. (Plate Mod.) 800 
Class-C Amp. (Telegraphy)  1000 
Class-C Amp. (Telegraphy)  1500 
Class-C Amp. Plate-Mod. 1250 
Class-C Amp.-Oscillator 850 
Class-C Amp. Plate-Mod. 700 

Class-C Amp. (Telegraphy) 500 

-135 
-105 
- 90 
-100 
-100 
- 75 
- 75 

- 45 

50 
40 
50 

150" 
135' 
90 
90 

D.C. 
Grid 

Current 
Ma. 

Approx. 
Grid 

Driving 
Power 
Watts 3 

40  
10.5" 
14"  
40" 
40 , 
25  
25 

3.5 ,7 
1.4 ,7 
1.61' 

15  
15  
2.5  
3.5 

Approx. 
Carrier 
Output 
Power 
Watts 

20 
22 
35 

225 
125  
58 
47 

Type 

150 

Class-C Amp. (Telephony)  

Class-C Amp. (Telegraphy) 
Class-C Amp. Plate-Mod.  
Class-C Amp. (Telegraphy)  
Class-C Amp. Plate-Mod.  
Class-C Amp.-Oscillator  
Class-C Amp. Plate-Mod.  
Oscillator at 300 Mc.  
Class-C Amp. (Telegraphy)  
Class-C Amp. Plate-Mod.  
Class-C Amp. (Telegraphy)  
Class-C Amp. Plate-Mod.  
Class-C Amp.-Oscillator  
Class-C Amp. Plate-Mod.  
Grid-Modulated Amp.  
Class-C Amp.-Oscillator  
Class-C Amp. Plate-Mod.  
Grid-Modulated Amp.  
Class-C Amp. (Telegraphy)  
Class-C Amp. Plate-Mod.  
Class-C Amp. (Telegraphy) 
Class-C Amp. Plate-Mod.  
Class-C Amp. (Telegraphy)  
Class-C Amp. Plate-Mod.  
Grid-Modulated Amp.  
Class-C Amp. (Telegraphy)  
Class-C Amp. Plate-Mod.  
Grid-Modulated Amp. 
Class-C Amp.-Oscillator 
Class-C Amp. Plate-Mod. 
Class-C Amp.-Oscillator 
Class-C Amp. Plete-Mod. 

3G" 

3G" 

400 

450 
400 

1000 
750 
1000 
750 

-100 

1250  
1000 
1250 
1000 
1000 
800 

1000 
1000 
800 
1000 
1250 
1000 
1250 
1000 
1000 
850 
1000 
1000 
850 

1000 
1500 
1250 
1500 
1250 

- 75 
- 60 
- 90 
-125 
Approximately 50 watts output 
-180 
-200 
-175  
-200 
- 65 
-100 
-120 
- 90 
-105 
-135 
-160 
-160 
- 80 
- 80 
- 90 
- 90 

150 

80  
80  

100  
100  
100 
100 

25 2.5 

30 

12 
12 
25 
32 
20 
20 

3.5 

56 

45 

8025 

Twin 30 

HY3OZ 

HY31Z 
HT1231Z 

3.8 
4.3 
3.1  
4.0 

- 27 
- 30 

90 18 
80 15 
70 15 
70 
50 
40 
50 
50 
40 
50 

100 
80 

100 
100 
125 
125 
125 
125 
100 
60 

15 
15 
11 
3.5 

14 
10.5 
4.0 
12 
13 
30 
28 
20 
15 

25 
30 

5.2 
4.5 
4.0 
4.0 
1.7 
1.6 
5.0 
1.6 
1.4 
3.5  
2.8 
3.1  
3.0 
3.5  
5.0 
3.5 

5.0 
7.0 

7.5 
6.5 

75 
55 
75 
55 

85 
60 
65 
50 
35 
22 
20 
35 
22 
20 
95 
64 
90 

-140 
-115  
- 90 
-100 

150 
115 
150 
125 

28 
20 
38 
30 

9.0  
5.25 

10 

70  
94 
82  
20" 
94 
82  
20" 

158  
104  
165 
116 

316A 

809 

1623 

53A 

RK30 

800 

1628 

8012 
GL-8012-A 

RK18 

RK31 • 

HY40 

HY4OZ 

7.5 

T40 

TZ40 



TABLE XIV - TRIODE TRANSMITTING TUBES - Continued 

Type 

Max. 
Plate 

Dissipa- 

Watts W a tts 

Cathodex. 
Max. 
Plate 

Voltage 

M ax.e4c.. 
r'''''' Current .., 
''''" 

D.C. 
Grid 

Current 
Ma. 

A 

^m1). Factor 

Interelectrode 
Capacitances (pmfd.) 

t 

Socket 
Base I Connec- 

tions 2 Typical Operation 
Plate 

Voltage 
Grid 

Voltage 

Plate 
Current 
M.. 

D.C. 
Grid 

Current ,_ 
''''' 

Approx. 
Grid 

Driving ... rower 
Watts 3 

Approx. 
Carrier 
Output 
rOVIN Power 
Watts 

• 

Type 

Volts Amps. 
Grid 
to 
Fil. 

Grid 
to 

Plate 

Plate 
to 
Fil. 

HY57 * 40 6.3 

7.5 

10 

L25 850 110 25 

25  

18 

50 4.9 5.1 

7.0 

9.9 

1.8 

1.8 

1.5 

3.4 

1.7 4-pin M. 3G 15 
  Grid-Modulated Amp.  

Class-C Amp. (Telegraphy) 850 - 48 110 15 2.5 70 
HY57 Class-C Amp. Plate-Mod. 700 - 45 90 17 5.0 47 

Grid-Modulated Amp.  850 - 70 - - 20 ii, 

850  -  110 25  -  -  756  
756 , 40 

40 

50 

2.0 850 110 8.0 

8.0 

3.0  2.7 

2.2 

0.3 

L4 

0.07 

03 

0.4 

4-pin M. 

4-pin M. 

4-pin M. 

4D 

4D 

3G 

2D 

Class-C Amplifier  
Class Amplifier 750 -180  110  18 7.0 55 

830 , 2.15 750 110 4.9 

4.1 

-C 
Grid-Modulated Amp. 1000 - 200 50 2.0  

45 
3.0 15 

830 

Class-C Amp. (Telegraphy) 2000 -135 125 13 200 ..5T 
' 357G 357 

357G 
5.0 4.0 2000 150 50 39 Class-C Amp. Plate Mod. 1500 

2000 

1250 
1000 
1500 

-120 100 30 5.0 120 

2.5 

2.3 

2.5 

4-pin M. 

SPeoidl 

4-pin M. 

Grid Modulated Amp. -400 60 3.0 3.0 50 

Class Amplifier  8010-R  

RK32 
8010-2 **** 50 6.3 2.4 1350 150 

100 

20 

25 

30 

11 

- 

2D 

-C 
Class-C Amp. (Telegraphy)  -225 100 14 4.8 90 

RK32 ** 4 

RK35* 4 

50 7.5 3.25 1250 

1500 

Class-C Amp. Plate-Mod. -310 
-250 
-250 
-180 
-130 

100 21 8.7 70  

125 20 

35 

9.0 

28 

3.5 2.7 4-pin M. 2D 

Class-C Amp. (Telegraphy) 115 15 5.0 120 
RK35 

RK37 

50 7.5 4.0 Class-C Amp. Plate-Mod. 1250 
1500 
1500  
1250 

100 14 4.6 93 

Grid-Modulated Amp. 37 
115 

-  2.0 25  

125 3.5 3.2 0.2 4-pin M. 2D 

Class-C Amp. (Telegraphy) 30 7.0 122 

90 -Class-C Amp. Plate-Mod. -150 100 23 5.6 
RK37* 50 

50 

7.5 4.0 1500 

1250 0.3 

 Grid- Modulated Amp. Grid-Modulated Amp. 1500 
1250  

- 50 
-225  

50 - 2.4 
7.5 

26 

Amp. 125  20  115 
115 UH50 

UH50 * 7.5 3.25 125 25 10.6 

10.6 

2.2 2.6 4-pin M. 

4-pin M. 

4-pin M. 

2D 

Class-C (Telegraphy) 
aass-C Amp. Plate-Mod. 1250 -325 125 20 10 

Grid-Modulated Amp. 1250 -200 60 2.0 3.0 25 

2D 

Class Amp. 2000 
1500 
1500 
3000 

-500  150  20  15 225 
UH51 

UH51 *, 50 5.0 6.5 2000 175 25 2.2 2.3 0.3 

-C (Telegraphy)  
Class-C Amp. Plate-Mod. -400 

-400 
-290 

165 20 
2.0 

15 200 

Grid-Modulated Amp. 85 
100 
100 
39  

167 

8.0 65 

150 30 27 1.9 1.9 0.2 2D 

Class-C Amp. (Telegraphy) 25 
20 

10 250  
210 HK54 

HK154 

HK54 * 50 5.0 5.0 3000 Class-C Amp. Plate-Mod. 2500 -250 8.0 

Grid-Modulated Amp. 2000 -150 1.5 3.0 28  

30 6.7 

25 

11 

4.3 59 1.1 4-pin M. 2D 
 Grid- Modulated Amp. 

Class-C Amp. (Telegraphy) 1500 -590 20 15 200 
162 
28 HK154 , 50 5.0 6.5 1500 175 Class-C Amp. Plate-Mod. 1250 

1500 
-460 170 20 12 

Grid-Modulated Amp. -450 52 - 5.0 

Class Amp. 2000 

2000 

-150  125  25  6.0 200 
HK158 

HK158 * 50 12.6 2.5 2000 200 40 4.7 4.6 1.0 4-pin M. 2D 
-C -Oscillator 

Class-C Amp. Plate-Mod.  -140 105 25 5.0 170 
1250 
1000 

-200 100 -  - 85 WE304A 
WE304A*+ 
3049* 50 7.5 3.25 1250 100 25 2.0 2.5 0.7 4-pin M. 2D 

Class-C Amp. (Telegraphy)  
Class-C Amp. Plate-Mod. -180 100 - -  65  3048 

356A * 50 5.0 5.0 1500 120 35 50 2.25 2.75 1.0 Special T-48D 
Class-C Amp. (Telegraphy) 1500 - 60 100 - - 100  

85 356A Class-C Amo. Plate-Mod.  1250 - 100 100 35 _ 
1500 -200  125  30 9.5  140 

808 

834 * 

50 7.5 4.0 1500 150 35 47 53 2.8 0.15 4-pin M. 2D 
Class-C Amp. (Telegraphy)  
Class-C Amp. Plate-Mod. 1250  -225  

-225 
100  
90 

32  
15 

10.5  
4.5 

105 
75  
58 

808 

834 
50 7.5 3.1 1250 

1250 

100 20 10.5 2.2 2.6 0.6 4-pin M. 2D 
Class-C Amp. (Telegraphy) 1250 

Class-C Amp. Plate-Mod. 1000  -310  90 17.5 6.5 
  85  85  841A  

841SW 841A 4  50  10  2.0 150 30  
30 

14.6  
14.6 

3.5 9.0 2.5 4-pin M. 3G  
3G 

Class-C Amplifier 

841SW 50 10 2.0 1000 150 - 9.0 - 4-pin M. Class-C Amplifier 



TABL NSMITTING TUBES- Continued 

Type 

Max. 
Plate 

Dissipa-
tion 
Watts 

Cathode 

Volts Amps. 

Max. 
Plate 

Voltage 

155 ** 

811" 

812* , 

55 7.5 3.0 1500 

Max. 
Plate 

Current 
Ma. 

Max. 
D.C. 
Grid 

Current 
Ma. 

150 40 

55 6.3 4.0 1500 

55 6.3 

RK51* 

RK52* 

T-60 
HF60 

826'•• 

60 7.5 

4.5 1500 

150 

150 

3.75 1500 150 

60 7.5 

60 

60 

10 

3.75 1500 

2.5 1600 

130 

150 

50 

Amp, 
Factor 

20 

160 

n erelectrode 
Capacitances (pea.) 

Grid 
to 
Fil. 

5.0 

Grid 
to 

Plate 

3.9 

5.5 5.5 

35 29 5.3 5.3 

40 

50 

20 

170 

20 

6.0 

6.6 

6.0 

12 

5.2 

Socket 
Base , Connec-

Plate dons 
to 
Fil. 

1.2 4-pin M. 3G 

0.6 4-pin M. 3G 

0.8 4-pin M. 3G 

2.5 4-pin M. 3G 

2.2 4-Pin M. 3G 

- 4-pin M. 2D 

7.5 

8306 
e 930B 

HY51A * 
HY5111 * 

60 10 

4.0 

2.0 

65 
7.5 

10 

HY51Z* 65 7.5 

3.5 
2.25 

3.5 

1000 125 

1000 150 

1000 175 

1000 175 

U H35 * + 70 5.0 

V70 70 10 , 
V70B 

V70A 70 10 
V70C 

V7OD 70 10 

507 4 75 5.0 

75TH 
757L 

HF75' 

75 

75 

4.0 

2.5 

2.5 

3.0 

1500 

1500 

1500 

150 

140 

140 

40 31 3.7 2.9 1.4 

30 

25 

35 

35 

25 

20 

25 

25 

85 

30 

14 

25 

1500 

6.0 3000 

5.0 

10 

nes I 75 

T-100 
HF100 

75 

7.5 

10 

6.25 

3.25 

4.15 

2.0 

3000 

2000 

2000 

1500 

165 

100 

225 

120 

175 

150 

40 

30 
40 
35  

60 

30 

20 

5.0 

6.5 

7.9 

11 

7.0 

1.8 

1.1 

7.2 0.9 

1.4 

5.0 

5.0 

1.6 

9.0 

9.5 

0.2 

2.3 

2.0 

4.5 4.5 

12 
20 
12 
12.5 

20 

23 

2.0 
2.7  
2.6  

3.35 

3.5 

2.0 
2.3 
2.4 
2.0 

1.5 

4.5 

1.75 

Special T-9A 

4-pin M. 3G 

4-pin M. 3G 

0.4 
0.3 
0.4 

0.7 

1.4 

4-pin M. T-4BE 

4-pin M. 3G 

4-pin J. T-3AB 
4-pin M. 3G 

4-pin J. T-3AB 
4-pin M. 3G 

4-pin M. 3G 

4-pin M. 2D  

4-pin M. 2D 

4-pin M. 2D  

4-pin M. 2D 

4-pin M. 2D 

Typical Operation 
Plate Grid 

Voltage Voltage 

t 

Plate 
Current 
Ma. 

D.C. 
Grid 

Current 
Ma. 

Approx. 
Grid 

Driving 
Power 
Watts 

Class-C Amp. (Telegraphy) 
Class-C Amp. Plate-Mod:-
Class-C Amp. (Telegraphy)  
Class-C Amp. Plate-Mod.  
Class-C Amp. (Telegraphy) 
Class-C Amp. Plate-Mod. 
Class-C Amp. (Telegraphy)  
Class-C Amp. Plate-Mod.  
Grid-Modulated Amp.  
Class-C Amp. (Telegraphy) 
Class-C Amp. Plate-Mod. 

Class-C Amp.-Oscillator 

1500 
1500 
1500 
1250 
1500 
1250 
1500 
1250 
1500 
1500 
1250 

1600 

Class-C Amp.-OscIllator  
Class-C Amp. Plate-Mod.  
Class-B Amp. (Telephony)  
Grid-Modulated Amp.  
Class-C Amp.-Oscillator  
Class-C Amp. Plate-Mod.  
Class-B Amp. (Telephony) 

Class-C Amp. (Telegraphy) 
Class-C Amp. Plate-Mod.  
Grid-Modulated Amp.  
Class-C Amp. (Telegraphy)  
Class-C Amp. Plate-Mod.  
Grid-Modulated Amp.  
Class-C Amp. (Telegraphy)  
Class-C Amp. Plate-Mod.  
Class-C Amp. (Telegraphy) 
Class-C Amp. Plate-Mod.  
Class-C Amp. (Telegraphy)  
Class-C Amp. Plate-Mod.  
Class-C Amp. (Telegraphy) 
Class-C Amp. Plate-Mod. 
Class-C Amplifier  
Class-C Amp. (Telegraphy) 
Class-C Amp. (Telegraphy)  
Class-C Osc.-Amp.  
Class-C Amp.-Oscillator  
Class-C Amp. Plate-Mod.  
Class-C Amp. (Telegraphy)  
Class-C Amp. Plate-Mod.  
Grid-Modulated Amp. 

1000  
800  

1000  
1000  
1000  
800 

1000  
1000  
1000  
1000  
1000  
1000  
1000 
1500 
1500 
1500 
1250  
1000 
800 

1500 
1000 
3000 
2000 
2000 
2000 
2000 
2000 
1500 
1250 
1500 

-170 
-195 
-113 
-125 
-175 
-125 
-250 
-200 
-130 
-120 
-120 

-150 

- 70  
- 98  
- 50  
-125 
-110  
-150 
- 35 
- 75  
-67.5 

-22.5 
- 30 

-170  
-120  
-215 
-250 
-110  
-150  
-200  
-140 
-600 
-200  
-300  

-175  
-260 
-200  
-250  
-280 

150 
125 
150 
125 
150 
125 
150 
105 

18 
15 
35 
50 
25 
25 
31 
17 

60 0.4 

6.0 
5.0 
8.0 

11 

Approx. 
Carrier 
Output 
Power 
Watts 

6.5 
6.0 
10 
4.5 
2.3 
7.0 
8.5 

130 
115 

125 
94 
65  
65 
140 
95 
85 

175  
130 
100 
175 
150 
100 
150 
100 
130 
130 
140 
95 
130 
165 
100 
150 
150 
120 
150 
125 
150 
110 

40 
47 

170 
145 
170 
120 
170 
120 
170 
96 
128 
135 
102 

100 

Type 

T55 

811 

812 

RK51 

RK52 

T-60 
HF60 

35 
35 
15 
9.5 
30  
20 
6.0 
20 
15 

35 
35  

30  
30 
6.0 
6.0 
30 
20  
20  
30  
25 
32  
21  

37 
32 
18 
21 

72 1.3 

5.8 
6.2  
3.7  
8.2 
7.0 
5.0 
6.0 
7.5 
7.5 

10  

10  

7.0  
5.0  
3.0 
3.0  
7.0  
5.0  
6.0  
7.0  

10  

12.7 
13.2  
6.0  
8.0  
6.0 

86 
53 
22 
25 
90 
50  
26  

131  
104  
33 +, 

131  
104 
33 12 

826 

830B 
9308 

HY51A 
HY51B 

HY51Z 

170 
120 
140 
120 
90 
50 

140 
120 
250 
225 
225 
150 
225 
198 
170 
105 
42 

UH35 

V70 
V708 

V70A 
V70C 

V7OD 

501 

75TH 
757L 

HF75 

Tw7s 

T-100 
HF100 



TABLE XIV - TRIODE TRANSMITTING TUBES - Continued 

Type 

111H 

Max. 
Plate 

Dissipa-
tion 
Watts Volts Amps. 

75 

Cathode 
Max. 

- Plate 
Voltage 

10 2.25 1500 

ZB120 

3278 

242A 

2840 

8005' 

RK36*' 

RK38*. 

100TH 

100TL 

VT127A 
227A  
327A 

HK254 

RK58' 

75 10 2.0 1250 

75 

85 

85 

85 

100 

10.5 

10 

10 

10.6  15000  

3.25 1250 

3.25 

Max. 
Plate 

Current 
Ma. 

160 

Max. 
D.C. 
Grid 

Current 
Ma. 

160 ao 

150 50 

Amp. 
Factor 

Interelectrode 
Capacitances (mplal.) 

Grid 
to 
Fil. 

23 

90 

30 

12.5 

1250 

10 

5.0 

3.25 

8.0 

1500 

150 100 4.8 

200 45 20 

3000 165 35 

100 5.0 8.0 3000 165 

100 5.0 

100 

100 
100 
100 

5.0 

5.0 
10.5 
10.5 

100 5.0 

100 10 

6.3 3000 

6.3 3000 

40 

225 60 

14 

40 

225 

10.4 
10.7 
10.7 

7.5 

16000, 
15000, 
15000" 

4000 

3.25 1250 

HF120  100 10  3.25 1250 
HF125 100 10 3.251 1500 

200 

175 

50 14 

5.3 

3.4 

6.5 

6.0 

6.4 

4.5 

4.6 

2.9 

2.3 

Grid Plate 
to to 

Plate Fil. 

4.6 - 

5.2 

2.45 

13 

3.2 

0.3 

4.0 

Base ' 
Socket 
Connec-
tions 

4-pin M. 

4-pin J. 

None 

4-pin J. 

8.3 

5.0 

5.0 

5.6 

1.0 

1.0 4-pin M. 

2D 

4E 

T-40 

4E 

4E 

T-4138 

20 

4.3 

2.0 

2.0 

0.9 

0.4 

0.4 

4-pin M. 

4-pin M. 

20 

2D 

4-pin M. 20 

15.5 

40 

70 

175 -  
175 - 

31 
31 

25 

2.7 
3.0 
3.4 

3.3 

2.3 
2.2 
2.3 

3.4 

0.35 
0.30 
0.35 

1.1 

None 
None 
None 

4-pin 

-pin J. 

XIV  12 - TRIODE TR  
1-- - 

25 pin J. 

T-413 
T-48 
T-4D 

T-3 AC 

T-3AB 

Typical Operation 
Plate Grid Plate 

Voltage Voltage Current 

!Appfox. 
D.C. Grid Grid 

Driving 
Current Power 
Ma ' Watts , 

Class-C Osc.-Amp.  
Class-C Amp. (Telegraphy) 
Class-C Amp. Plate-Mod. 
Grid-Modulated Amp.  

1500 
1250 
1000 
1250 

-135 
-150 

160 
160 
120 
95 

Approx. 
Carrier 
Output 
Power 
Watts 

TYP• 

23 
21 
8.0 

---- 175 
5.5 145 
5.0 95 
1.5 45  

111H 

Z8120 

3278 
Class-C Amp. (Telegraphy) 
Class-C Amp. Plate-Mod. 
Class-C Amp. (Telegraphy) 
Class-C Amp. Plate-Mod.  
lass-C Amp.-Oscillator 

Class-C  Amp. Plate-Mod. 
Class-8  Amp. (Telephony) 
Class-C Amp. (Telegraphy) 
Class-C Amp. (Telephony)---
Grid-Modulated Amp.  
Class-8 Amp. (Telephony) 
Class-C Amp.  (Telegraphy) 
Class-C Amp. (Telephony) 
Grid-Modulated Amp.  
Class-8 Amp. (Telephony) 

Class-C Amp.  (Telegraphy) 
Class-C AMP. Plate-Mod. 
Class-B Amp. (Telephony)--
Grid-Modulated Amp. 
Class-C AMP. (Telegraphy) 
Clasi:C Amp. Plate-Mod. 
Class-8 Amp. (Telephony) 
Grid-Modulated Amp.  

Oscillator at  200 Mc.  
Oscillator at 200 Mc.'"  
Oscillator at 200 Mc.  
Class-C Arnis.  (Telegraphy) 
Class-C Amp. Plate-Mod. 
Class-B Amp. (Telephony) 
Grid-Modulated Amp.  
Class-C Amp. (Telegraphy) 
Class-C Amp. Plate-Mod.  
Class-B Amp. (Telephony)  
Class-C Amp.-Oscillator  
Class-C Amp.-Oscillator 

1250 
1000 
1250 
1000 
1500 
1250 
1500 
2000 

- 2000 
2000 
2000 
2000 
2000 
2000 
2000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 

16000 
15000 
15000 
4000 
3000 
3000 
3000 
1250 

-175  
-160 
-500 
-450 
-130 
-195  
- 80 
-360 
-360 

- 27-6-
- 180 
-200 
-200 
-150 
-100 
-200  
-210 
- 70 
- 400 
-400 
-600 
-280 
-560 
5000 
1200', 
1200 ,, 
-380 
-290 
-125 
---- 51 

- 90 150 
1000-  - 135- 150-  - 50-
1250 -  106 I  15  
1250  - 175 - 
1500 - I 175 - 

150 
150 
150 
150 
200 
190 
83 
150 
150 

- 72-
75 

160 
160 -

80__ 
75 

165 
167 
50 
70 

165 
167 
50  
60  
9.4 
10 
10 

120 
135 
51 

50 

50 
32 
28 
1.0 
30 

- 30 --
1.0-
3.0 

30 
30 
2.0 

- 2.0-
51 
45 
2.0 
3.0 

30 
35 
1.0 
2.0 
2.3 
3  
3  

35 
ao 
2.0 
3.0 

30 

7.5 
9.0 
5.0 

15 
15 
3.5 

10 
10 
10 

130 
100 
125 
100 
220 
170 
45 

242A 

2840 

8005 

5.5 
- 7.0 
18 
18  
5.0 
7.0  

20  
18  
5.0 
7.0  

20  
23 
3.0 
4.0 
6.0 
16 
6.0 

200 
-200-
- 42 
50 

225 
225 
60-
55 

400 
-400 --

100TH 
50  

100   
400 
400 

100TL 
50 

RK36 

RK38 

90 
10000 " VT127A 
50000 , 227A 
50000 - 327A  
475 
320 

HK254 
54  
58 

130--
RK58 

42.5 
150 
200 HF125 

HF120 



TABLE XIV - TRIODE TRANSMITTING TUBES - Continued 

Typo 

HF140 

203A 
303A 

203H 

I I Interelectrode 
Max. I Cathode , Max. ! Malt. ! Capacitances (m'Ad.) 

Dissipa- pi 
Plate Mex.aix' Plata D.C. Ami,. - Base I. - - 

Factor Grid Grid Plate (ionWWaattttss volts Amps. Voltage Grid ge Current  Curren t to to to . Ma  
Fil. Plate Fil. 

, 
100 10 3.2-S- -1250 175 12 - 12 - .5 --  4-pin J. -f - 

100 

100 

211 
311 
835 

2426 
3428 

242C 

10 

10 

100 10 

100 10 

100 

261A 
361A 

276A 
376A 

2846 

295A 

838 
938 

100 

10 

10 

100 10 

100 10 

100 10 

3.25 

3.25 

3.25 

3.25 

3.25 

3.25 

3.0 

3.25 

3.25 

1250 

1500 

175 60 

175 60 

1250 

1250 

1250 

1250 

1250 

1250 

1250 

100 10 3.25 1250 

852 I 1C0 10 125 

8003 100 10 

k22 . 125 

F-1 23-A 
DR-123C 125 10 

3.25 

175 

150 

150 

150 

125 

150 

175 

175 

3000 150 

1500 250 

50 

50 

50 

50 

50 

100 

25 

25 

12 

12.5 

12.5 

12 

12 

5.0 

50 25 

70 

40 

50 

6.5 

6.5 

6.0 
6.0 

7.0 

6.1 

6.5 

6.0 

4.2 

6.5 

- 6.5 

12 1.9 

12 

6.3 2.0 1000 150 70 40 

4.0 2000 300 75 14.5 

5.8 

14.5 

11.5 

5.5 

1.5 

14.5 5.5 
9.25 5.0 

13.6 6.0 

13.0 4.7 

9.0 4.0 

9.0 4.0 

7.4 5.3 

14.5 5.5 

8.0 

2.6 

5.0 

1.0 

11.7 3.4 

4.9 2.4 

6.5 8.5 

4-pin J. 

4-pin J. 

4-pin J. 

4-pin J. 

4-pin J. 

4-pin J. 

4-pin J. 

4-pi n J. 

4-pin J. 

4-pin J. 

4-pin M. 

4-pin J. 

0.05 , 6-pin O. 

3.3 4-pin J. 

Socket 
Connec-
tions 

4E 

T-3A13 

4E 

4E 

4E 

4E 

4E 

T-3AB 

4E 

4E 

2D 

T-3A13 

Fig. 30 

Fig. 26 

Typical Operation 
Plate 

Voltage 
Grid 

Voltage 

Plate 
Current 
Ma. 

D.C. 
Grid 

Current 
Ma. 

Approx. Approx. 
Grid Carrier 

Driving Output 
Power Power 
Watts Watts 

Class-C Amp.-Oscillator 1250 - 175 - - 150 
Class-C Amp. (TelegraphY) 1250 -125 150 25 7.0  130 
Class-C Amp. (Telephony) ephon y) 1000 -135 150 50 , 14 -1-00-- 
Class-13 AMP. (Telephony)-  1250 - 45 105 3-.-(7-  3.0-  - 42.5 

_ _ _ 

Class-C Amp. (Telegraphy) 1500 - 200 170 12 3.8 200  
Amp. (Telephony) 1250 -160 167 19 5.0 160 

Class-B Amp. (Telephony) 1500 - 48 100 3.0 2.0 52 
Class-C Amp. (Telegraphy) 1250 - 225 150 18 7.0 130  
Crass-C Amp. (Telegraphy) 1000 - 260 150 35  14  100  
Class--13 Amp. (Telephony) 1250 - 100 106 1.0 7.5 42.5 
Class---C Amp. (Telegraphy) 1250 -175 150 - -  130  
Gass-C Amp. Plate-Mod. 1000 - 160 150 - 100 
Class-B Ami). (Telephony) - 1156-  -- 80 1-20  -
Class-C Amp. (Telegraphy) 1250 - 175 150 - -  130 
Class-k Amp. Plate-Mod. 1000 - 160 150 50 -  100 
Class-B Amp. (Tele-Phony) 1250 -  90 120 - - 50 
Class-C Amp. (Telegraphy) 1250 - 175 125 - - 100 
Class-C Amp. Plate-Mod. 1000 -160 150 50 - 100 
Class-B Amp. (Telephony) 1250 - 100 125-   -50 - 
Class-C Amp. (Telegraphy) 1250 - 175 125 - - 100  
Class-C  Amp. Plate-Mod.  1000 - 160 125 50 
Class-B Amp. (Telephony) 1250 - 100 125 -  
Class-C Amp.  (Telegraphy) 1250 - 500 150 
Class-C Amp. Plate-Mod. 1000 
Class-B Amp. (Telephony) 
Class-C Amp. (Telegraphy) 
Class-C Amp. Plate-Mod. 
Class-B Amp. (Telephony) 

-430 150 50 
1250 - 270 120 
1250 -125 150   - 125 
1000 -125 150 50  - 100  

- 75 105 -  42.5 

Class-C Amp. (Telegraphy) 1250 - 90 150 30 6.0 130 
Class-C Amp. (Telephony) 1000 - 135 150 60 16 100 - 
Class-B Amp. (Telephony) 1250 0 106 15 6.0 42.5 
Class-C Amp. (Telegraphy) eg ra ph y) 3000 - 600 85 15 12 165 
Class-C Amp. (Telephony) 2000 - 500 67 30 23 75 

Class-B Amp. (Telephony) 3000 - 250 I 43 0 -7.-6-  - 40-
Class-C  Amp.-Osci Ilator 1350 -180-I  -545 - 35 11 250 
Class-C Amp. Plate-Mod. 1100 - 260 200 40 15 167  
Class-B Amp. (Telephony) 1350 -110 110 1.5 8  50 
Class-C Amp.-Oscillator 1000 - 206- t 150 70 -  65 
Class-C Amp. (Telegraphy)  1500 - 250 I 250 30 11  300  
Class-C Amp. Plate-Mod. 1500 - 290 160 25 10  200  
Class-13 Amp. (Telephony) 1500 i - 100 120 1 6 65.5 

Trae 

HF140  

203A 
303A 

203H 

211 
311 
835 

85 
50 

125 
100 
50 

2428 
34213 

242C 

261A 
361A 

276A 
376A 

2848 

295A 

838 
938 

852 

8003 

3C22 

F-123-A 
DR-123C 



TABLE XIV - I RIODE TRANSMITTING TUBES - Continued 

Max. 
Plate 

Type Dissipa-
tion 
Watts 

RK57/ 
/805 

T125* 

Cathode 

125 

Volts Amps. 

Max. 
Plate 

Voltage 

Max. 
Plate 

Current 
Ma. 

Max. 
D.C. Amp. 
Current ^ me'. Current Factor 

Ma. 

10 3.25 1500 210 70 

125 

HF130  
HF150 
HF175 -

125 
125 
125 

GL146 125 

10 

10 
10 
10 

4.5 

3.25 
3.25 
4.0 

2500 250 60 

1250 
1500 
2000 

210 
210 
250 

10 

G1152 

805 

150T.2 

152TH 
1521L 

1W150 

125 10 

3.25 1500 200 60 

25 

12.5 
12.5 
18 

Interelectrode 
Capacitances (era.) 

Grid Grid Plate 
to to to 
Fil. Plate Fil. 

6.5 

6.3 

Base 
Socket 
Connecv 
lions' 

Typical Operation 

8.0 

6.0 

9.0 
7.2 
6.3 

5.0 4-pin J. T-3AB 

1.3 4-pin J. 

-  4-pin J. 
-  4-pin J. 
- 4-pin J. 

75 7.2 

3.25 1500 

125 

150 

150 

10 3.25 1500 

5.0 

5 1012 

10 
12.51 
6.25 

150 10 4.1 

3000 

3000 

200 60 

210 

200 

450 

3000 200 

70 

50 
85 
75 

60 

111C252-L** 8 

HF200 
HV18 

150 5/10 o 13 6.5 

150 

HD203A 150 
HF250 150 

3.4 

10 
10.5 

3000 

2500 

4.0 2000 
4.0 2500 

500 75 

25 

40 60 

13 
20 
12 

35 

7.0 

9.2 

8.8 

8.5 

3.0 
5.7 
4.5 

3.9 

6.5 

3.9 

4.0 

10.5 

3.5 
4.5 
4.4 

2.0 

0.5 
0.8 
0.7 

0.8 

4-pin GL 

4-pin GL 

4-pin J. 

4-pin J. 

Special 

4-pin J. 

T-3AC 

T-4BG 

T-49G 

T-3A8 

10 7.0 5.0 0.4 

200 50 

250 60 
200 - 

HK354 

HK354C 

HK354D 

150 

150 

5.0 10 4000 300 50 

18 

25 
18 

14 

5.2 5.8 

12 
- 5.8 

4.5 3.8 

1.2 

1.1 

5.0 10 4000 

HK354E 150 5.0 10 4000 

300 

300 

55 

60 

HK354F 150 

810 6 
1627 4 

5.0 10 4000 300 75 

150 10 
5.0 

4.5 
9.0 

2250 275 70 

22 

35 

50 

36 

4.5 

4.5 

4.5 

8.7 

3.8 

3.8 

3.8 

4.8 

Special 

4-pin J. 

4-pin J. 
4-pin J. 

4-pin J. 

1.1 4-pin J. 

1.1 4-pin J. 

1.1 4-pin .1. 

12 4-pin J. 

T-3AC  

48C 

T-3AC 

T-48F 

T-3 AC 

T-3 AB 
T-3 AC 

T-3AC 

T-3AC 

T-3AC 

T-3AC 

T-3AC 

Class-C Amp. (Telegraphy) 
Class-C Amp. (Telephony) 
Class-B Amp. (Telephony) 
Class-C Amp.  (Telegraphy) 
Class-C Amp. Plate-Mod. 
Class-C Amp.-Oscillator 
Class-C Amp.-Oscillator 

lass-C Amp.-Oscillator 
Class-C Amp.-Oscillator 
Class-C Amp. Plate-Mod. 
Class-B Amp. (Telephony) 
Class-C Amp.-Oscillator 
Class-C Amp. Plate-Mod. 

Class-B Amp. (Telephony) 
Class-C Amp.  (Telegraphy) 
Class-C Amp. Plate-Mod.  
Class-B Amp. (Telephony) 
Class-C Amp. (Telegraphy) 
Class-C Amp. (Telegraphy) 
Class-C Amp. (Telegraphy) 
Class-C Amp.-Oscillator 
Class-C Amp. Plate-Mod. 
Class-C  Amp.-Oscillator 
Class-C Amp. Plate-Mod. 
Class-C Amp. (Telegraphy) 
Class-C Amp. Plate-Mod. 
Class-8 Amp. (Telephony) 
Class-C  Amplifier   
Class-C Amp.-Oscillator 
Class-C Amp. (Telegraphy) 
das-i---C7 4%;p. Plate-Mod. - 
Class-B Amp. (Telephony)  
Grid-Modulated Amp. 
lass-C  Amp. (Telegraphy) 
lass-C  Amp. Plate-Mod.  
lass-C  Amp. (Telegraphy) 

Class-C Amp.  Plate-Mod.  
Class-C Amp. (Telegraphy)  
Class-C Amp. Plate-Mod. 
Class-C Amp. (Telegraphy)  
Class-C Amp. Plate-Mod.  
Class-B Amp. (Telephony)  
Grid-Modulated Amp. 

Plate 
Voltage 

1500 
1250 

-1500 
2500 
2000 
1250 
1500 
2000 
1250 
1000 
1250 
1250 
1000 
1250 
1500 
1250 
1500 
3000 
3000 
3000 
3000 
3000 
3000  
2500 
2500 
2000 

-250-9 

Grid ,1 Plate 
CurrentVoltage 
Ma. 

-105 200 
-160 I160 
- 10  115  
- 200 240 
-215 200 
-210 - 

210 
250  

-150 180  
-200 160 
0 132 

-150 180 
-200 160 
- 40 132  
-105 200 
-160 160  
- 10 115 
-600 200 
- 300 250 
-400 250 
-170 200 
-260 165  
-400 250 
-350 250 
-300 200 

=35b- - 16tr-
-140 90 

D.C. 
Grid 

Current 
Ma. 

Approx. 
Grid 

Driving 
Power 
Watts* 

Approx. 
Carrier 
Output 
Power 
Watts 

Type 

ao 
60 
15 
31 
28 

8.5 
16 
7.5 

11 
10 

215 
140 
57.5 

475  
320 
170 
200 
300 
150 
100 

RK57/ 
/805 

7125 

HF130 
HF150 
HF175 

30 
40 

30 
30  

40 
60 
15 
35 
70 
40 
45 
40 
30 
35 
18 
20 

55-
150 
100 
55 

GL146 

GL152 

8.5 
16 
7.5  

27 
20 
17 
17 
15  
16 
8.0 
9.0 
4.0 

215 
146-
57.5 

450  
600  
600 
470 
400 
610 
500 
380 
250 
80 

375 
375 
830 
525 

805 

1507 

152TH 
152TL 

TW150 

2500 
4000 
3000 
3000 
3000 
3500 
3500 

- 690 
-550 
-205 
-400 
-490 
-425 

3500 - 448 
3000 -437 
3500 - 368 
3000 -312 
2250 -160 
1800 -200 
2250 - 70 

-140 

200 
245 

- 210-
78 
78 

240 
210  
240 
210 
250 
210 
275 
250 
100  
100 

50 
- 50-

2.0 
3.0 

50 
55 
60 
60 
75 
75 
40 
50 
2.0  
2.0 

48 
15 - 
10 
12 
38 
36 
45 
45 
50  
45 
12 
17 

HK252-L 

HF200 
HV18 

82-

4.0 
4.0 

85 
690 
525--
690  
525 
720 
525 
475  
335  
75  
75 

HD203A  
HF250  

HK354 

HK354C 

HK354D 

HK354E 

I-IK354F 

810 
1627 



TABLE XIV - TRIODE TRANSMITTING TUBES - Continued 

Type 

• 

Max. 
Plate 

Dissipa-Dissipa- 
tion 
w atts 

1 Cathode 
Max. 
Plate 

Voltage 

Max' 
Plate 

Current 
k, 
'ye' 

Max. 
D.C. 
Grid 

Current 
Ma. 

Amp. 
Factor 

- 
Interelectrode 

Capacitances 

-  - 

(rurid.) 

Base , 
Socket 
Connec- 
tions , 

Typical °potation Plate 
Voltage 

Grid 
Voltage 

Plate 
Current .._ 

r''''' 

D .C. Grid 
Current 
Ma. 

Approx. 

DGrivriidng 
Power 
Watts , 

Approx. 

Output 
Power 
Watts 

'NM 
Volts Ansps. 

Grid 
to 
Fil. 

Grid 
to 

Plate 

Plate 
to 
Fil. 

8000 , 150 10 4.5 2250 275 40 16.5 5.0 6.4 3.3 4-pin J. 

4-pin J. 

4-pin J. 

4-pin J. 

4-pin J. 
4-pin J. 

T-3AC 

7-3AC 

Class-C Amp.-Oscillator 2250 -210  
-320  
-145 

275 25 9.0 475 

8000 
Class-C Amp. Plate-Mod. 1800 250  

100 
20 8.8 335 

Class-8 Amp. (Telephony) 2250 0 5.4 75 
Grid-Modulated Amp. 2250 -265 100 0 2.5 75 

RK63 
RK63A 2" 5.0 

6.3 
10 
14 

3000 250 60 37 2.7 3.3 1.1 

Class-C Amp. (Telegraphy) 3000 -200  
-200 

233  
205 
100 

45  
50 

17 
19-  
12 

525 
-405 
100 

RK63 
RK63A 

Class-C Amp. Plate-Mod. 2500 
3000 Class-8 Amp. (Telephony) -150 1.0 

Grid-Modulated Amp. 3000 -250 100 7.0 12.5 100 

7200 200 10 5.75 2500 350 80 16 9.5 7.9 1.6 T-3AC 

Fig. 26 

Class-C Amp. (Telegraphy) 2500 -280 350 54 25 685 
7200 Class-C Amp. Plate-Mod. 2000 

3000 
-260  
-250 

300 54 23 460 

F-127-A 200 10 2.0 3000 325 70 38 13 

8.5 

4 

13.5 

6.5 

12.8 

13 Class-C Amp. (Telegraphy) 250 
200 
300 

47 18 600 
F-127-A 

Class-C Amp. Plate-Mod. 2500 -300 58  
51 

25.2 420 
822 
8225 200 10 4.0 2500 300 60 30 2.1 T-3AB 

T-3AC 
Class-C Amp. (Telegraphy) 2500 -190 17 

13.7  
16 

600 
-405 
600 

822 
8225 Class-C Amp. Plate-Mod. 2000 -75 250 43 

HF300 200 11-12 4.0 3000 275 60 23 6.0 1.4 

1.7 

4-pin J. 

4-pin J. 

7-3AC 
Class-C Amp. (Telegraphy) 3000  

2000 
-400 
-300 

250 
250 

28 

HF300 

T814 
HV12 

Class-C Amp. Plate-Mod. 36 17 385 
Class-8 Amp. (Telephony) 2500 -100 120 0.5 6.0 

10 
20 

105  
575 T814 

HV12 20 0 10 40 . 2500 200 60 12 8.5 T-3AB 
Class-C Amp. (Telegraphy) 2500 -240 300 30 
Class-C Amp. Plate-Mod. 2000 -370 300 40 485 

T822 
HV27 200 10 4.0 2500 300 60 27 8.5 13.5 2.1 4-pin J. T-3A8 

ClassC Amp. (Telegraphy) 2500 -175 300 50 15 585  
400  
110 

Class-C Amp. Plate-Mod. 2000 -195 250 45 15 leb 
Class-8 Amp. (Telephony) 2500 - 95 125 5.0 8.0 

806' 

250TH 

250TL 

GL159 

225 5.0 10 

10.5 

3300 

4000 

300 50 12.6 6.1 4.2 1.1 4-pin J. T-3AC 

7-3AC 

Class-C Amp. (Telegraphy) 3300 -600 300  

195  
102 

40 34 780 

806 Class-C Amp. Plate-Mod. 3000 -670 27 24 460 
Class-8 Amp. (Telephony) 3300 -280 - 10.3 115 

250 5.0 350 100 

50 

37 5.0 2.9 0.7 4-pin L 

Class-C Amp. (Telegraphy) 2000 -120 350  
330 

100 34 750 

250TH 
Class-C Amp. Plate-Mod. 3000 -210 75 42 750 
Class-8 Amp. (Telephony) 3000 - 80 125 4.0 15 125 
Grid-Modulated Amp. 3000 -160 125 4.0 20 125 

250 5.0 10.5 4000 350 14 3.7 3.1 0.7 4-pin J. 

4;pin GL 

T-3AC 

Class-C Amp. (Telegraphy) 3000 -350 335 
91s  
125 

45 29 750 

250TL 
Class-C Amp. Plate-Mod. 3000 -350 45  

2.0 
29  
15 

750  
125 Class-8 Amp. (Telephony) 3000 -225 

Grid-Modulated Amp. 3090 -450  
-200 

125 2.0 15 125 

250 10 9.6 2000 400 

400 

100 

100 

20 

85 

11 

11.5 

17.6 5,0 T-413G 
Class-C Amp.-Oscillator 2000 400 17 6.0 620 

GL159 

GL169 

Class-C Amp. Plate-Mod. 1500 -240 400 23 9.0 450 
lass-8 Amy. (Telephony) 2000 - 90  

-100 
190  
400 

-  
42 

2.5 
10 

130 
620 

GL169 250 10 9.6 2000 19 4.7 4-pin GL 7-4BG 
lass-C Amp.-Oscillator 2000 
less-C Amp. Plate-Mod. 1500 -100 400  

190 
45 
- 

10 450 
lass-B Amp. (Telephony) 2000 - 10 3.5 130 

204A 
304A 250 11 3.85 2500 275 80 23 12.5 15 2.3 Special T-1A 

lass-C Amp. (Telegraphy) 2500 -200 250 30 15 450 
204A 
304A lass-C Amp. Plate-Mod. 2000 -250 250 35 20 350 

lass-8 Amp. (Telephony) 2500 - 70 160 - 15 100 



TABLE XIV - TRIODE TRANSMITTING TUBES - Continued 

s Max. 
Plate 

Type Dissipa-
tion 
Watts 

308B 

Cathode 
Max. 
Plate 

Volts 
Voltage 

Amps. 

250 14 4.0 

HK154H 250 5.0 11 
il1(151-1. 250 5.0 11 

212E 
241B 275 14 4.0 
312E 

3001 300 

HK3111L 300 

527 300 

HK654 300 

304TH 
304TL 

- 

300 

833A 300 

- 

270A 350 

849' 400 

831 • 400 

8.0 11.5_ 

510 26 13 

5.5 135.0-

7.5 15 

5 10. 25 123 

10 10 

10 4.0 

11 5.0 

11 10 

2250 

5000 
5000 

Max. 
Plate 

Current 
Ma. 

325 

- 375 
375 
- - 

3000 350 

3500 

3000 

207(00 

4000 

3000 

3000 

3000 

2500 

350 

1000 150 

600 

900 

500 

375 

350 

100 

Max. 
D.C. 
Grid 

Current 
Ma. 

Amp. 
Factor 

75 8.0 

8-5 30 
60 

75 

12 

16 

75 16 _ 

10 

38 

22 

170 20 
150 12 

100 35 

75 

125 

3500 350 75 

1S. - small; M. - medium; J. - jumbo; O. - octal. 
1 Refer to Transmitting Tube Diagrams. 
'See Chapter Five for discussion of grid driving power. 
' Obsolete type. 
° Instant-heating filament for mobile use. 
° Intermittent commercial and amateur service ratings. 
1 Twin triode. Values, except interelement capacities, ere for 

both sections, in push-pull. 
°The 805 has a variable high-,s grid. 
° All wire leads. Ratings at 500 Mc. 
1° Gaseous discharge tube for use on 110-volt d.c. 
" Output at 812 Mc. 

16 

19 

14.5 

Interelectrode 
Capacitances (, dd.) 

Grid Grid Mate 
to to to 
Fil. Plate Fil. 

13.6 17.4 9.3 

4.6 3.4 1.4 
46 3.4 1.4 

14.9 18.8 8.6 

4.0 '1- 4.0 06 

12 9.0 0.8 

19.0 -12.0 1.4 

6.2 5.5 

13.5 10.2 
8.5 9.1 

12.3 6.3 8.5 

18 21 2.0 

17 33.5 

3.8 4.0 

Base s 
Socket 
Connec-
tions - 

4-pin W.E. T-2A 

Typical Operation Plate Grid Plate 
Voltage Voltage CuMrrae.nt 

4-pin J. T-3AC-
4-pin .1. T-3AC 

4-pin W.E. T-2A 
3-pin W.E. T-2AA 

4-pin--.1• T-3AC _  _ _ 

Special T-48F 

Special 

1.5 4-pin J. 

0.7 Special 
0.6 Special 

Special 

Special 

3,0 Special 

1.4 Special 

Class-C Amplifier 

Class-C Amp. (Telegraphy) 
Class-C Amp. Plate-Mod. 
Class-8 Amp. (Telephony) 
Class-C Amplifier 

Class-C  Amplifier   
Class-C Amp. (Telegraphy) 

Class--C Amp. Prate-Mod.  Class-B Amp. (Telephony) 

T-48 Oscillator at 200 Mc. 
Class-C Amp. (Telegraphy) 
Class-C Amp. Plate-Mod. 
Class-B Amp. (Telephony) 
Grid-Modulated Amp.  

7-413F Class-C Amplifier  
T-48F  Class-C Amplifier  

Class-C Amp. (Telegraphy) 
T-1 AB Class-C Amp. (Telephony) _ _ _ 
  Class-B Amp. (Telephony) 

Class-C Amp. (Telegraphy) 3000 - 375 350 

T-1A ClaC ATitp. Plate-Mod. --- 2250 I - 300 300 i 80 
Class-B Amp. (Telephony) --  3000 -1 180 175 - 
Class-C Amp. (Telegraphy) 2500 - 250 s 300 20 

T-IA Class-C Amp. (telephony) -- 261110 300 300 30 
  Chss-B Amp. (Telephony) -- 2500 s - 125 216 

Class-C Amp. (Telegraphy) 3500- --7 400 275 40 
T-1 AA CIrdsk Amp. (Telephony)- s  3000-  = 20-0 200 -60-

Class-13 Amp. (Telephony) 3500 - 220 146 - 

T-3AC 

s, Calculated at 33 per cent efficiency for 100 per cent modula-
tion. 

I, Multiple-unit tube with dual filaments which can be connected 
in series or parallel. 

" Forced-air cooling is recommended at ratings above 75 per 
cent of maximum. 

',See Receiving Tube Base Diagrams, 
1" Input resonant frequency approximately 335 Mc. 
1' Subject to wide variation. s' Cathode resistor in ohms. 
19 Grid-leak resistor in ohms. 
" Approximately 45 milliwatts output at 1200 Mc. (With 100 

volts and 2000-ohm grid resistor). 

3500 
2000 

- 600 300 
-300 500 

D.C. 
Grid 

Current 
Ma. 

60 

Appeox.'Approx. 
Grid Carrier 

Driving s Output 
Power , Power 
Watts Watts 

---- 1800 
-- 800 

Type 

3088 

1750 - 400 300 - - 350 HK454H 
1250 - 320 300 75 - 250 HK451-L 
1750 -230 215 - I- 125 

212E 
3500 - 275 270 60 28 760 2418 
3500 - 450 270 45 30 s 760 312E 
2000 - - 225 -300 - 400 
1-500 -- 200 300 75-   ---- 300-
2000 -120 300  - - 900-_ 

Approximately 250 watts output 

3007 

HK304-1. 

527 

2000 - 380 500 75-  ' 57 720--
2000 1 365 450 110- 1 70 655 

HK654 
3500 - 137 150 13-  I -1-3- 21 0  
3500 1 - 210 150 15 15  210 --   

1500 '-- 125 667 115 25 700 304TH 
1500 -251) 665 90 33 - 700 304TL 

2000 s - 200 475 65  25 740--
2500 -300 , 335 75 30 635-  833A 

3000 70 150 ' 2.0 10 150-
- ----  700 

8.0 
14  

12 
30 590 
50 -- -360 831 
- 160 

450 
-175-
560  

425 849 
180 

270A 

21 At 40 Mc. At 150 Mc. Absolute maximum. 
Max. peak volts, plate pulsed. Pulse power output. 

" Duty cycle 0.5. ' Duty cycle = 0.1. 
" Values are for two tubes. 

Frequency limits: 
• May be used at lull ratings on 56-60 Mc. band end lower. 

• • May be used at full ratings on 112-Mc, band and lower. 
••• May be used at full ratings on 224.Mc, bend and lower. 

• •• • May be used at full rating above 300 Mc. 



TABLE XV-TETRODE AND PENTODE TRANSMITTING TUBES 

Typo 

Max. 
Plate 

Dissipa- 
tien Watts 

Cathode 
Max. 
Plate 

Voltage 

Max. 
See" 
Voltage 

Max. 
Screen 
Dint"' 

Watts 

Interelectrode 
Cap (pad.) ffl 

Base , 

7-pin B. 

Socket 
Connec- 

2 

7138" 

Typical Operation 
te Plate 

Voltage 

, 

Screen 1 

Voltage 

Sap- 
pressor 
Voltage 

Grid _ 
,, ..., 
'°"•9` 

ate Pl! 
Current 
Ma. 

Screen 
Current 
Ma. 

G rid 
Current 
Ma. 

Screen ' 
Resistor 
Ohms 

Approx. 
Grid 
Driving 
Power 
Watts , 

Approx. 
Carrier 
Output 
Power 
Watts 

Typation 
Volts Amps. 

Grid 
to 
Fil. 

4.8 

Grid 
to 

Plate 

0.2 

Plate 
to 
Fit. 

4.2 3A4 2.0 
1.4 
2.8 

0.2 
0.1 150 135 0.9 Class-C Amp.-Oscillator 150 135 0 - 26 18.3 6.5 0.13 2300 -- 1.2 3A4 

HIM*" 
3.0 

2.2 
1.25 

0.1125 
0.225 200 100 0.6 8.0 0.1 8.0 7-pin O. T-8DB 

Class-C Amp.-Osc. 200 
180 

100 - - 22.5 20 4.0 2.0 
2.0 

-  
- 

0.1 3.0 
HY63 

Class-C Amp. Plate-Mod. 100 - - 35 15 3.0 0.2  

0.18 

2.0  

10 
RK64 • 5 6.0 6.3 0.5 400 100 3.0 10 0.4 9.0 5-pin M. T-5BB 

Class-C Amp. (Telegraphy) 400 
300 

100 
- 

30 
30 

- 30 35 10 3.0 - RK64 
Class-C Amp. Plate-Mod. - 30  

- 50 

- 40 

26 
22.5 

8.0 4.0 30000 0.2 6.0 

1610 6.0 2.5 1.75 400 200 2.0 8.6 1.2 13 5-pin M. T-5CA Class-C Amp.-Oscillator 400 150 - 7.0 1.5 - 0.1 5.0 1610 

RK56 RK56* 8.0 6.3 0.55 300 300 4.5 10 0.2 9.0 5-pin M. T-5BB , 
Class-C Amp. (Telegraphy) 400 300 - 62 12 

10 
38 

1.6 - 0.1 12.5 
8.5 Class-C Amp. Plate-Mod. 250 200 

200 
150 
200 

200 
200 
200 
200 
200 

- - 40 50 1.6 
.4.0 

2800 
- 
8300 
- 

0.28 
0.5 
0.8 RK23 

RK25 
RK25B 5 

10 
2.5 

6.3 

2.0 

0.9 
500 250 8 10 0.2 10 7-pin M. T-7C 

Class-C Amp. (Telegraphy) 500 e - 90 55 22 RK23 
RK25 
RK25B 

Class-C Amp. (Telephony) 400 0 - 90 43 
31 

30 6.0 
4.0 

13.5 

Suppressor-Modulated Amp. 500 -45 - 90 39 0.5 6,0 

1613 

6F6 
6F6G 

10 

- 

6.3 0.7 350 275 2.5 8.5 

6.5 
8.0 

16 

0.5 11 .5 7-pin O. 75" 
Class-C Amp. (Telegraphy) 350 - 

- 
- 
- 

40 
40 

-65 

- 35 
- 35 

50 
42 

10 3.5 20000 
10000 

0.22 9 
1613 

Class-C Amp. Plate-Mod. 275 10 
10 

10 

2.8 
3.5 

0.16 
0.22 

6.0 

11 6.3 0.7 375 285 3.75 
0.2 
0.5- 

0.2" 

13 
7-pin O. 7AC ,, 

Class-C Amp.-Oscillator 350 
275 

- 35 50 
- 

9.0 
6.0 

6F6 
6F6G -6 Class-C Amp. Plate-Mod. - 35 42 2.8 0.16  

0.4 

837 
RK44 5 12 12.6 0.7 500 300 8 10 7-pin M. T-7C 

Class-C Amp. (Telegraphy) 500 - 70 80 15  
20 

4.0 
5.0 

20000 
13000 

28 
837 
RK44 Class-C Amp. (Telephony) 400 

500 
140 - 40 e 0.3 11 

Suppressor-Modulated Amp. - - 20 30 
55 

23 3.5 
2.4 
1.5 
5.0 
2.5 
2.0 

14000 0.1 5.0 

802' 13 6.3 

6.3 

0.9 600 250 6.0 12 0.15 ,, 8.5 7-pin M T-7C 

Class-C Amp. (Telegraphy) 600 250 40 
40 
-45 

- 

-120 
- 40 
-100 

16 22000 
16300 
14500 

0.30 23 
802 

HY6V6.• 
GTX 

Class-C Amp. Plate-Mod. 500 245 40 15 
24 

7.5 
6.0 

0.10 12 

Suppressor-Mod. Amp. 600 250 30 0.6  6.3  

11111626- 
Gil • 13 0.5 350 225 2.5 9.5 0.7 9.5 17-pin O. 7A0, 

Class-C Amp.-Osc. 300 200 - 45 60 
60 

- 
15000 
- 

0.3 12 

Class-C Amp. Plate-Mod. 250 
425 

200 
200 

200 

- - 45 
- 62.5 

0.4 10  

HY6O• -15 6.3 0.5 425 225 2.5 

4.0 

10 

9.1 

0.2 8.5 

7.2 

5-pin M. T-5BB 
Class-C Amp. (Telegraphy) - 60 8.5 3.0 0.3 18 HY60 
Class-C Amp. Plate-Mod. 325 - - 45 

- 45 
60 
75 

7.0 
15 
12 
15 
12 
15 
13  
20 

2.5 -  

- 

0.2 

0.5 
0.5 
0.4 

14  

HY65 * 5 15 6.3 0.85 450 250 ,0.18 7-pin O. T-8DB 
Class-C Amp.-Osc. 450 250 

200 
250 
200 

- 3.0 
3.0 
3.5 
3.0 
3.0 

24 HY65 
Class-C Amp. Plate-Mod. 350 - 

- 
- 

- 45 63 - 16 

2E25 15 6.0 0.8 450 250 4.0 

6.0 

8.5 

13 

0.18 6.0 8-pin O. 

15-pin M. 

Fig. 24 
Class-C Amp.-Oscillator 450 

400 
- 70 75 - 20 

2E25 
Class-C Amp. Plate-Mod. - 45 

- 50 
60 - 0. 4 16  

306A 15 2.75 2.0 300 300 0.35 13 T-5CB 

T-5C 

Class-C Amp. (Telephony) 300 180 - 36 
60 

8000 -  7.0  306A 

307A 
RK-75 15 5.5 1.0 500 250 6.0 15 0.55 

0.0511 

12 

3.8 

5-pin M. 
Class-C Amp. (Telegraphy) 500 250 0 - 35 1.4 20000 

14000 
- 20 307A 

RK-75 Suppressor-Modulated Amp. 500 

500 

200 -50 - 35 40 1.5 - 6.0  

832 * • 1, 15 "  6.3 
12.6 

6.3 
12.6 

1.6 
0.8 500 250 5.0 7.5 Special 7BP 

Class-C Amp. (Telegraphy) 200 - - 65 72 14 2.6 21000 0.18 26 832 

832A 

844 

Class-C Amp. (Telephony) 425 200 - - 60 
- 65 

52 16 2.4 14000 0.15 16 

** 832A832A'° 15 1.6 
0.8 750 250 5.0 7.5 0.05" 3.8 Special 78P 

Class-C Amp. (Telegraphy) 750 200 -  
- 

48 15 2.8 36500 0.19 26 
Class-C Amp. (Telephony) 600  

500 
200 
175 

- 65 36 16 2.6 
5.0 

25000 
- 

0.16 4 7 

844 5 15 2.5 2.5 500 180 3.0 9.5 0.15 7.5 5-pin M. T-5BB 
Class-C Amp. (Telegraphy) - -125 25 --- - 9.0 

4.0 Class-C Amp. (Telephony) 500 150 - - 100 20. - - 
53 

9.0 

- - 

865 15 7.5 2.0 750 175 3.0 8.5 0.111 8.0 4-pin M. T-4C 
Class-C Amp. (Telegraphy) 750 125 - - 80 40 - - 1.0 16 865 

Class-C Amp. (Telephony) 500 125 - -120 40 - - 2.5 10 



TABLE XV-TETRODE AND PENTODE TRANSMITTING TUBES - Contin 

Type 

Max. 
Plate 

Dissipa- 
t1015 
Watts 

Cathode 
Max. 
Plate 

Volt 

Max. 
Screen 
Vol Voltage 

Max. 
Screen 
Dissipa.' 
lion 
Watts 

! Intereloctrode 
Capacitances Gad.) 

Basel 
Socket 
Connec- 
tions 7 

Typical Operation 
plat, 

Voltage 
saiaan 
V Voltas. 

Sug. 
pressor 
Voltage 

Gild 
Voltage 

Plate 
Cusrent 
Ma. 

Screen 
Current 
Ma. 

Grid 
Current 
Me. 

Screen , 
Resistor 
Ohms 

Approx. 
Grid 

Driving 
Power 
Watts' 

Approx. 
Carrier 
Output 
Power 
Watts 

19.5 

Type 
Volts Amps.age 

Gild 
to 
Fil. 

Grid 
to 

Plate 

Plate 
to 
Fil. 

1619 15 

20 

2.5 2.0 400 300 3.5 10.5 0.35 12.5 7-pin O. 7ACH 
Class-C Amp. (Telegraphy) 400 300 - - 55 75 10.5 5.0 9500 0.36 
Class-C Amp. Plate-Mod. 325 285 - - 50  62  

e 
62 
e 

7.5 
- 

2.8 5000 0.18  1619 
254A 5.0 3.25 

09 
750 175 5.0 4.6 0.1 9.4 4-pin M. T-4C Class-C Amplifier 750 175 

200 
- - 90 - 

3.5 
-  -  

13  
25  254A 

6L6 21 
63 

6.3 

375 300 
- 3.5 

10 0.4 12 
7-pin O. 7AC" 

Class-C Amp.-Oscillator 375 -- - 35 88 
e 

9.0 -- 0.18 17  6L6 
6L6G 

11.5 0.9 9.5 

7.0 

Class-C Amp. Plate-Mod." 325 - - - 70  - 9.0 - 0.8  
6L6GX 21 0.9 500 300 3.5 11 1.5 7-pin O. TAC 

Clau-C Amp. (Telegraphy) 500 250 - - 50 90 9.0 2.0 - 0.25 
11 
30 

6L6GX 

HUM 
Gil 

Class-C Amp. Plate-Mod. 325 225 - - 45 90 9.0 3.0 - 0.25  20  
MU- 
GTX* 21 6.3 0.9 500 300 3.5 11 0.5 7.0 7-pin O. 7AC Class-C Amp.-Osc, 500 250 - - 50 9 0 9.0 2. 0 - 0.5 30 

Class-C Amp. Plate-Mod. 400 225 - - 45 90 9.0 3.0 16000 0.8  
T21* 21 6.3 0.9 

0.9 

400 300 3.5 13 0.7 12 6-pin M . T-613 Class-C Amp. (Telegraphy) 400 250 - - 50 95 8.0 3.0 - 0.2 
20 
25  
14 T21 Class-C Amp. Plate-Mod. 350 200 - - 45 e 

95 
17 5.0 -  0.35  

RK49 21 6.3 
_ 

6.3 

400 300 3.5 11.5 1.4 10.6 6-pin M. T-68 Class-C Amp. (Telegraphy) 400 250 - - 50 8.0 3.0 - 0.2 25  
12 

21 

RK49 

1614 

Class-C Amp. (Telephony) 300  
375 

200 
250 

- - 45 60 15  5.0 6700 0.34  
1614 * 21 0.9 375 300 3.5 10 0.4 12.5 

10 

7-pin O. TAC lass-C Amp. (Telegraphy) - - 40 80 10 2.0 12500 0.1 
Class-C Amp. Plate-Mod. 325 - - - 40 70 8.0 2.0  10000 0.1  15  RK41 * 1 

121(39* 
,.. 
.e 

2.5 
6.3 

6.30 

2.4 
0.9 699 3" 3,5 13 0.2 5-pin M. T-51113 Class-C Amp. (Telegraphy) 600 300  

250 
-  
- 

- 90  
- 50  

93 10 3.0 - 0.38 36 18(41 
RK39 

Hy61 / 
807 

Class-C Amp. (Telephony) 475 85 9.0 2.5 25000 0.2  20 
40  
27 

HY61/ 
807* 

25 .9 600 300 3.5 11 0.2 7.0 5-pin M. T-5111) Class-C Amp. (Telegraphy) 600 250 - - 50  100 9.0 3.0 39000 0.22 
Class-C Amp. (Telephony) 475 250 - - 50 83 9.0 15 25000 0.2  

7 215" 10 25 6.3 

7.5 

1.6 500 200 4.0 

10 

13.3 0.2 u 8.5 

5.4 

8-pin O. T-8FA77 Class-C Amp.-Oscillator 500 200 

175 

- 

- 
- 

- 45 150 

150 

17 2.5 - 0.13 56 

45  
30  
35 

 815  

254B 

1624 

RK66 

807 
1625 

815 

254B 

1624 

RK66 

807 
1625 

Class-C Amp. Plate-Mod. 400 - 45 15 3.0 - 0.16  
2548 25 125 750 150 11.2 0.085 4-pin M. T-4C Class-C Amplifier 750 150 -135  75  - - -  -  
1624* 25 2.5 2.0 600 300 3,5 11 0.25 7.5 5-pin M. T-5DC Class-C Amp. (Telegraphy) 600 300  

275 
- - 60 90 10 5.0 30000 0.43 

Class-C Amp. Plate-Mod. 500 

600 

- - 50 75 9.0 3.3 25000 0.25  24 

40 RK66* 30 6.3 1.5 600 300 3.5 12 0.25 10.5 5-pin M T-5C 
• 

Class-C Amp.-Oscillator 300 - - 60 90 
75 

11 5.0 - 0.5 
Class-C Amp. Plate-Mod. 500 -- - - 50 8.0 12  25000 0.23  25  

50 807 * 7 
1625" 30 6.3 

12.6 
0.9 
0.45 750 300 3.5 11 0.2" 7.0 5-pin M. 

7-pin M. 
T-5813 
Fig. 29 

Class-C Amp. (Telegraphy) 750 250 - - 50 100 8.0 3.0 - 0.22 
Class-C Amp. Plate-Mod. 600 275 -  - 90 100 6.5 4.0 - 0.4 

2E22 30 6.3 1.5 750 250 10 13 0.2 8.0 5-pin M. 

5-pin M. 

5.114 

T-5C 

Class- C Amp.-Oscillator 750 250 -60 - 60 100-  16 - - - 
42.5  
48 

2E22 

RK20 
 RK20A  

RK445 

Suppressor Med. Amp.  
lass-C Amp. (Telegraphy) 

750 

1250 

250 -90 - 90 55 29 _ _ _ 16.5 

84 RK20 1 
RK20A 
RK46 

40 
7.5 
7.5 

12.6 

3.0 
3.25 
2.5 

1250 300 15 14 0.01 12 

300 45 -100 92 36 11.5 - 1.6 
Cl ass-C Amp. (Telephony) 1000 300 0 -100 75 30 10 23000 1.3 

 RK20A  
RK445 

52 

21 Suppressor-Modulated Amp. 1250 300 -45 -100 48 44 11.5 - 1.5 
Grid-Modulated Amp. 1250 300 45 -142 40 7.0 1.8 - 1.5 20  

HY69* 6 40 6.3 1.5 600 300 5.0 15.4 0.23 6.5 5-pin M. T-5D 
lass-C Amp.-Oscillator 600 250 - - 60 100 12.5 4.0 30000 0.25 42 

HY69 Class-C Amp. Plate-Mod. 600 250 - - 60 100 12.5 10 30000 0.35 42 
Modulated Doubler 600 200 - -300 90 11.5 6.0 35000 2.8 27 

229"" 
.., 
411 

6.3 
12.6 

2.25 
1.12 500 225 40 14.5 0.1 7, 7.0 Special 

Class-C Amp. (Telegraphy) 500 200 - - 45 240 32 12 9300 0.7 83 

829 7BP" Class-C Amp. Plate-Mod. 425 200-  - - 60 212 35 11 6400 0.8 63 
Grid-Modulated Amp. 500 200 - - 38 120 10 2.0 - 0.5 23 



TABLE XV - TETRODE AND PENTODE TRANSMITTING TUBES - Continued 

Type 

Max. 
Plate 

Dissipa-
tion 
Watts 

8294"*'° 40 

8298 • • 10 
3E29 •'° 

40 
28 
40 

HT1269*' 

RK47 

312A 

40 

Cathode 

Volts Amps. 

6.3 2.25 
12.6 1.12 

12.6 1.125 
6.3 2.25 

6.3 3.5 
12.6 1.75 

50 

50 

10 

10 

3.25 

2.8 

Max interelectrode 
Max. Max. Screen Capacitances (Md.) 
Plate Screen Dissipa- ,- ..., 

Voltage un Voltage lion a Grid Plate 
Watts I. to to 

Fil.  Fil. 

750 

750 
600 
750 

240 7.0 14.4 

225 
225 
225 

750 

1250 

1250 

300 

6 
7 
7 

14.5 

5.0 

300 

500 

10 

16.0 

13 

20 15.5 

*" 804 
Ca 

305A 

50 

60 

HY67 65 

7.5 

10 

3.0 

3.1 

6.3 
12.6 

4.5 
2.25 

1500 300 

1000 200 

15 

6 

16 

10.5 

1250 

814' 65 

282A 70 

4E27/ 
8001 75 

HK257* 
HK25711** 

828 

RK28 

75 

10 

10 

5.0 

3.25 1500 

300 

300 

10 

10 

5.0 

80 

100 

10 

3.0 1000 

7.5 4000 

7.5 4000 

3.25 

10 5.0 

2000 

250 

750 

5.0 

30 

13.5 

12.2 

12 

0.1" 

0.1 

0.25 

0.12 

0.15 

0.01' 

0.14 

0.19 

0.1" 

0.2 

0.06 

500 25 

750 

2000 400 

23 

13.8 0.04 

13.5 

35 15 

0.05" 

0.02 

7.0 

7.0 

7.5 

10 

12.3 

14.5 

5.4 

14.5 

Base 
Socket 
Connec-
tions , 

Typical Operation 
Sup- ., Plate Screen 

Plata Screen ""° Current Current 
Voltage Voltage presser Voltage Ma. Ma. 

Special 

Special 

5-pin M. 

5-pin hot 

6-pin h4 

5-pin hA 

4-pin M 

5-pin M. 

13.5 

6.8 

6.5 

6.7 

5-pin M. 

4-pin M. 

Class-C Amp.-Oscillator  
7BP" Class-C Amp. Plate-Mod.  
 Grid-Modulated Amp. 

Class-C Amp. (Grid Mod.)  
7BP" Class-C Amp. (Plate-Mod.)  
 Class-C Amp. (Telegraphy)  

Class-C Amp.-Oscillator  
T-5DEP Class-C Amp. Plate Mod.  
  Grid-Modulated Amp.  

Class-C Amp. (Telegraphy)  
T-5D Class-C Amp. Plate-Mod.  
  Grid-Modulated Amp.  

Class-C  Amp. (Telegraphy)  
T-6C Class-C Amp. Plate-Mod.  
  Suppressor-Mod. Amp.  

Class-C Amp. (Telegraphy)  

1-SC Class-C Amp. Plate-Mod.  
Grid-Modulated Amp. 

 Suppressor-Mod. Amp.  

T 4CE Class-C Amp. (Telegraphy)  
- Class-C  Amp. (Telephony) 

Class-C Amp. (Telegraphy)  
T-5DB Class-C Amp. Plate-Mod.  
  Grid-Modulated Amp.  

Class-C Amp. (Telegraphy)  
T-5D lass-C Amp. Plate-Mod.  

Grid-Modulated Amp.  
T 4C Class-C Amp. (Telegraphy)  
- Class-C  Amp. Plate-Mod. 

Class-C Amp. (Telegraphy)  
T-7C8 Class-C Amp. Plate-Mod.  

Suppressor-Mod. Amp.  
lass-C Amp. (Telegraphy)  

T-7CB Class-C Amp. Plate-Mod.  
Suppressor-Modulated Amp. 
Class-C Amp. (Telegraphy)  

T-5C Class-C Amp. Plate-Mod.  
  Grid-Modulated Amp.  

Class-C Amp. (Telegraphy)  

T-5C Class-C Amp. (Telephony)  
Suppressor-Modulated Amp. 
Grid-Modulated Amplifier 

7-pin J. 

7-pin J. 

14.5 

15 

5-pin M. 

5-pin J. 

750 
600 
750 
750 
600 
750 
750 

200  - 
200 - 
200 - 
200 - 
200 - 
200 - 
300  -  

600 250 -  
750  300   

1250 300 - 
900  300 
1250 300 
1250 300 20 
1000 - 40 
1250 - -85 
1500  300 45 
1250  250 50 
1500 300 45 
1500 300 - 50 
1000  200 
800  200 
1250 300 
1000 300 
1250 300 - 
1500 300 - 
1250 300 - 
1500 250 
1000 150 
750 150 

2000 750 
2000 600 60 
2000  500  -300  
2000 500 60 
1800 400 60 
2000 500 -300  
1500 400  75  
1250 400 75 
1500 400 75 
2000 400 45 
1500 400 45 
2000 400 -45 
2000 400 45 

Grid 
went 
Ma. 

Approx. 
Screen 3 Grid 
Resistor Driving 
Ohms Power 

Watts , 

- 55 
- 70  
- 55 
- 55  
- 70  
- 55 
- 70  
- 70  

- 70 
-150 
- 30 
- 55 
- 40 
- 50 
-100 
- 90 
-130 
-115 
-200 
-270 
- 80 
-150 

160 
150 
80 
80 
150 
160 
120 
100 
80 

138 
120 

- 90 
-150  
-120  
-160  
-180 
-200  
-200 
-130 
-200 
-130  
-130 
-100 
-140 
-150 
-100  
-100 
-100 
-140 

60 
100 
95 
50 

100 
75 
50 
50 

125 
125 
175 
145 
78 

150 
145 

30  
30 
5.0 
5 

30 
30  
15 
12.5 

14 
17.5 
2.0 
36 
35  
42  
35  
20  
13.5 
32 

22.5 
17.5 

24 
20 

60 
100 
100 
150 
100 
55 

150 
135  
55 

180 
160 
80 

150 
135 
85 
80 

3.0 

18 
e 

45 
11 
11 
27 
28 
28 
4.0 

55 
52 
65 
20 

12 
12 
o 
o 

12.0 
12.0 
4 
5 

7.0  
6.0 
0.9 
5.5 
7.0 
5.0 
7.0 
6.0 
3.7  
7.0 

18300  0.8  
13300  0.9 
-  0.7 
- 0.7 
13300 0.9 
18300 0.8 

0.25 
35000 0.5 

1.0 
1.4 
4.0 
0.7 
1.0 
0.55 
1.95 
0.75 
1.3 
0.95  

Approx. 
Carrier 
Output 
Power 
Watts 

87  
70 
24 
24 
70 
87  
63 
42 
20 

120 
87 
25 

Type 

829A 

8298 
3E29 

HY1269 

RK47 

90 
22000 
22000 
34000 
50000 

65 
23 

110 
65 
28 
28 
85 
70 

312A 

804 

10 
14 

10 
10  
2.5 

305A 

1.5 
2.0 

152 
101 
32.5 
160 
130 

HY67 

50000 
48000 

1.5 
3.2 
4.2 

50 
0.7 
0.6 
3.0 
6.0 
8.0 
3.0 

12 
12 
1.3 

13 
13 
13 
4.0 

35 
33 
50 

814 

282A 

300000 
240000 

40000 
30000 

0.2 
0.1  
0.4 
1.4 
1.7 
0.4 
2.2 
2.7 
1.3 
2.0 
2.0 
1.8 
0.9 

21000 
21000 

230 
200 
35 

230 
178 
35 

4E27/ 
8001 

HK257 
H22572 

200 
150 
41 
210 
155 
ao 
75 

828 

RK211 



TABLE XV - TETRODE AND PENTODE TRANSMITTING TUBES - Continued 

TYPO 

Max. Cathode 
Plate 

Dissipa- 
tion 

Max. 
Plate 

Voltage 

Max. 
Screen 
Voltage 

Max' 
Screen 
Dissipa- 
lion 

CInterelectropd e) 
apacitances(pfd. 

Basel 
Socket 
Connec- 
lions , 

Typical OPetstion 
Pl ate 

Voltage 

S 
V creenoltage 

Sup- 
pressor 
Voltage 

Grid 
, .._ _ 
' a'''aa 

Plate 
Current 
Ma. 

Screen, 
Current 
Ma. 

Grid 'Screen 
Current 
Ma. 

' 
Resistor 
Ohms 

Approx. 
Grid 

Driving 
Power 

Approx. 
Carrier 
Output 
Power 

Ty pe 
ru  Grid Plate 

W atts Volts Amps. Watts to .t  
Filate Plt o to 

Fil. 
Watts , Watts 

• 
- 

2000 Class-C Amp. (Telegraphy) 400 - -100 180 40 6.5 - 1.0 250 
RK48 
RK48A 100 10 5.0 2000 400 22 17 0.13 13 5-pin J. T-5D Class-C Amp. (Telephony) 1500  

1500 
400 
400 

-100 
-145 

RK411 
RK48A - 

- 
148 
77 

50 
10 

6.5 22000 1.0 165 
Grid-Modulated Amplifier 1.5 - 1.6 40 

- Class-C Amp. (Telegraphy) 2000 
_ 

400 - - 90 180 15 107000 260 3.0 0.5 

113 100 10 5.0 2000 400 22 16.3 0.2 il 14 7-pin J. Fig. 28 Class-C Amp. (Telephony) 1600 400 - -130 150 20 6.0 21600 1.2 175 1813 

Grid-Modulated Amplifier 2000 400 - -120 75 3.0 - - - 50 

Class-C Amp. (Telegraphy) 1250 175 - -150 16o - 35 - 10 - 130 

850 100 10 3.25 1250 175 10 17 0.25" 25 4-pin J. T-311 Class-C Amp. (Telephony) 1000 140 - -100 125 -. 40 - 10 65-  850 

Grid-Modulated Amplifier 1250 175 - - 13 110 - - - - 40 
Class-C Amp.-Oscillator 3000 300 - - 150 85 25 15 - 165 

860 100 10 3.25 3000 500 10 7.75 0.08" 7.5 4-pin M. T-4CB - --- - Class-C Amp. Plate-Mod. 2000 220 85 25 38 100000 
- 

105 8607 - - 200 17.0 

125 t. 4-" ' 125 5.0 6.2 30001. 400 20 10.3 0.03 1 0 Special Fig 27 ' 
Class-C Amp. (Telegraphy)_ 
Class-C Amp. Plate Mod. 

3000 
2503 

353_ 
350 
=7 
- 

-150 
- 330 

167_ 
150 

_30_ 
30 

9 
13 

=- 
- 

_2.5_ 
6 

175  
300 

4-125A 

- - - - Class-C Amp. (Telegraphy) 2000 400 45 - 100 170 - - 1.6 250 1 60 10 
Cl-ii.s-C Amp. Plate-M'od. 15-i-10 400 e -ioo- 135 54-  10 18500 

I
 

'o 'n
 ni
0
:0
 

ct,m 
—lc;

j
0
0
0
Í
O
r
O
 

150 
RK28A 125 10 5.0 2000 400 35 15 0.02 15 5-pin J. T-5C Grid-Mjdulated Amp. - 2000 400 45 - 55 80 18 - 14(28A 2.0 60 

Suppressor-Mod. Amp. 2000 - - 45 -115 , 90 52 11.5 30000 60 

Class-C Amp. (Telegraphy) 2000 500 40 - 90 160 45 12 - 210-  
-135-- 

803 125 10 5.0 2000 600 30 17.5 0.15" 99 5-pin J. T-5C 
Class-C Amp. (Telephony) 
Suppressor-Modulated Amp. 

1600 
2000 

500 
- 

100 
- 110 

- 80 
- 100 

150 
80 

20 
48 

4.0 
15 

20000 
35000 

•8W3 
53 --

Grid-Modulated Amplifier 2000 -600 73-0 --- 80 - 80- 20 -  4.0 ---- 53 

Class-C Amp. (Telegraphy)- 3000 400 - -100 R40 70 24 - 510 
RK65 t 215 5.0 14 3000 500 35 10.5 0.24 435 

_ 
4-pin J. T-3BC 2500 

4000 
-L -  
500 - 

-150 
-250 

200 
- - 
250 

70 
-- - 22 - 30000 

- 
RK65 

Class-C (Plate & Screen Mod.) 
380 

750 - 
4 .1 4-250..50' 250 

' 
5.0 14.5, 4000 600 50 12.7 0.06 

- 
4.5 Special 
- 

Fig. 27 Class-C Amp. (Telegraphy) 2500 500 -- 
3500 500 - 

-100 
-250 

325 
300 

70 
40 

22 
40 1 

562 
4-250A 

-- 
- 

3.7 

Class-C Amp. (Telegraphy) 30 700 
861 400 11 

1 
10 3500 750 35 14.5 0.1 11 t 

10.5 Special T-19 , t -- 70 4..lass-C Amp. (Telephony) 3000 375 - 200 200 1 55 000135 
86, 

400 

IS.- small; M. - medium; O. - octal; J.- jumbo. 
'See Transmitting Tube Base Diagrams. 
In plate-and-screen modulated Class-C amplifiers, connect 

screen-dropping resistor direct to r.f. B-I- to mod., and by-
pass for ri. only. This does not apply to the 828. 

1See Chapter 4-8 for discussion of grid driving power. 
'Obsolete type. , Instant-heating filament for mobile operation. 

?Intermittent commercial and amateur service ratings. 
'Triode connection - screen-grid tied to plate. 
Calculated on basis of 331ir efficiency at 100./í modulation. 

g' Dual tube. Values for both sections, in push-pull. 
15 With external shielding. 
12 Termlnals 3 and 6 must be connected together. 
',Early tubes of this type do not have center-tapped filament. 

"See Receiving Tube Base Diagrams. 
1' Only for Class-C Telegraphy up to 120 Mc. 
Frequency limits: 

• May be used at full ratings on 56-60 Mc. band and lower. 
•• May be used at full rît'ngs on 112-Mc, band and lower. 

••• May be used at full ratings on 224-Mc, band and lower. 
•••• May be used at full ratings above 300 Mc. 



TABLE XVI - MAGNETRON AND VELOCITY-MODULATED TUBES 

Type 

Max. 
Plate Cathode 
or 

Collector 
Dissipa-
Uon Volts Amps. 
Watts 

C25', s. 

4.0 1.8 2.0 

50 

410-R , 

6.3 0.75 

6.3 

Base 
Socket 
Connec- Typical Operation 
lions 

4-pin M. 4AP 

Special T-9C 

8-pin O. T-9D 

Magnetron Oscillator , 
Class-C Amp. (Grid-Mod.)  
Class-C Amp. (Telephony) 
Oscillator-Ampliner or 
Frequency Multiplier 

Plate Grid Grid Grid Grid 
c" No .4 No. 3 No. 2 No. 1 

Collector Voltage Voltage Voltage Voltage 
Voltage 

1000 
1500 800 
1500  800  

2500 .   

Plate Grid Grid Grid Stabi-lizing 
No. 4 No. 3 No. 2 c" Elec. 

Current Current Collector El"" trode 
ma. Ma. Ma . Current trode 

Ma. Voltage Current 
Ma. 

3600 
3600 

3600 
3600 

-33 
- 40 

1.0 
2.0 

0.3 
0.5 

0.5 
1.0 

4 
25 
45 

Meg-
netic 
Field 
Gausses 

650 10 1300 

Carrier 
Output 
Watts 

TWA 

1.0 2.135 
9.0 

- 3-5-

20 

825 

410-R 

1 Transit-time split-plate type magnetron with internal circul (ap- Klystron w'th integral resonators (recommended for frequencies s Grid no. 2 (smoother grid) is electrically connected to collector 
proximate wavelength 10 cm.). above 1000 Mc.). anode. 

2 Inductive-output amplifier (recommended for frequencies above , Collector anode voltage should be applied before applying grid 6 Focusing electromagnet (double lens) should be operated at 
300 Mc.). voltage. approximately 1000 ampere turns. 

TABLE XVII - TELEVISION TRANSMITTING TUBES 

Type 

1840 

Name 
Socket 
Connec-
tions 

Orthicon 

1847 
1848 
1849 
1850 , 

1050-A 

1898 
1899-
2203 

Iconoscope Fig. 1 
Iconoscope Fig. 25 
Iconoscope Fig.  21 
Iconoscope Fig. 21  

Iconoscope Fig. 35 

Monoscope Fig. 20 
--Monoscope Fig. 22 

Monotron Fig. 23 

Heater 

Volts Amps. 

6.3 0.6 

Use 

Direct and 
film pick-up 

Collector 
Voltage 

Pattern Anode Anode 
Electrode No. 2 No. 1 
Voltage Voltage Voltage 

300 , 300 

Cut-off 
Grid 

Voltage , 

-40 

Signal Collector 
Plate Current 

Voltage rra. 

Beam I Signal Pattern 
Gwent Electrode Plate 

pa. Current Input 

1.0 - 

6.3 0.6 Direct pick-up 600 - 600 150 -120 
6.3 0.6 -Direct pick-up 1200 - 1000 300 - 40 - 0.1 I 0.25 

Film pick-up  1000  - 1000 360  -25 -  l0.1  
6.3 0.6 Direct pick-up Same as 1849  

6.3 0.6 Direct and 
film pick-up 

2.5 2.1 Test pattern  
2.5 2.1 i Test pattern  
2.5 2.1 Test pattern 

10001. - 300" 1000° 

- 950 I 1000  300  
1700 1500 1500 390 
- - 1000 I 400 

-50 1000 I 0.2" 

-60 - I--
-60 - - 
-20 -150 I - 

I Refer to Cathode Ray Tube Socket Connections. 
Adjust bias for minimum (most negative) value for satisfactory signal. 
Maximum resistance in grid circuit should not exceed 1 megohm. 

Collectorcurrent measurements made with mosaic not illuminated. 
1Peak-to-peak signal value in pa. 
In mw. sq. cm. max. ° With full scanning. 

2.0 l 2.0 

Beam I Signal 
Resolution Output 
Capability Volts 

TN» 

0.03-0.15 1840 

1847 
0.015-0.075 1848  

1849  
1850 

- 1850-A 

4.0 2.5 - 500 
- - 5 300 

1898 
1899 

0.1 2203 

7 Accelerating electrode (Grid No. 2) 
Anode No. 2 voltage. 

Grid No. 2. - Grid No. 3 

voltage same as 
Obsolete. 
" Grid No. 4 



ehapter Dwenty-One 

Radio Operating 
THE efficient and successful operation 

of a radio station is, in itself, an exacting ac-
complishment. It is a task that requires skill 
and specialized training. For this reason, by 
federal regulation as well as by international 
treaty it is rigidly stipulated that no radio sta-
tion, amateur or otherwise, may transmit ex-
cept under the supervision of a licensed operator 
having qualifications appropriate to the class 
of station. To acquire such qualifications re-
quires training in the various specialized prac-
tices employed. 
The basic object of most radio communica-

tion is the transmission of intelligence from one 
point to another, accurately and in as short a 
time as possible. For efficiency in communica-
tion, each class of radio service has set up 
operating methods and procedure which pro-
vide the most expeditious handling of radio 
traffic. Skilled operators should not only be 
expert in transmitting and receiving code or 
voice signals, but also should be thoroughly fa-
miliar with the uniform practices observed in 
the particular class of service concerned. The 
material following, although generally that of 
the amateur service, is typical of the basic op-
erating procedure employed in nearly all serv-
ices with necessary modifications. 

41. Memorizing the Code 

Apart from the technical and regulatory 
phases of the examination, the most important 
requirement for obtaining an amateur opera-
tor's license is ability to send and receive the 
Continental (International Morse) code at the 
rate of 13 words per minute. Aside from this 
consideration, a knowledge of the code is 
especially desirable during wartime; it is not 
putting it too strongly to say that everyone 
should know the code and be able to use it. 
The serious student of code — sending, re-

ceiving, operating practices, copying on the 
typewriter, etc. — would be best advised to 
purchase a copy of the ARRL booklet, Learn-
ing the Radiotelegraph Code (price, 25 cents, 
postpaid), and, in fact, anyone desirous of 
learning the code is advised to do so via the 
modern and effective method outlined in this 
booklet. However, the following suggestions 
will suffice to enable one to acquire the rudi-
ments of code ability. 
The first step is to memorize the code. This is 

no task at all if you simply make up your mind 
to apply yourself to the job and get it over as 
quickly as possible. The complete Continental 
alphabet, including the most-used punctuation 

marks and numerals, is shown in the table of 
Fig. 2201. All of the characters shown should 
be learned, starting with the basic alphabet 
and then going on to the numerals and punc-
tuation marks. Take a few at a time. As prog-
ress is made it is helpful to review at intervals 
all the letters learned up to that time. 
One suggestion: Learn to think of the letters 

in terms of sound rather than their appearance 
as printed dot-and-dash combinations. This is 
an important point; in fact, successful mastery 
of the code can be acquired only if one thinks 
always in terms of the sound of a letter, right 
from the start. Think of A as the sound 
"didah" -- not as a printed " dot-dash." 'rhe 
sound "dit" is pronounced as "it" with a "d" 
before it. The sound "(W I" is pronounced with 
"all" as in " father." The sound " dah" is al-
ways stressed or accented — not in a different 
tone of voice, but slightly drawn out and the 
least bit louder. The sound " dit" is pronounced 
as rapidly and sharply as possible; for purposes 
of easy combination, as a prefix, it is often 
shortened to " di." When combinations of the 
sounds appear as one letter, say them smoothly 
but rapidly, remembering to make the sound 
"di" staccato, and allowing equal stress to 
fall on every (hill. There should never be a 
space or hesitation between dits and dalis of 
the saine letter. 

If someone can be found to " send" to you, 
either by whistling or by means of a buzzer or 
code oscillator, the best way is to enlist his co-
operation and learn the code by listening to it. 
It is best to have someone do this who is fa-
miliar with the code and who can be depended 
on to send the characters correctly. 

Learning the code is like learning a new lan-
guage, and the sooner you learn to understand 
the language without the necessity for mental 
"translation" the easier it will be for you to at-
tain speed and proficiency. You don't think of 
the spoken letter U, for example, as being com-
posed of two separate and distinct sounds — yet 
actually it is made up of the pure sounds "ee" 
and " tit)," spoken in rapid succession. You 
learned the letter U as a sound unit itself. Sim-
ilarly, you should learn code letters as individ-
ual sounds themselves, and not as combinations 
of other sounds. 

Don't think about speed at first; the first 
requirement is to learn every character to the 
point where you can recognize each of them 
without hesitation. Concentrate on any diffi-
cult letters until they become as familiar as 
the rest. 

460 
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A • didah 

B • • • dandididit 

• • ma • dandidandit 

D • • dandidit 

E • dit 

F • • mil • dididandit 

G offl • dandandit 

H • • • • didididit 

I • • didit 

J • didandandah 
• • dandidah 

L • • Tu'ni-andidit 

M dandah 

N • dandit 

O dalidandah 

P • ••• • didandandit 

• • .1, dah dab didah 

R • mul • didandit 

S • • • dididit 

dah 

U • • dididah 

V • • • am didididah 

W • didandah 

X • • dandididah 

y • dalididandah 

z dalidandidit • • 

Period 

Comma 

Question mark 

Error 

Double dash 

Wait 

End of message 

Invitation to transmit 

End of work 

didahdahdahdah 

dididah da lidah 

didididalulah 

dididididah 

dididijidit 

dalidiclididit 

dahdaltdididit 

dahdahdalididit 

dahdahdalidalidit 

dahdahdahdaltdah 

• • am • 

• • 

• • am • • 

MM • • • 

• aim • • • 

• um • • 

Fig. 220I—The Continental (International Morse) Code. 

II. Acquiring Speed by Buzzer Practice 

When the code is thoroughly memorized, 
you can start to develop speed in receiving code 
transmission. Perhaps the best way to do this 
is to have two people learn the code together 
and send 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 pos-
sible it is a good idea to obtain the assistance 
of an experienced operator for the first few 
sessions, so that you will learn how well-sent 
characters should sound. 

Either the buzzer set shown in Figs. 2202 
and 2203 or one of the audio oscillators de-
scribed will give satisfactory results as a prac-
tice set. The oscillator more closely simulates 
actual radio signals. 

lhro Dry Cell? 
TO in senes connected 

Plyce,es he„ 

\9) 

PutZer 

Fig. 2202 — Wiring diagram ola buzzer code-practice set. 
The headphones are connected across the coils of the 
buzzer, with a condenser in series. The size of this 
coudenser determines the strength of the signal in the 
'phones. If the value shown gives an excessively loud 
signal, it may be reduced to 500 pafd. or even 2515 add. 

The battery-operated audio oscillator in 
Figs. 2204 and 2205 is easy to construct and 
gives effective performance. If nothing is heard 
in the headphones when the key is depressed, 
reverse the leads going to either transformer 
winding (do not reverse both windings). 

Fig. 2203 — The cover of the buzzer unit bas been 
removed in this view of the buzzer code-practice set. 
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Phones 22.5 V. 

**Nile 

164.6 

Fig. 2204 — Wiring diagram of a simple vaenum-tube 
audio-frequency oscillator for use as a code-practice set. 

.1113AT 

S VOLTS 

'Er BAT 

,2 5 valT5 

AmoNE5 

Fig. 2205 — Layout of the audio-oscillator code-prise-
tier set. All parts may be mounted on a wooden base-
board, approximately 5 X 7 inches in size. 

The a.c.-tie. oscillator in Fig. 2206 utilizes a 
combination gliodc-pentode tube, the pentode 
section being usud as a vactium-tube oscillator. 
This set operates directly from the 115-volt a.c. 
or ( 1.e. power line and must be installed and 
handled so that electrical shock will be impos-
sible. The set should be enclosed in ; 1. protective 

binet or box. If a metal chassis is used, the 
components mast be insulated from the chassis. 
The headphone circuit is insulated from the 

power line, as shown in Fig. 2206, but care is 
required to prevent etmtact with ground or 
power line while touching the key. 

2 5 A7 

PHONES KEY 

115V A C. Os o e 

Fig. 2206 — A.r.-.1.,.. vaeutini-tube audio oscillator. 

cl — 100-aad. mil 25 
C2 — 250-ppril. Illid vl•I mica. 
Ca — DM-% 011 .• leetro4 tit% 
111 — 0.5 ge ell tn. .2-, att. (A lower valise, or a variable 

1[1:1 lue used to reduce volume.) 
112 — 1 sitial ni, 
IE a — 50 ohms, 1-watt. 
— 3:1-ratio midget push-pull audio transformer. 

Line cord resistor — 310 ohms. (A 300-ohm, 50-watt 
wire-wound fixed resistor may be used instead.) 

After the practice set has been built, and 
another operator's help secured, practice send-
ing turn and turn about to each other. Send 
single letters at first, the listener learning to 
recognize each character quickly, without hesi-
tation. Following this, start slow sending of 
complete words and sentences, always trying 
to have the material sent at just a little faster 
rate than you can copy easily; this speeds up 
your mind. Write down each letter you recog-
nize. Do not try to write down the dots and 
dashes; write down the 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 you might otherwise have gotten. 
If you exercise a little patience you will soon he 
getting every character, and in a surprisingly 
short time will be receiving at a good rate of 
speed. When you can receive 13 words a min-
ute ( 65 letters a minute), have the sender t rans-
mil 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 letters themselves. 

After you have acquired a reasonable degree 
of proficiency, concentrate on the less common 
cha raptors, as well as the numerals and punc-
tuation marks. These prove the downfall of 
many applicants taking the code examination 
under the handicap of nervous stress. 

«1 Using a Key 

The correct way to grasp the key is impor-
tant. The knob of the key should be about 
eighteen inches front the edge of the operating 
table and about on a line Nvith 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. I s desirable. The back ad-
justment of the kcy should be changed until 
there is a tmrtical movement of about one-
sixteenth inch at the knob. After no operator 
has mastered the ti'' of the hand key the ten-
sion should be changed and can be ieduced to 
the minimum spring tension that will cause 
the key to open imnaggliately when the pressure 
is released. More spring tension than necessary 
causes the expenditure of unnecessary 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 prevgmts appreciable side play but not 
adjusted so tightly that 'tingling is caused. The 
gap between the contacts should always be at 
least a thirty-second of an inch, since a too-
finely spaced contact 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. 
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Do not hold the key tightly. Let the hand 

rest lightly on the key. The thumb should be 
against the left side of the key. The first and 
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. 
2207 shows the correct way to hold a key. 

Fig. 2207 sketch ilhi.trat es the correct position of 
the hand and lingers for good sending with a telegraph key. 

A wrist motion should be used in sending. 
The whole arm should in it be used. One slnuild 
not send " nervously " but with a steady flexing 
of the wrist. The grasp on the key should be 
firm, but not tight, or jerky sending will result. 
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 sideways action is best. 
The fingers should never leave the key knob. 
Good sending may ;WC 111. easier than receiv-

ing, but don't be deceived. A beginner shouhl 
not attempt to send fast. Keep your transmit-
ting speed down to the receiving speed, and 
bend your efforts to sending well. Do not try 
to speed t longs up too soon. A slow, even rate 
of sending is the mark of a good operator. Speed 
will conic with time alone. Leave special types 
of keys alone until you have mastered the knack 
of handling the stainlard key. Because radio 
transmissions are set loin free from interference, 
a " heavier" style of sending is best to develop 
for radio work. A rugged, heavy key will help 
in developing this characteristic. 

41 Radiotelegraph Operation 
The radiotelegraph code is used for record 

communicaticm. Aside frton his ability to copy 
at high speeds, a good operator is noted for his 
neatness and accuracy of copy. It is evident 
that a radio operabir should copy exactly what 
is sent, and if there is any doubt about a letter 
or word he should query the transmitting op-
erator about it. 

General procedure — ( 1) Calls should be 
made by transmitting not more than three 
times the call signal of the station called, and 
DE, followed by one's own call signal sent not 
more than three times, thus: VE2BE VE2BE 
VE2BE DE W1AW W1AW W1AW. In ama-
teur practice this form is repeated completely 
once or twice. The call signal of the calling 
station must be inserted at frequent intervals 
for identification purposes. Repeating the call 
signal of the called station five times and sign-

ing not more than twice has proved excellent 
practice in connection with break-in operation 
(the receiver being kept tuned to the frequency 
of the called station). The use of a break-in 
system is highly recommended to save time 
and reduce unnecessary interference. 

2) Answering a call: Call three times (or 
less); send DE; sign three times (or less); and 
after contact is established decrease the use 
of the call signals of both stations to once or 
twice. Example: 

W1ONF DE W1AW GE OM GA K (meaning, " Good 
evening, old man, go ahead"). 

3) Ending signals and sign off: The proper 

use of —Ali, K and VA ending signals .is as fol-

lows: AR (end of transmission) shall be used 
at the end of messages during comnmnication; 
and also at the end of a call, indicating when so 
used that communiea titi is not yet established. 
In the case of cg (.:1 I Is, the international regu-
lations recommend that K shall follow. K (in-
vitation to transmit shall also be used at the 
end of each transmission when answering or 
working another station, carrying the signifi-

cance of " go ahead." VA (or K) shall be used 
by each station only when signing off, this fol-
lowed by the call of the station being worked 
and your own call sent once for identification 
purposes. Examples: 

(Alt) — WI EQY DE WICTI Alt (showing that W I CTI 
has not yet gotten in timed, with VI-II:QV but has called and 
is now listening for his reply). Esc,' after the signature be-
tween tnessages, it indicates the mill of one message. There 
may be a slight pause before starting tlie second of the series 
of messages. l'he courteous and thought ful operator allows 
tinte for the receiving operator to colur the time 011 the 
message and put another blank in readiness for the. traffic 
to Conn.. If K is mhted, it means that the ,i orator wishes his 
first message acknowledged before going on with the second 
message. If no K is heard, preparations should be made to 
continue copying. 

(h) — W LIE() DE W6A,INI R K. (This arrangement is 
very often used for the acknowledgment of a transmission. 
When any..ne overhears I his Ile kilOWS it once that 111.• Iwo" 
stations arc in 1 ouch. con, too:dea)ing with each other. that 
WIJEQ's transmission uns all understood by WeA.INI. and 
that Wl;.\ .11\ I is ‘1.1.1EQ to go ahead with 111,,re of 
what he ha, to say.) W111.11. DE W7NI I Nit 23 It K. ( Evi-
dently W91:JY is sending e to W7N11. The einitaet 
is go' l, The message was al I 1.••,•1•1,'1.11 correctly. W7NII tells 
W9KJ to " go ahead" with more.) 

(VA) -- R NM NW VY 73 Alt VA W6TI DE 
W7WY. (‘V7WY says, " I understand OK, no more now, see 
you later. very best regards. I am through with you ror now 
and will li,ten for whomever wishes to call. M'7WY 'signing 
off' with ‘AGTI.") 

E. Radiotelephone Operation 

Procedure to be used in radiotelephone 
operation follows the foregoing general prin-
ciples closely. The operator makes little use of 
the special abbreviations available for code 
work, of course, since he may directly speak 
out their full meaning. Radiotelephony is used 
principally for command and control purposes, 
such as communication between ground sta-
tions and aircraft, where recorded message 
traffic is at a minimum. Transmissions consist 
mostly of short bursts with little variety in 
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form or content, and each operator must be-
come familiar with procedure methods adopted 
by the particular service. 

FOR SIAMOTELEPIIONE 

A list ran be obtained front the local 
Western Union office and posted beside 
the telephone to use when telephoning 
messages containing initials atol difficult 
words. Such oto le words prevent errors 
due to phonetic similarity. Also all voice 
operated st:ttions sliould use a standord 
list as needed to identify call signals or 
unfamiliar cspressions. À.R. R.I.. Official 
Phone Stations have adopted the follow-
ing word list: 

A — ADAMS 
B — BOSTON 
— CUICAGO 

D — DENVER 
E — EDWARD 
— FRANK 

G — GEORGE 
JE — HENRY 
I — I DA 
J — JOHN 
K — KING 
L — LIN( (-)LN 
M — MARY 

N — NEW YORK 
O — 0( IRAN 
P — PETER 
Q — QUEEN 
It — HOBERT 
S — SUGAR 
T — THOMAS 
U — UNION 
— VICTOR 

W — WII. I A NI 
X — X-EAY 
Y — YOUNG 
— ZERO 

Example: WIEH . . . W 1 ED-
WARD HENRY. 

Naines of states and eountries have 
been used for identifying letters in a Illa-
tem. ràdiotelephone work. It is recom-
mended by A. R. R. I.. that us, uf Q vmle 
and special abbrpviations 1,0 niai ! united 
in voice work insofar :Is pOSSi nd the 
full expression ( with conciseness) be sub-
stituted. 

Unusual words should be avoided in the in-
terest of accuracy if possible when drafting 
messages. When they unavoidably turn up 
difficult words may be repeated, or repealed 
and spelled. The operator says " I will repeat" 
when thus retransmitting a difficult word or 
expression. 
The speed of radiotelephone transmission 

(with perfect accuracy) depends almost en-
tirely upon the skill of the two operators in-
volved. One notst learn to speak at a rate allow-
ing perfect undersi a: iding as well as permitting 
the receiving operator to copy down the mes-
sage 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 stations should 
use a standard list as needed to identify call 
signals or unfamiliar expressions. 
Message handling— Each service — com-

mercial, military, amateur — prescribes its 
own message form, but all are generally simi-
lar to the example here given. A message is 
broadly divided into four parts: ( 1) the pre-

amble; (2) the address; (3) the text; (4) the 
signature. The preamble contains the follow-
ing: 

a) Number (of this message). 
b) Station of origin. 
e) Check (number of words in text). 
d) Piave of origin. 
e) Time filed. 
f) Date. 

Therefore, it might look like this: 

NR 34 wuric JH 13 
CHICAGO ILL 450 em MAY 12 1942 

CAPT WM MONTGOMERY 

MUNITIONS BLDG 

WASHINGTON DC BT 

SIXTH CORPS AREA HAS 08 
MEN AVAILABLE FOR ACTIVE DUTY 

FIXED SERVICE REGARDS iei` 

HUNTER WLTK 

• IR-S-T SYSTEM OF SIGNAL REPORTS 

The E-8-T system is an abbreviated method 
of indicating t he main charaeteristics of a re 

READABILITY 

1 — Unreadable 
2 — Barely readable, occasional words 

distinguishable 
— Readable with considerable diffi-

culty 
— Readable with practically no diffi-

culty 
5 — Perfectly readable 

SIGNAL STRENGTH 

1 — Faint — signals barely percepti-
ble 

2 — Very weak signals 
3 — Weak signals 
4 — Fair signals 
5 — Fairly good signals 
6 — Good signals 
— Nloderately strong signals 

8 — 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, moder-

ately musical 
5 — Musically modulated note 
6 — Nlodulated note, slight trace of 

histle 
7 — Near d.c. note, smooth ripple 
8 — Good d.c. note, just a trace of 

ripple 
9 — Purest d.c. note 

(If the note appears to be crystal 
controlled simply add an X after the 
appropriate number.) 
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ceived signal, the Readability, Signal Strength. 
and Tome. The letters R-S-T determine the 
order of sending the report. In asking for this 
form of report, one transmits RST? or simply 
QRK? 

Such a signal report as " RST 387X" (ab-
breviated to 387X) will be interpreted as 
" Your signals are readable with considerable 
difficulty; good signals (strength); near (I.e. 
note, smooth ripple; crystal characteristic 
noticed." Unless it is desired to comment in 
regard to a crystal characteristic of the signal, 
a single three-numerical group will constitute a 
complete report on an amateur signal. The 
It-S-T system is the standard ARRL method 
of reporting. Various report combinations are 
based on the table. 

This is obviously the 34th message (of that 
day or that month, as the policy of the station 
prescribes) from station WLTK. The "JH 13" 
is the " sine" of the operator plus the number 
of words in the message text. All operators des-
ignate themselves with a personal sine to be 
used on message trafic and on the air: in most 
cases it consists of the operator's initials. The 
signal BT. (double-dash) is used to separate the 
text from address and signature. 

Several radiograms may be transmitted in 
series (QSG ) with the consent of the 
station which is to receive them. As a general 
rule long radiograms should be transmitted in 
sections of approximately fifty words, each 
ending with • • — — • • (?), meaning. '' I lave 
you received the message correctly thus far? 

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 HP'!' 
Tyr AND SIG, meaning, " Repeat text and 
signature." PBL and ADR may be used sim-
ilarly for the preamble and address of a mes-
sage.. RPT ALL or RPT MSG should not be 
sent unless nearly all of the message is lost. 
When a few word-groups in conversation or 
message handling have been missed, a selection 
of one or more of the following abbreviations 
are used to ask for a repeat on the parts in 
doubt. 

Abbreviation Mennitto 

?A  A  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 only for 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 words) received 
after the interruption. 
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As an example of what procedure would be 

followed in the transmission of a commercial 
message, let us assume that a passenger aboard 
the S.S. Coastwise wishes to notify a friend of 
his arrival. Station W KCZ aboard the ship 
would call a shore station (WSC) and the 
following would ensue: 

WSC WSC WSC DE WKCZ WKCZ WKCZ P K 

WKCZ WKCZ WKCZ DE WSC ANS 700 K 

WSC WSC WSC DE WKCZ P 1 CK12 SS COAST-
WISE 0827 MAY 10 B'r MISS JANET SHANNON 18 
LAMBERT STREET BOSTON BT ARRIVE PIER 18 
TONIGHT LOVE 131' JOHN Alt K 

WKCZ DE WSC It 1 K 

WSC DE WKCZ QRL K 

WKCZ DE WSC It SK 

If the receiving operator missed the number 
of the pier of arrival, he would send: 

PIER ?? TONIGHT or ?IVA PIER. 

whereupon the transmitting operator would 
say: 

PIER 18 TONIGHT 

and then would stand by for an acknowledg-
ment of receipt ( It). 
The service message— When one station 

has a message to transmit to another concern-
ing the handling of a previous message, the 
message is titled a " service" and is indicated 
by " SVC" in the preamble when sent. Such a 
message may refer to non-delivery, delayed 
transmission, errors, or to any phase of message 
handling activity. Words may be abbreviated 
in the text of the service message to conserve 
time. Do not abbreviate to the point where 
misunderstanding may arise. 

Provisions in the Communications Act of 
1934 make it a misdemeanor to give out in-
formation of any sort to any person except the 
addressee of a message or his authorized agent. 
When for some reason a message cannot be 
delivered, a service message should be sent to 
the station of origin containing information to 
that effect. 
Land-line check— The land-line or " text" 

count, consisting of count only of the words 
in the body or text of the message, is probably 
now most widely used. (The " cable" count 
covers all words in the address and signature, 
as well, probably accounting for its unpopular-
ity.) When in the case of a few exceptions to 
the basic rule ill land-line checking, certain 
words in the 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. 

The check includes: 

1) All words, figures and letters in the body, and 
2) the following extra words: 

(a) Signature except the first, when there 
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are more than one (a title with signature 
does not count extra, but an address fol-
lowing a signature does). 
(b) Words " report delivery," or " rush" in 
the cheek. 
(c) Alternate names and/or street ad-
dresses, and such extras as " personal" or 
"attention." 

Dictionary words in most languages count as 
one word irrespective of length of the word. 
In counting figures, a group of five digits or 
less counts as one word. Bars of division and 
decimal points may constitute one or more of 
the digits in such a group. It is recommended 
that, where feasible, words be substituted for 
figures to reduce the possibility of error in 
transmission. Detailed examples of wonl count-
ing are :Winn as difficult in one system of 
count as another. 

Net Operation 

In field work many military communica-
tions units operate in " net" fashion, wherein 
one station (at t he headquarters of the unit ) is 
designated as net-control station ( NCS) to di-
rect the business of the net. The operation of 
all stations in the same net is on one single 
frequency, so that any one operator may hear 
any other station(s) without retuning his 
receiver. " Break-in" is advantageously em-
ployed here — the receiver is kept running 
during transmissions, so that nearly simul-
taneous two-way communication is possible. 

Briefly, the pr/ieedure in net, operat h in> is as 
follows: The NCS calls the net together at a 
pre-announced time and using a predeterinined 
call. immediately, station members of the net 
reply in alphabetival (or some other predeter-
mined) order, reporting on the NCS's signal 
strength inn stating what traffic is on hand 
and for wh.int. The NCS acknowledges, mean-
while keeping an account of all traffic on hand, 
by stations. He then directs the transfer of 
messages from one station to another, giving 
preference to any urgent traffic so indicated at, 
roll call. When all traffic has been distributed 
and it is apparent there is no further business, 
the NCS will close the net, in most cases main-
taining wand' on the net frequency for any 
special traffic which might appear. 

41 Keeping a Log 

FCC regulations require nearly every radio-
communication station to keep a complete 
operating record or " log," including such data 
as times and dates of transmissions, stations 

contacted, message traffic handled, input power 
to the transmitter, frequency used. * id sig-
nature or " sine" of the operator in charge. 

Log-heeping procedure differs with eaeli class 
of communieations service. A typical page front 
an amateur radio station log, prepared on the 
standard AIM', form, is shown below and is 
illust rat ive of t he form and (lata required. 

»MMUS RADIO STATION SOO 

4 
I • • •••••••• 

-31 I.. 

r.4•.1. 

• 

41A1 

IQ Time Systems 

While Continental-commercial tele-
graph and raclio circuits use local standard (or 
m'ar) tino' in log-keeping and message-handling, 
international radiocommunication stations and 
the military services now use a 21-hour system 
of time- keeping. Oin• is Greenwielt Civil Time, 
a 21-hour clo.•k system used in international 
radiocommunication work. All figures are based 
On the time in Greenwich, England, the city of 
0' meridian fame. 0000 represents midnight in 
Greenwich: 0600 represents ti A.M. there: 1200 
is noon; 1800 is 6 P.M.; 2100 is again midnight 
and the same as 0000 of the following day. 
The figures must be correct(41 to each individ-
ual time zone. The C'entral War Time zone is 
five hours behind Greenwich, so that 0630 ( CT 
(6 ;;;0 A.m. in Greenwich would represent 1:30 
A.m. (' \VT, for example. As an example of re-
verse translation, 9:30 A.m. C'WT would be 
designated in the log as 1-130 GUT. EWT is 
four hours behind GUT; MW'!', six hours; 
PWT, seven. 
At present the military services use simply 

a 21-hour clock, based on local time, wit ! lout 
correcting to Greenwich or any other longitude. 
Then 6 A.m. CWT becomes 0600: 6 A.M. EWT 
is 0600, and so on. The principal advantage of 
this system is an elimination of the necessity 
for t he use of P.M. Or A. M. abbreviati(nis. 



467 Radio Operating 

"Q CODE" 
IN THE REGULATIONS nee0MIR11137litg 

the ex i - ting International Radiotelegraph (Jon-
vention, t I wit' lisa very useful internationally 
agreed code designed to meet the major needs 
in international radio communication. This rode 

is given in the following table. The abbrevia-
tions themselves have the meanings shown in 
the " answer" column. Mien an abbreviation is 
followed by an lut errogn t ion mark (?), it assumes 
the meaning shown in the " question" column. 

Abbe, 
viation 

QUA 
Qlt 

QI1C 

QM) 

01111 
(,t1: I 
011.1 
OR k 
QltL 

Q11%1 
QRN 
QM) 
QUI' 
QRQ 
(MS 
Qwr 
Qlttl 
QUA' 
QltW 

QltX 

QRY 

QIIZ 
QS% 
Q511 
Q51) 
QSG 

QS.J 

QSK 

QSL 
QS1%1 
QSO 

QSP 
QSR 

QSU 

QSV 
QSW 

QSX 

QSY 

QSZ 
QTA 

QTB 

QTC 

What is the name of your station? 
How far approximately are you from tny station? 

What company (”r ( k.verninent Administration) 
settles the accounts for your station? 

Where are you bound and where are you from? 
Will you tell roe my exact frequency (wave-length) 

in kers (or in)? 
Does my frequency (wave-length) vary? 

Is my note good? 
Do you receive na• tin, uy? Are my signals wl.ak? 
What is the legibility of my signals ( I to 5)? 

Are you busy? 

Are you being interfered with? 
Are you troubled by atmospherics? 
Shall I iner-ase 1...wer? 
Shall 1. deerease mover? 
Shall 1 send faster? 
Shall I send more slowly.? 
Shall I stop sending? 
Have you anything for me? 
Are you ready? 
Shall I tell .... that you are calling him on 
  kv s tor   to)? 

Shall I wait? When will you call me again? 

What is any turn? 

Who is eaVitie we? 
‘1"hat is the strength of in signals ( I t,. Zt):' 

Does the strength of toy signals vary? 
Is my keying correct; are lily signals ( list inet? 
Shall I send   telegrams (or one telegram) 

at a tine.? 
What is t lie charge per word for   including 

your inu•rnal telegraph charge? 
Shall I continue with the transioi,ion of all my 
tra ffic? I inn hear you through illy 

Can Y. ,.1 ,tive of 
Shall I repeat the last telegram I sent you? 
C'an you contiounieate with   direei ( or 

through the medium of )1 
Will ymi retransmit to . . . free of charge? 
lias the etistress call received from ..... been 

cleared? 
Shall I send tor reply) on   ke,/, (or to) and/ 

or on waves of Typo Al. A2, A3, or it? 

Slc.11 I Send a series of V \ 
Will you send 1111   1.0 1/S (or in) 

and/or on waves of Type A I. A2, A3, or it? 

Will you listen for   (call sign) on   

ke Is (or   
Shall I change to transmission on   kers (or 
  in) without changing the type of wave? or 

Shall I change to transmission on another wave? 

Shall I send each word or group twice? 
Shall I cancel telegram No.   as if it had 

not been sent? 
Do you agree with my number of words? 

How many telegrams have you to send? 

Answer 

The 11111111, Of Illy station is   
Th.. approximate between our stations 

is   nautical miles ( or   kilometers). 
aecounts for toy slat ion are settled by the 

. vorniculy u,r by the Government Ad-
ntinist ration of   

I am bound for from   
Your exact frequency (wave-length) is   kc/s 

(or   to). 
Y11111. fretillelley ( Wave-lenglli) varies. 
Your note varies. 
1 cannot reveive Vole signals are too weak. 
The legibility of your signals is ... (1 to 5). 
I an, busy (or I ant busy with  ). Please do 

notlit'if r,'. 
ani Icing inturfored 
I an, zionosplieries. 
Increase 1..,Ver. 
Deer1 .:1 , t• power. 
Send fast ' r (  words per minute). 
Send ', lore slowly (  words per minute). 

Stm. sending. 
1 leis is , 110i hing for you. 
I tun ready. 
Ilea-, tell   that I ant calling him on   
he s (or ...... 

Wait ( or wait until I have finished eommuniertting 
with  ) I will call you at   o'clock 

(or immediately). 
Your turn is NO. .   (or according to any other 

method of arranging it)  
You ar,• ),elm, called I,y   
The strength of y.. ir signals ia   (1 to 5). 
The strength of your signals varies. 

Your keying is ; vour signals are bad. 
Semi   b•legranis (or one telegram) at a 

The eharge per word for  is  francs, 
ire•heling my internal telegraph eharge. 

Contimie willi the transmission of all your traffic. I 
will interrupt you if necessary. 

I give you acknowledgment of receipt. 
Rit ,,', it the lied tel.•grant you have sent me. 
I eat. 1•01111111111i 1•111 ,. will,   direct (or through 
t he medium of  )• 

I will retransmit t.,   free of charge. 
'rite ilistress call received from ..... has been 

cleared hy   
S1111.1 ( or rei.1 -) on   kr/s (or   m) 

ait ..,r on wave: of Typc Al, A2, A3, or B. 
Semit series of V V V   

is going to set, I ( or I will send) on   kc/s 
(or   in) and/or on waves of Type Al, A2, 
A3, or It, 

I an listening for   (call sign) on   
kers (or   in). 

Change to transmission on   kc/s (or   
in) wit bout eh:outing the type of wave or 

Change to transmission 011 9,1114111.ir Ware. 
Senil woril or group twice. 
Cancel telegram No.   as if it had not been 

sent. 
I do not agree with your number of words; I will re-

peat the first letter of each word and the first figure 
of each number. 

I have   telegrams for you (or for   
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Abbre-
viation 

Question Answer 

QTE 

QTF 

QTG 

QTII 

QTI 
QTJ 

QTM 

QTO 
QTP 
QTQ 

QTR 
QTU 

QUA 

QUB 

QUC 

QUD 

QUF 

QUG 
QUII 

QUJ 

QUK 

QUL 

QUM 

What is my true bearing in relation to you? or 
What is my true bearing in relation   (call 

sign)? 
What is the true bearing of   (call sign) in 

relation to ...... (call sign)? 

Will you give me the position of my station accord-
ing to the bearings taken by the direction-finding 
stations which you control? 

Will you send your call sign for fifty seconds fol-
lowed by a dash of ten seconds on   ke/s 
(or   ni) in order that I may take your 
bearing? 

What is your position in latitude and longitude (or 
by any other way of showing it)? 

What is your trite course? 
What is your speed? 

Send radioelectric signals and submarine sound sig-
nals to enable me to fix my bearing and my dis-
tance. 

Have you left dock (or port)? 
Are you going to enter dock (or port)? 
Can you conuounitiate with my station by means 

of the International Code of Signals? 
What is the exact time? 
What are the hours during which your station is 
open? 

Have you news of   (call sign of the mobile 
station)? 

Can you give me in this order, information concern-
ing: visibility, height of clouds, ground wind for 
  (place of observation)? 

What is the last message received by you from 
  (call sign of t he mobile station)? 

llave you received the urgency signal sent by 
  (call sign of the mobile station)? 

llave yon received the distress signal sent by 
  (call sign of the mobile station)? 

Are you being forced to alight in the sea (or to land)? 
Will you indicate the present barometric pressure 

at sea 
Will you indicate the true course for me to follow, 

with no wind, to make for you? 

Can you tell me the condition of the sea observed 
at   (place or coiirdinatts)? 

Can you tell me the swell observed at   
(place or coordinates)? 

Is the distress traffic ended? 

Your true bearing in relation to me is  degrees or 
Your true bearing in relation to   (call sign) 

18   degrees at   (time) or 

The true bearing of   (call sign) in relation 
to   (call sign) is   degrees at   
(time). 

The position of your station according to the bearings 
taken by the direction-finding stations whieli I con-
trol is   latitude   longitu.le. 

I will send my call sign for fifty seconds followed by a 
dash of ten seeonds on   ke/s (or   
an) in order that you may take my bearing. 

My position is   latitude   longitude 
(or by any other way of showing it). 

My true course is   deirrevs.. 
My speed is   knots (or   kilometers) 

per hour. 
I will send radioelectrie signals and submarine sound 

signals to enable you to fix your bearing and your 
distance. 

I have just left dock (or port). 
I aro going to enter dock (or port). 
I am going to ermuntanicate with your station by 
means of the International Code of Signals. 

The exact time is   
My station is open from   to   

Here is news of 
(ion). 

Here is the information requested   

(call sign of the mobile eta-

The last message received by me from   (call 
sign of the mobile station) is   

I have received the urgency signal sent by   
(call sign of the mobile station) at  (time). 

I have received the distress signal sent by   
(call sign of the mobile station) at   (time). 

I am forced to alight (or land) at   (place). 
The present barometric pressure at sea level is 
  (units). 

The true course for you to follow, with no wind, to 
make for me is   degrees at   
(time). 

The sea at   (place or coOrdinates) is   

The swell at   (place or corirdinates) is   

The distress traffic is ended. 

Special abbreviation, adopted by the Alin I.: 

QST General call preceding a message addrossed to all amateurs and ARRL Members. This is in effect " CQ ARRL." 

QRR Official ARRL " land SOS." A distress call for rase by stations in emergency zones only. 

Scales Used in Expressing Signal Strength and Readability 

(See QRK and QSA in the Q Code) 

Strength Readability 

QSAI Barely perceptible. .Unreadable. 
QSA2 ... • • • . . Weak. QRK2 ..... ....... .. . Readable now and then. 
QSA3  ....Fairly good. QRK3...  .Readable with difficulty. 
QSA4 ....... .....................Good. .Readable. 
QSA5  . . . . . . Very good. QRK5 ........... ... .. Perfectly readable, 



Index 

PAGE PAGE 
"A" Battery  60 
A.0 30-37 
A.C.-D.C. Converters  187 
A.C.-D.C. Power Supplies  183 
A.C. Generators  30 
A.C. Instrunaents  36 
A.C. Spectruna  33 
AT-Cut Crystals  58 
Abbreviations, Radio and Electrical  413 
Abbreviations, Radiotelegraph 463-468 
Ahsorption  189 
Absorption Frequency Meters 41g1-402 
Absorption Modulation 120-121 
Acorn Tubes 90,153 
Adjacent-Channel Selectivity  143 
Air-Core Transformers  37 
Air-Gap Crystal Holder  96 
Air Masses 191-192 
Alignment, Receiver  169-172.174 
Alternating Current 30-37 
Alternating Current, Ohm's Law for 33-36 
Alternai ing Current Spectrum  33 
Alternator  30 
Amateur Bands  12 
Amateur Operator and Station I.ieense  12 
Amateur Radio  9-12 
Amateur Regulations  12 
American Ittofio Relay League: 

Foundation  11 
Headquarters  12 
Hiram l'erey Maxim Memorial  12 
Joining the League  12 

Ammeters 29-3o, 36-37 
Anapere  17 
Ampere-Hour Capacity  20 
Ati mere Turns  22 
Amplifioation  142 
Ami ldieation Factor  61 
.Atnidifieation, Vacation-Tube 61, 63-74 
Amplifier Classifications  . 71-72 
Amplifiers (see basic dass0eation. e.g., " Iteceivers:' 

Transmitters" and " Radiotelephony") 
Amplitude  30 
Amplifiale-Modulated Signal Generators  410 
Amplitude Modulation   117-119 
Ant•lu,r. Guy \Vire 377-378 
Angle, Aim difier Operating  104,112 
Angle of Iladimion  191. 194-196 
Angular Velocity  31 
Anode  18 
Antenna Systems: 

Alford lemi Antenna  223 
Angle of Radiation  191,194-196 
Bazooka Line Balancer  224 
Warn A mennas 214-216 
Bent Antennas  214 
Billboard A Tray  225 
Broad-Band Antennas 224-'25 
Broadside Arrays 216-7j18 
Capacity Grotaint  '22 
Capacity-Loaded Antenna  '23 
Coaxial Vertical Radiator   ',23 -'24 
Collinear Arrays 216 -' 18 
Combination Arrays  222 
Compact Antennas 213-214 
Conductor Size  195 
Cone Antennas  225 
Construct on 375-384 
Corner Reflector Antennas  226 
Counterpoise 2'2-223 
Coupling to Itet,iver  146 
Coupling to Transmitter  199-202 
Current Distribution 194-209 
Cylindrical Antennas  224 
Directive Antennas 214-'22 
Directivity  194 
Director  216 
Doublet  194 
Driven Elements 216-219 
Dummy Antennas  109 
Entergency 392-394 
End-Effect  194 
End-Fire Arrays 216-218 
Extended Double :Zvi>  219 

Feed Systems: 
Balance to Ground  gg 
Characteristic Inatashoice 50, 
Coaxial Lines 198,206 
Concentric Lilies 195  206 
Current Fee,1 197-198 
Delta Matching Tramfornier 206-207 
Direct Excitafimi  197 
Feeder ( 0n1u,',-ti,,r,s   381 
Harmonic Resonance  49 
Impedance  50 
Impedance Transft,nie•r 51-52 
Length 199.203-e UU 
Losses Linear n r Transfoa a.,  
 198-199 

Pion-Resonant 1.ines  199,204-209 
Open-Wire Lin. 198,202 
"Q" Section  207 
Reactance  51 
Resistance  
llAiStitli I il t. 1.i 11..4   199,202-2g1 
Single-Wire Fi-e,1   198,205 
Standing-Wave Ratio  
St , it Ma tiling 2J-);g11 
Tuned Transmission Lin,  202-204 
Twisted-l'air Line... ...  198,206 
Ut,  Lilies  199,211.4-209 
  198 

Folded-Dipole Antennas  225 
Fol(let1 Dot [Met   225 
Fret'-Stxtee Pattern  195 
Gnaind Connection  222 
Ground Effect 195-199 
Ground-Plane Antenn   224 
Grounded Antempas  222-223 
GUN,.   378 
Half-Waye 194-195 
HaImrds  378 
Hen z Antenna  194 
Horn Ita(liator  226 
Impedance 194,195.196,210 
Ira hictance-Lomh41 Antenna  223 
Ins fa 1 la t ion  75-384 
"J" Antenna 223,393 
Lazy-H -Antenna  218 
Letigth  194.2(17.220,222 
Lightning Proteetion  384 
Loaded Antenna  223 
Long-Wire Ant minas 2011-211,214-216 
Loop Antennas 223-224 
Marconi ( Grounded) Aidanmas  

 3 22725--322737 

1\11'.7,s'7,renarits 411-412 
Mobile - 382.393 
Multi-Band Antique's  211-214 
Paraholie Reflectors 225-226 
Parasitic Elements  220-222 
Pat terns, Radiation  197,211 
Phased Arrays 216-219 
Plane Reflector Antennas 225-226 
Plane Sheet Reflectors  225 
Polarization  
Power Gain  
Pulleys  
Radiation C'hameterislics  
Radiation Resistance  
Receiving  
Reflection, Croatia!   
Reflector  
Resonant-Loop Antennas  
Restricted Srniee  
Rhombi', or Diamond Antennas 
Rotary-Beam Ana ern', s  220-222,379 
Sleeves, Line Matching  

21 St,dading NVaves 48-1g 
Switching  384 
Tilt Angle  215 
Top-Loaded Antennas  223 
Transmission Lim 199-209,379 
Tuners, Construtl ion of: 

Low-Power Itack-Nlounted Antenna Tuner... 264 
Medium-Power Antenna littler  271 
li-Section Antenna Coupler  274 
Wide-Range Antenna Coupler  280 

Turnstile Antenna    224 

188.194,196 
194.210 

378 
195 
49 
226 
195 
220 
223 

213-214 
 215-216 



PAGE PAGE 
214 • Catcher  92 

Cathode 18,60,73-74 
Cathode Bias Calculation . . .' 73-74 
Cathode By-Pass  73 
Cathode Circuit  74 
Cathode Colipler  78 
( 'at bode Follower  78 
Cathode le•ying  139 
Cathode :\ lodulat ' ell   119,122-123 
Cathode-Ray OSei I It 'set it it'S  8-/-80, 130-132,427-428 
( 'atlemle-Itay Tube- 83-86 
t'at Miele Resistor  73 
( 'a vi t y Resonators   55-56 
Cell  18-19 
('enient. Coil  235 
("onter-Tatt, Fil,, ont .  73 
(*enter-Tap Full-NVave• Rectifier   170 
Center-Tap levite,   139 
Center-'1'ap MMIulation   122-123 
( banned  118 
( learacteristie• Curves  60 
(•haraeteristie Inipedanee 50-11, 199 
I•learacterist ies of Vacuum Tubes (Tables)  419-159 
Charges. Electrical   14 
Charging liatterie •  20 
Charm and T:tbles: 

Abbreviations, ItadiotelegraPh  465 
Amateur Frequency Bands 12 
Antenna and Feeder Lengths...205.212,211 215,226 
Arit;•nita 1 hiin  217, 220 
liatcl-Widt IT Typical I.F  161 
Battery Sonic, Hour,   387 
( ' alb.. le-Modulat ion Perform:01'T Curves    li) :0i 
Cliarai•teristii• I ropeilanee  
Coil- \Vinding Data   107 
C•dor (' ode for lia.lio Parts   414 
( • otn lens, t',,l'er (' isle  414 
Conductivity of Metals  416 
Continental ('ode  461 
'''titter %Vies,. Table  418 

1)ieleelrie• C'ons(ants   417 
Drill Si ,,,   231 
I tynateiem(rs ( Types anel I )ata)  388 
(Iain of Direelive Antennas  217,220 
(las-Driven ( lenerators ( Types and 1)a t a.)  :389 
Inductance, 1'aparity Wail Frequeney Charts 415-416 
lielitelanee 1)esign Charts for \'. 11.F. Coil,  416 
Line-of-Sight V.H.F. Range.  193 
Message Forts,  464 
!timbal:dew Data 313-314 
Phonetic (.'mle  464 
Q l'oele 467-468 
It - S-'1' System  464 
Reliation Angle-  196 
liadiation Pal ii•cris 199 '' 1.1 
Itachat ion licsistance 196, 210 
Ileac tame Chart   416 
Ileactatire Tal de  416 
It reviving-Tulle Classification Chart  419 
lbsistor t ' oho* (''", le   414 
Rhombi, Antelena 1)esign  215,216 
Sehematic Symbols  Frontispiece 
Signal Strength and Readal'ilit y Sea les  . 464 
Sm•ge Impedance 199,212 
Tank (. ircuit Capacily  105 
'I'aei Si•  e •   231 
l'ools  227 
Transmission Lines, Spacing  199 
'I'ratistnission Lines as Reartive ( lire 
Tratismis,i;/11 LitleS is Resonant Cire 

"V" Antennas  
Very-High Frequency (set "'Very-High Frequen-

cies") 
Voltage Distribution 194-195.209-210 
Wide-Band Antennas 224-"25 
Zepp Antenna  

Anti-Noeles  202 49 
Are-Baek  171; 
Arios, 13ridge-Circuit  48 
Arrays, Antenna 214-222 
Atoms  13 
Atmospheric Bending  188 
Atmospheric Refraction  
Attraction  14.1:82:11 
Amin) Frequencies 
Audio-Fr,', A inplifiel  • 142.149-151 
Audio-Frequency :\leasurement  407-410 
Audio Image   11;1 
Audio Limiting   129,166 
Audio Oscillators  16.. 
Aurora Skip  
Autoilyne Iteception  iplie2t 
Automatic Volume Control  163-161 
Autotransformer  41 
Average 1:tirmit Value  31 
Axes, Cathode-Ray Tube  85 

" II" Bat tery  
137 
60 

46 
Balanced Transmission Line  

lianibl'ass Fille•r   46-1:1::! 

198 
Ikon! 1'h:owing  

Bandspre,1  153 
Bawl-8,-i i cliing  

Batterie,  18-21,186-187,38:, 
11;8::17:11 Band-Width  

Baltery Service Hours (Table)  
Bazooka It:datives  224 
Beam A niennas (see " Antenna Sv stems -I 
Beam Tubes 77 
Beat Freipieneie  •  .-0, 
Beat-Frequency Signal Generators  
Beat Note  •11,11.! 

Beat Oscillator   1.'5. 163 
Bent Antenni • •'! I 
fills  62, 70-77, 79, 105, 21-122,124 
Bias Calculation  76, 105 
Bias Modulation   121-122 
Bias Supplies  181-182, "63 
Biconical Horn   •>. ,5 
Billboard Arrav'  "7 
Birdies  155,171,172 
lilee,ler  177 
Blocked-4 ; rid leying  139 
Blocked-Grid 1,imiter  88 
Blocking  118 
Blocking Oscillator  87 
Body Capacity   101,146-117 
Braiie-Fielel Oseillato   92 
Break- In  138 
Briebze l'ireuits  48 
Briebze Rectifiers   176 
Broad-Band Amplifier  71 
Broad-liand Anteme  '24-225 
Broadside Arrays 216,217-218 
Buffer Amplifii:r  94 
Buffer Condenser  185 
Buincher  91 
13us Wire   232 
Butterfly Circuits  57 
Button, Microtelione  125-126 
Buzzer Coele-Praetice Set  461 
By-l'ass Condensers 59,151 

C  16 
C/L Ratios  38.43. 106 ch. and CI, Time Constan  29 
CT-Cut ( ' rysta Is   5>i 
C. W. Reception   142, 147, 107-1118 
Calculi:ail ( ; i•ni Tit I Manager  I I 
Capacitive Coupling  
Calant ive Iteartance 14,100 31 
Capteity I 'i- 10 
Capacity ( 'ottpling 44, 1111:: 
Capacity, Distributed  
Capacity Feed-lbtek   

814;:111 
Capaeity, Grid-Cathode 
Capavity, Grid- Plate 
Capacity ( iround  
Capacity, Induct:knee Frequeney Charts 
Capacity, Interelect rode  
Capacity-Loaded Antenna  
Capacity, Plate-Cathode 
Capacity-Resistance Time Constant  29 
Carbon Microphone 125-126 
Carrier 94,127 
Cascade Amplifiers  115 

Bael: Wave   

oil, Elements 51 
nit Elements 52 

V-Antenna Design Chart  
‘'itroutti-Tithe l'haracteristies 419-4251151 

Vaeltuni-Tube• Inde•  - 
va,.,,,,,,,-Tubetla,itication Chart, Receiving... :438189 

\ aelitnit-Tul• Socket Diagrams 419-459 4-0-4-.) 
Vibrator I'oti've Silt ,I die:: I TypeS all, I Data)  

Wool Lists for Accurate Transmission  
Wire Table  

4411;48 
Chassis Layout.  230 
Chirp, leying  140 
Choke ( 'oil  59 
Choke-1*(0:0,1 :NInelulalor  120 
(71inke, Filter  177,178-179 
Choke-1nput. Filter  177.178-179 
Choke.. Swinging   
l'ircuit-lhagrain Schematic Symbol  - 
Circuit, Elvel rie .. i", -i1e71c94e 
Circuits, Bridge 48,417.424-42;3 
Circa ii,, 13titierflv  57 

222 ( ircuits. Cathode.:  74 
415 t',,-,-: tits Coaxial- Lino 49-51). 115-116, 198,206 
03 Ciri•olls, Cell,i1 1  • 80 

Circuits, Coupled 43-48 
(ircuits, Hart l'-_u'   8() 
( ' ireuits, High-Q  113 
( ' irenits, Lag  140 
Circuits, Linear 48-53,113-114 
Circuits, Pot Tank  57 



PAGE 
Circuits, Lumped-Constant  57 
Circuits, Parallel-Resonant  42 
Circuits, Power-Amplifier  70 
Circuits. Radio-Frequeney Power Amplifier 100-104 
Circuits, Receiver (see " Receivers") 
Circuits, Resonant 40-43,45 
Cirenits, Resonant Line 49 2-53 

o Circuits, Resnator 
Cirvitits, Series  28-29,40 
Circuits. Sweep 80-87 
Circuits. Transmitter see " TransmilleeS 
Circuits, Tuned 40-43,45 
Circuits. Ultraudion  
Circuits. Voltage-Multiplying  1.3 

71 72 
121-125 

 313 31 
  137,139-110 

14 
192 

(.1,,,,-A, _ Al (, - Ii, ,00 t -C. Amplifiers  
Class- t( Nlodulatia•s 
Class- It Mobil:our 1/atit 
Clicks, Kvying 
Closed I lircuit, 
Clouffil.a -or Inversion 
Coaxial-1,ine Circuit 49 50,115-110,200 
Coaxial Transmission I.ines 52.266 
Coaxial Vertieal Itadiato,  223 221 
Code , Continental) and Codt Practii.•  400 103 
Coile Practice Sets 460-103 
Code, " Q" 467-4118 
('oofliciont. of ( 'Olt pli rig   44 
(loefficient, Tiont 'era t me  58 
Coil ( see " Inductance") 
Coil Cement  
l'oil. Field   
Coil. Voice  
('oils, \\Miffing:  
('.illector Fleet rode  
Collinear Arrays 216.217-218 
(lolor ( ' odes, R.NI.\  414 
Colpitts Circ tuit.   80 
Con tl.in,.1 A.C. and f).('  59 
Conffiined Phonetic Alphabet  464 
Conffi i na m ti' Array..   222 
Conn tiunieol ions D ment epart, AMU. 11.4no-ing 
co o,r:oAnn-n o.se t .   213-21.4 
0,1140.ns:it ion, High- Frequency  78 
(.0110,ialSa r ion. 1.0,V-Frequeney  78 
Complex Wt.,.   59 
Concentric - Line Circuits (sec Coaxial- Line Ciroatiist 
Concentric Transmission Line (sec Coaxial-Transmis-

sion Lines) 
('ondenser  16 
( ' ondenser, 11,1 lid-Selling  153 
Condenser( olor Code  411 
('ondenser Colin upg  44 
Condenser- Input. Filter  177-178 
(londenser MierOrlic,,,,  12i1 
(londenser Series : Ili. I Parallel ( onnections  28-29 
Con. lenser Reaelanc..•  31 
Com n l,sers. liandspread  153 
Cod nensers, IMITer  185 
llondonsers, Ity-Pass   59 
Condensers. Ileett...lytic   177 
Condensers, Neulralizing  103 
Condensers, Voltage Rating 107,177 
C'ontinetaneg•  26 
Conduction   13.10-18 
Conduction, Electrolytic  17-18 
Condm•tion, ( lase", .: 17 
C'ornItiet ion, Therntionic  18 
('‘intltiviivity   13, 26 
(',a1,111,•tivity of 151etal  410 
Conductors   13 
Conical I lam  2"11 
('one Antennas 
Ctoistant, Time 29,114 
(lonstants, LC  13 
Constrtletnal Proclive '27 2113 
Continental Code  -101 
Control Circuits, Station  Sic; 304 
Control Grid  60 
Contridled-Rectiti..r K.•yng i   138 
Conversion Efficiency  150 
Convert ..rs, A.C.-1).( '.   187 
Clonverters, Frequency  135, I 51; 158 
Converters, V.T1.F.   157,329-332 
(lop!....r Wire Table  418 
Core 25,37 
Corner Reflector Antenna 2211,383 
Coulomb  13 
C01110 urpOiSe  222 223 
(.1ount jug Messages  463 
Cout.led Circuits 43-48 
Coupli ng  25 
Coutffing, Antenna to 11..eviver  146 
Coupling, Antenna to Transmitter 1 1.1-202 
Coupling. Chokc  120 
Coupling ( lomlenser 41,100 
Coupling. ( .rit ieal   46 
Coupling, Inductive 44-45 
Coupling, Interstage 99-100 
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Coupling, Link  . 44,100,203 
Coupling to Transmission Lines 199-202 
Coupling 'Transformer 119,128 
Craek le Finish  230 
('rit - ii .\,,n1,'191 
Critieo C I oupling  46 
Cril teal Fre.pienev  189 

.t7 Cri t Mal InductaM,  178 
( rvstals, I lezoelectrii.  57-58 
Civelall-Controlled Transmitter Construction (see 

""fr , tismitters" and'' Very-I light Freoptencies") 
('cyst,,. Failure to Oscillate  58 
('-yo)-,Filters   162,168 

Ilemlphones  1511 
('r,  sP, \ licrophotws  126 
Cr., 51 a Mountings  90 
( r.s si a Oseillat ors  81.97-99 
CI i malt ,.‘ 101-1,101U 30-37 
CM 00•, . 1)irect   25 
Current Fe..I for.5roettivis 1 17-198 
Current Flow 13,16-21 
Current in A.C. Cireffils  30 
Cuer.a11-1101.11S0" M.11110100   91 
Current 1., g and Lead 30-37 
('Ilitent M u easrement  29-3(1,36,405-407 
Curse Tracing Oscillosem».  407 
(.'urn .... Tube Cha raelvrieitle 00-05 
(-tilting Sheet. Melal  230 
Cutting Thres.1  •  232 

233 (' I- t / IT Frequene,  46 
151 Cut-1)1r Limiter  89 
150 Cul-(1ff, Plate Current   63 
23 0 3 ('velu.   3 
91 Cvliv Variai ions   190 

Cylindrical Antenna   224 
Cylindrical urn!  91 

D.C.  25 
DJ'. Insi rti Men ,  29,405-407 
DT-( ' ut Cryst.ds   58 
D'A rsonval Alovement  2!) 
Damping  42 
Deml Si mts   1.17-148 
Deribel  71 
Dei.mplitto  128 
De...miffing Clire.,ii   77 
Deerement.  42 
Defleel ion Plates  84 
Dellect ion Smisi 1 iVit:.'  84 
Degenera I ion   (19 
Degenerative Oseilla tor  81 
Deloved 5 A C   164 
Delivering Mi-see-...'s  4113 
Ditto MalvIling Transformer 201l-207 
Dent...ffilation   142 
Depdarizer  19 
Det....i ion   1.12, 143-149 
Deviation Ratio  134 
Diagrams, Sehimmtic Symbols for ',rota e.vpi,ee 
Di:. ,,,,, nil Antenna  215 
Diel.•ct rit'  13 
Dieleetrie Consi ant  16 
Diel....tric Constants ( Table)   417 
Dies   232 
Ditivren.... Or Polelit ial  IS 
Differentiating Circuits 88-89 
Diffraetion   188,190 
Diode Ih.liolors  143-144 
Dio.le \lithium.,  422-423 
Diodes 60 
Dipole, Folded  225 
Direct Coupling  44 
Direct Corrout   25 
Din-.•r It'ett.1 for .\ nietitias  197 
Direet-11,1.. Transmission  188,192 
Di revt ion of Current Flow  18 
Dir....intr.:II Am eilliaS (see " Antenna Systems -I 
Direel ire A0(0011  c  214-222 
Directivit. Animum   194 
Direct Or.. \ ntenna  216 
Directitr, .‘ 1; 1¿ 1,   11, 
Distotstit•tat ion   18 
Diserimi moor  173-174 
Dissipation, Illatt.  03 
Dissit .1T nun, l'or 32-33 
Distortion 64-65 
Distriffitted Capavity and Induct:men  36 
Divider,. Volt,.•  28,18:1 
Divisions. .\ 11111.   11 
Door Ilriolt Tube  90 
Doul.h-I,•ad Tube«   90 
Doublet. Frequency  94 
Doulde Itesonance  110 
Dotiltle Superlielermlyne  156 
Doubler Antenna  196 
Downward Mo.hilation  133 
Drift, Frequency 58,79 
Drift Space  92 
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Drill Sizes (Table)  231 
Drilling Holes  230 
Driven Elements 216-219 
Driver 99,121 
Driver Coupling  124 
Driver Power 70,105,121,124 
Drop, Voltage 28,42,175 
Dry Batteries 186,385 
Dry Cell  19 
Dummy Antennas  109 
Duplex.-Dintle Triodes and Pentodes  79 
Duplex Power Supplies   184 
Dynamic Cletracteristies  62 
Dynamic Instability  80 
Dynamic Inversion  192 
Dynamic Loudspeakers 150-151 
Dynamic Micropliones 126-127 
Dynamotor;  387 
Dynamotors (Table)  388 
Dynatron Oscillator 81-82 

E  15 
E-Laver  189 
ET-Cut Crystals  58 
Eddy Current 39,46 
Effective Current ‘value  31 
Efficiency, Amplifier  101 
Efficiency, Frequeney Conversion  15(1 
Efficiency, Trzinsfornier  38 
Electric Charges 14-16 
Electric Circuit  13-14 
Electrical Length  210 
Electricity  13 
Electricity, Static 14-16 
Electrodes  17 
Electrolyte  18 
Electrolytic ( '. unletisers  177 
Electrolytic ('mu 1 t act ion  17-18 
Electromagnetic Deflection 8:1-84 
Electromagnetic Radiation 4S-11) 
Electrontag.netist,t  21-25 
Electromotive Force ( E.M.F.)  15 
Electron Orbits 18,93 
Electrons  13 
Eleetron-Coupled Oscillator 80.431 
Electron Flow 13,60 
Electron Gun 83-84 
Electronic Core Met ion  60 
Electronic Keying ( lireciitv 87 
Electronic Kt 1/4-,i  141 
Electronic Switcliiic,  87 
Electron Transit Time  go 
Electron Tratisit-Tine• Oseillat or  92 
Electronic Voltage Regulation 180-181 
Electrostatic ( ',,u I ffi ng  44 
Electrostatic I tellection  84 
Electrosi a t ic. Field   14 
Electrostatic Incluetion 14-15 
Eleetrosta tic. Shield 109-110 
Element. Ant entia   218 
Elliptical Trave  409 
Emergency% A itpara I in,  385-394 
Emergency Power Supply 186-187 
Ent iSSi0II, Eleet not  18 
Emission, Ser.In.lary 75-76 
End Effect  194 
End-Fire Are.tys  216.218.220 
Energy 15,25-26 
Energy Rela 1 ionship  38 
Energy Transfer 43-44 
Envelope, Modulation  130 
Equi-Potent ial Cathode  75 
Excitation  79,107-108 
Exciter  
Exciter Units (see - Transmitters -) 
Executive Commit tee, AR It L  11 
Extended Double Zept, Antenna  219 
Extinction Voltage  85 

F-Lavers 189-190 
FT-Cut Crystals  58 
Fading  191 
Farad  15 
Faraday Sluiffil 109-110 
Federal Corionuturations ( ommis,' , Regulations . 12 
Feed, Series and Parallel  81 
Feetl-Back 68-69,80 
Feeders and Feetl Systems c,c.c. ' Anttmna Systems") 
Feeding, Crystal-Oseilla tor Slag,   295 
Fidelity  125,143,160 
Fielt1 Coil  150 
Field Intensity Meters 411-412 
Fin!, Electrostatic 14-15 
Fieli I, Magnetic 21-24 
Fielt I-Strength Meters 411-412 
Filament 18,75-77 
Filament Supply  175 
Fills and Repeats  463 

94 

Filter, Crystal  PÁGS162, 168 
Filters 46-47, 162, 177-179 
Filters, R.F.  139 
Final Amplifier  94 
Firing Voltage  85 
First Detector  155 
Five Meters (see " Very-Ifigh Frequencies") 
Flat- Plane Reflector  225 
Flat Response  125 
Flow, Current 13,16-21 
Fluorescent Screen  84 
Flux Density, Magnetic 22-23 
Fly-Back  85 
Flywheel Effect  42 
Focusing Electrode   83 
Folded Dipole  225 
Force, Electromotive  15 
Force, Lines of 14,21 
Fornitilas:  

A.C. Average, Effective and Peak Values  31 
Amplification Factor 61,64 
Antenna Length 194,210,219,222 
Bias-Supply Bleeder  181 
Bridge Balance  48 
Capacitive Reactance  34 
Capacity of Condenser  3 
Cathode Bias  4713 
Characteristic Impeclanee 50,51,207,456 
Coellieient of Coupling  44 
Combined A.C. and D.0  59 
Complex Wave  59 
Conductance 26,28 
Coupling-Transformer Turns Ratio  124 
Critical Iniltietanee  178 
Crystal Frequency-Thickens Ratio  58 
Decibel  71 
Delta Matehing Transformer Design  207 
Electromotive Force, Induced  25 
Filter Design 47,178 
Frequency  40 
Grid I nipec lance  105 
Grid Leak Bias  74 
Impedance 35,36,50 
Impedance Matching 39,119,2 
Impedance Ratios  301 
Iniffictance Calculation  413 
Inductance of Transmis.ston lanes   198 
I lit Met ive Reactance   31 
LC Time Constant 29,43 
'odulation Impedallel,  119 
Modulation Percentage 118,130 
Modulator Transformers, Turns Ratio  124 
Mutual Coniffietance  62 
Ohio's Law (A.C.) 33-37 
Ohm's Law (D.C.) 26-27 
Output Voltage (14,124,179 
Parallel Impedance  42 
Plate Efficiency  70 
Plate Rtssistanee  62 
Pot-Tank Design  57 
Power  '25 
Power Factor  36 
Power Output  10!) 
Pnwer-Supply ()Input \',.nage   17!) 
l'oer-Supply Transformer Voltage  w  179 
Q 41-43 

(jeeil,'Iin'tj (i; r en (a  207 Constant   29 
Rat 11.1 ion Fiel, I  400 
Reactance 34,35,36 
Resistance, Equivalent Series  43 
Ittaonance  41 

44 Resonant Impedanee 
Rhombic Antenna  216 
Ripple  178 
Sending-End I,,...' I, nee of Transmission Lines  199 
Series, l'ara 11,1 rind Series- Parallel ( laprwities . 28-29,35 
Series, Parallel and Series- Parallel Inductance 28,35 
Series, Para I lid inn l Series- Parallel Resistances 27-28,35 
Shunts, Meter  424 
Standing-Wave Bath;   

50,2(5171 Surge 1 nits, lance  
l'emperature Coefficient of Resistance  27 
Tinto Consicint   29 
Transformer V. ' It -.1 nipere Rating  180 
Transmission- l in, Oioistitnts   199 
Transmission-1,nm Length  

199  2n0e7) Transmission-Line Spacing 
Tiarns Ratio  37 
VALK 'Transmission Range  193 
Voltage Dividers 28,183 
Voltage, Int Mee,'  25 
Voltage Regulation  175 
Voltage-Regulator Limiting Resistor  180 
Wavelength  48 
Wavelength-Frequency Conversion 48,411 
Work  25 

Franklin Oscillator  81 
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Free-Space Pattern, Antenna  195 
Frequencies  33 
Frequencies, Amateur, Characteristics of  12 
Frequency 30,48 
Frequency Allocations. Amateur  11 
Frequency Compensation  78 
Frequency Converters  155,156-158 
Frequency Deviation  134 
Frequency Distortion  65 
Frequency Divider  83 
Frequency Doublers . 112 
Frequency Drift 58-59,79-80 
Frequency, Inductance and Capacity Charts 415-416 
Frequency Measurement: 

Absorption Frequency Mete 400-440)2 
Calibrated Receiver  (1 
Calibrated Receiver with Auxiliary Oscillator  396 
Comparison Methoil  402 
Frequency Standanls  396-398 
Heterodyne Frequency Meters 398-399 
1.eclier Wires   403 
V.H.F. Wavemeter  402 
WWV Seliedules  :1!17 

Frequency Meters   400-106 
Frequency Modulation: 

Const rm., ional: 
Modulator-Oscillator Unit 347-348 
56-Mc. F.M. Transmitter 345-3-16, ::4:18--:3v130.0 
5-Mc. F.M. I.F. Amplifier 333 

Deviation Ratio  134 
Discriminator  173-174 
Limiter  172-173 
Method  • 117,135-136 
Prin,'it les  117,134-136,172-174 
Reactance Modulator  135 Ilig1,-Frequenc:v Oscillator ( Receiver)   155,158-159 
Reception  172-174 Iligli-Fre.piency Relaxai on Oscillator  

46-4872 Signa 1 ( fenera t ors  -134 High- Pass Filters  
Frequency Multipliers 94,112 Iligli-Q t ' irciiits  113 
Frequency Respunse 65.125 High-Vacuum Rectifier  •   175 
Frequency Stability  79 :4/, 138 Hiram Percy Maxim Memorial   11_ 
Frequency Standards  31/6-3!/9 Hiss Noise  • 152,165 
Frequency-Tliiekness Ratio of Crystals  58 History of Amateur Radio  9-12 
Freqiiency-Wavelength ( 5niversiiin   4S lloics I )rillinz and Cutting  230 
Fronts 191-192 Hollow Wave Gaid,,   54-55 
Full-Wave Rectifier  1711 lii-h-Spccd Swecp t ' ircuits  86-87 
Fundamental Frequency  232 48 110,,t-1), Wire  

I b wit Radiators  226 
CT-Cut Crystals  58 Hum 129,133,147 
Gain Coto iSol  Hydrometer  20 128,151 
Galvanometers  30 
(;anged Tuning  153 
Gasts.us ( 'undue' ion  17 
(;asiams Regulator Tubes   ISO 
(fauges, Metal  466 
(hss iu 23 
(;enemot ors  187,387 Su 
General-Coverage Timing 153-154 111 

Generator. A.F. $i.geil  410 
Generator, A.M. Signal   410 
Generator, F.M. Signal  410 
Generator, Sweep  407 
GeniTat,trs, ( his-Driven (Table)  389 



"J" Antenna 223.393 
Joule  25 

PAGE PAGE 
D.0 30,405-406 Lazy H. Antenn  218 
Field- Intensity Meters 402.411 „eat', ( ' urn -nt  31-32 
Frequency Milers  395-404 ,eaif Storatte Itattery 19-20 
Frequency Standards :396-400 ,eitkatte Iniluetance  38 
Galvanometer  30 At:II:age Reaetance 38-39 
Lee her- Wire Systems  403 .ea ro, i o thr. Radiotelegraph Code  460 
NIctering  302 ettlit-r Wirt 403-404 
Nlicroammeter  311 .ittiz•s Law 23-24 
Nlilliattinieler  30 ,ir,-ose .IIanual. TI,, Radio . Imateur's  12 
NIoniltir, 4111 .icenses. Amateur  12 
Nbiltiiiiitters  406 ightning Protection  :384 
Multi- Range V-O-M 400 107 .iniiittr  88 
Olimmete •  4116 ,iiiiiter. F.M. 172-173 
Oseillitscoltes   4117-1111 .imiting, Attilio   166 
R.F 400-403 ,intiting t Noise) (Intuit   165-167 
Signal (',tier:dots  110 .iiiiiting Re-ispir  180 
Sweep ( ienttrator  408 rm.-of-Sight Transmission  193 
Ti-st Oscillators 411) .init Volt: et, Adjusi meld  186,304 
Volint,•ri•r, 30 .inear .t ti plifiers 72 
Wal t ! ogler  30 .ine:ir Anti•nna Transformers   51,207-209 

Insulators  14 inear ( ' ireuit - 48-53, 113-114 
Integral ing Circuit  88-89 jrntar Sc•eep 85-107 
Intel-electrode ( :11):it•ittes  63 .inear Transformer   ••  207-209 
Inturtoudin 1 e Frprineney  I 55. 159 103 .in..arity   118,119,123,1:32,1:35,1•13 
1111,mi-di:it, Frei inun,,,v .11oplifit•rs   412,159 •103 .incs of Fore,-  14.21 
Intermediate Fri- 105 ..\: nise Silen,er   107 .ilo.», Resonant  51,52-53 
Interinoliate-Frequency Transforiaters   100 1111 .in,s. Tiro-Condneior 52-5:3 
Intermodulat ion   117 oink Cic tpli„,,  44,100.201 
Internal Resistance  19 .issit ji ill's V0.91ri,   417 
International Amateur Radio Union  10 .oad  13,39,43,175 
Interpolation, Frerpiene•   :195 ,oinleil .\ iititnic s  22:3 
Interruption Frequency 148-149 Anil Imp , f 1 nee  39, 104-105 
interstage Colliding 99 1110 ,oval (/,... il al tor 1 Reeeiver)   155,158-159 
Interstage Transformer I F  1614-161 mail licsisianee  175 
Inverse Peak Viiltage   175 .4 eV I, I Ilg 82.83 
Inversion, Cloutl-La•er  192 ,ocking-In  148 
Inversion, I /ynii mitt   192 .og Iiiiiiks  460 
Inversion, Noetlirna I   192 ,on ,-Wire Antrim- .  209 -'-'I 1,214-216 
1nverm' , I'llase   129 ,r,oi e .‘ 111...nauts  223 
Inversion, Subsiilellite   192 ., et',,  49 
Inversion, Tempea u rtre  192 ,ii ee i Coupling  46 
Inverted Amplifier  78.101 ei, , '1,11.4.nria  200-201 
Ionization  17,189 .iindspeakers  150-151 
Ionosphere  189 ill .11W- t ' ( 'irruil   43 
Ionospheric Waves  INS. I s'.1 191 ,uw Fr, piencies   33 
Ions  17 tir- Fri., inenvy ('i Impensation  78 
I ron-('ore Trans( intnit•rs  $9 ..,,e-Fri..11:enc-v I'arasiti,  110 
Iron-Vane Meters  36 I,w- I .evt -1 Miiilidators  125 

,ow- Pass Filters  46-47 
my- Power Transmil ters (isw " Transmit term") 
.tutiped-llonstatit Circuils  57,118 

Key Chirps  40 NIT-l'ut Crystals 58 
Key Chas  137, 40 Ma itic-Eye ( Electron-Ray) Tube  •  164-165 
Key, Electronic  41 Nlagriet. Permanent and Temporary  22 
lev, how to Use  12 -.\ 1:, ,mefir At 1 rael ion and Repulsion 21-')2 
Keying: Nbiciietie Cireuit  22-23 

11ack Wave  :17 Ma ttie tie Feeibltitek   80 
Itritak-In  38 :NI:i"11,•1i , Fit1,1   21 
It', leet ronic Keys 41 Magnetic 1-1,olphon, ,-  150 
Ne', -( Itedurtion  139- 40 -.‘ 1,211,1ii• Induct iun  22 
Aril hods: Niagnetie Sturm.,   190 

bluckuil 1...rid   39,N1,t"n.•1i,,,  21-25 
(1,1111u.le ur C.-111,-r-Tmp  39 Mn.rn,•1izin ,, current   38 
t irid-Ciintriilleil Rectifier   to :\ la..ril.torloltive It'ort•t•   22 
Plate  38 Nlactiet run 1'4,,eillator   92-93 
rower-Supply  :;.; ibur 'PI', The Radio . linalcur's Lirearr  12 
Primary  39 Mare, ini ( Crot(ntled) Antonin 2'"-.23 
Sereen Grit I  38 Masi  • 376-3811 
Suppressor Cri,!   39 l‘latvldng Impedance   39.51 
Tube lexter   1111.: )0 Slat, -rials  228 
‘Vifveforni   :37 Maximum Current Value  31 

NIonitoring  41 Maximum Usable Fr,,1,1,-ney   189 
Oscillat in" Keying  40 Measurentenls: 
l'ara>it iv ( licks   11) Antenna 411-412 

Keving Circuits, ElecIrtofic   87 f lurntnt 29-30,36-37,4(15-4(17 
Kiroevele  30 Frei piencv  3115-404 
KiloInn  26 Modulatitio lt, 5-127,136,407 
Kilovolt  or, 1', ,vi-r  29-30,405 
Kilowatt  26 Resistant,  405 
Kilowatt-IIour  20 Vult ,,,,  29-30,405-4117 
Kinescopes (Table)  411 N VW V Seliedides  397 
Klystron Amplifier 91 92 Measut•ing Instruments  29-30, :P1-37,3911-1 I 2 
Klystron Oscillator 91-92 Meg:it-vile  :to 

Megolrin  26 
I  24 Nleinorizing the ("ode 460-461 
Le Constants  43 Nlerttun- Vapor Rectifie   79 
/,/C Ratios  -13,79,107 Message II:milling 464-465 
1,C Time Constant  29 NI etal. Cleaning and Finishing  232 
I.-Section Filters  47 Meters ( see " Instruments") 
Lag Circuit  HO Mho  26 
Lag, Current 31-32 NI iertia mustier;  30 
Lag, Keying  1:17 NI icri, in pitre  26 
Laminations  39 Mier-if:trail and Nlieronnerofarad  15 
Land Line Check  465 Si icrolienry  25 
Lapse Rate  192 Niiertinilio  62 
Laws Concerning Aniateur Operation  11 NI ierophimes  117,125-127 
Layer Height  190 NI ittrovolt  26 
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I1licrowatt  26 
.1\ licrttwave Oscillators 372-374 
Alillianoneters  30 
Alilliampere  26 
Millihenry  ''5 
Alillivolt   26 
l‘lilliwatt,  26 
mixer.'   155 
Mixers, Signal Generator  410 
Mobile Antennas  :382.3113 
Mode  
1\ ( odes of Propagation  55 
ItIothila I it'll: 

,\,Iiiistments and Testing 13o • I3-1,407 
Ainititinle Modulation   117-119 
Capability   115 
Cal Ms I,' Arodulation   122--123 
Characteristic   115 
Envelope 130 1:11 
Frequency NIothil:    117,134-136 
(1rid-Itiattl\lodulation   121-12.' 
Im)Setlanee   119.123 
Linearity   118. 119,123.132.135.1.13 
Aleasurements  . 125-127.136.107 
Alethod,   117-123.135 136 
Alonitoring  131 
Percentage   115. 1:1,1 1:11 
pliiie Mishilation   Il!? 121 
l'i.wer   11>•. 11..1. 121 
Suppressor "Alodulation  122 
Test Equipment  107 
Wavefrrms  131 

Modulalor Data 313 311 
Itlodulatit     124-125,305-315,373-374,392 
it Ittlecular Friel iini   14 
.Alelecitle  • 13 
-Monitor.  131.141.-101 
Alonoscopes ! Table)  441 

125.172 
96 

Moving-Coil Meters  3t1 
Moyne, Iron-Vane Meters  29 30.31'. 
N111   111 
Multi- Band AntennIs  211-214 
Multi- Element. Tubes 74-77 
'511111i-llop Transmission  191 
1\1111timelers   406 
Multi- Purpose 'l'ul.tes 71-77 
I1InItipliers, Frequency 91.112 
'Alult itliers. Voltmeter 30.406 
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Noise Reduction  165 11;7 ' Psi 
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Ohm's law  
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Positive Charges 
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Output Limiting  129 
Output Power 69, 79, 109 
Output Transformer  70 
Output. Voltage 69,124, 178, 179 
Oxii le-Coated Cathode  73 
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Overmodulation  118 
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'arallel Capacities   29 
'arallel C'ircuil  • 28-29, :15,42 
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'arallel Resistance,   27-28 
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'arallel Tuning  200 
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Pick-Up Coil  199 
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11,i le Dettietors 
'11 le 11issipation   
'Ian. Etlieiiincy  711,79 
late 1:..e ing  138 
late Load Itesistanee 61-62 
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Preselection 
PresetNiters (see " Receivers") 
Primary 37,45 
Primary Cell  19 
Primary Coil  37 
Primary Keying  139 
Procedure, Operating 41;2-465 
Propagation, Wave 188-193 
Protective tills  181 
Pulleys, Antenna  378 
Pulling  156 
Pulsating Current.  59 
Pulse Transmission 12.88 
Pure D.0  175 
Push-Back Wire  232 
Push-Pul I Amplifie   70-71 
Push-Pull Negat iye-nesistance Oscillator  82 
Push-Pull Neu t el I ization  102 
Push-Push poilbler   112 
Push-Pull Parallel-Line Oscillators  115 
Pyramidal Horn  226 

S Antenna  207 
 32,42-43,46,95,113 

Q Code 467-468 
QRK Scale  468 
QRR  468 
QSA Scale  468 
"Q "-Section Transformer  208 
QST  468 
QST  11 
Quarter Wave  49 
Quartz Crystals (see " Crystals") 
Quench Frequency 148-149 

R  26 
R.M.S. Current Value  31 
Rack Construction 300-301 
Radiation 9 49 
Radiation Angle 191-194,196 
Radiation Characteristics  195 
Radiation Field  196 
Radiation Patterns 19') 197  211 
Radiation Resistance 49,195,210 
Radiator (see" Antennas") 
Radio Amateur's License Manual, The  12 
Radio Communication  9-12 
Radio Frequency  33 
Radio-Frequency Amplification 100-104 

 142,151-153 
Radio-Frequency Choke Coil  59 

PAGE 
Pot Oscillator  113 
Pot Tank Circuits  57 
Potential Difference 15,16 
Potentiometers  28 
Power  25 
Power Amplification 69-70 
Power Amplifiers, Receiver 149-150 
Power Factor  36 
Power Gain, Antenna 194-210 
Power Measurement 30.405-407 
Power Output 69,70,109 
Power Sensitivity  70 
Power-Supply Keying 138-139 
Power Supplies: 

A.C.-D.C. 183-184 
A.C.-D.C. Converters  187,388 
Battery Service Hours (Table)  188 
Bias Supplies  279 
Combination A.C.-Storage Battery Supplies. . 385-386 
Constructional: 

100-Volt Bias Supply  279 
300-Volt 75-Ma.  262 
300-Volt 100-Ma. Vibrator Storage-Battery 

Supply  386 
450-Volt 130-Ma, Plate Supply  257 
780-620-Volt 260-Ma. Plate Supply  263 
1000-400-Volt 125- 150-Ma. Dual Supply  269 
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Design Data  175 
Dry Batteries 186,385 
Dynamotors  187 
Dynainotors (Table)  388 
Emergency Power Supply 186,385-390 
Filament Supply  175 
Ge.neinotors  187 
Generators. Gas-Driven (Table)  389 
Noise Elimination  390 
Plate Supply 175,183,184 
Portable 186-187 
Pri ne itile  175, 
Storage Batteries 19-20,1811-187.389 
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A'brat nick  187 
Vibraters  185-186,187,386 
Vibrator Supplies (Table)  388 
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Radio-Frequency Amplifiers (Receivers) 
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Radio-Frequency Power-Amplifier Circuits 100-104 
Radio-Frequency Power Amplifiers (see "Transmit-
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Radio-Frequency Power Generation 94-116 
Radie-Frequency Resistance  41 
Radio-Frequency Shielding  145 
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Radiotelegraph Operating Procedure  463 
Radiotelephony: 

Adjustments and Testing 130-134 
Class-B Modulators 124-125 
Class-B Modulators (Table) 313-314 
Constructional: 

6-Watt P.P. 2A3 Speech-Amplifier and Driver 
with Volume Compression  309 

10-Watt Class-B GAG Modulator  305 
20-Watt 6L6 Speech Amplifier/Modulator  307 
40-Watt 61.6 Speech Amplifier/Modulator  308 
F.M. Modulator-Oscillators 347-348 
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Measurements 125-127,136,395 
Microphones 125-127 
Modulation 117-125,134-136 
Monitors  404 
Operating Procedure  460 
Principles 117-136 
Recept ion  168 
Resistance-Coupled Speech Amplifier Data 115,311-312 
Speech Amplifiers 127-129 

Radio Transmission  188 
Radio Waves 9-10,188 
Range, V.H.F.193 
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Ratio Arms  48 
Ratio, Impedance  39 
Ratio, Turns  37 
Ray, Direct and Reflected  188 
Reactance 33-34,51 
Reactance, Capacitive  34 
Reactance, Inductive  34 
Reactance, Leakage  38 
Readability Scale  464 
Receive's: 

Antennas for  226 
Constructional: 

2-Tube 2-Stage Regenerative 234-238 
2-Tube Superheterodyne (6K8-6C8G) 238-241 
3-Tube Wide-Range Superheterodyne 241-244 
7-Tube Regenerative S.S. Superheterodyne.  245-248 
12-Tube Crystal Filter 248-252 
Panoramic 252-255 
(See also "Very-High Frequencies — Receiv-

ers") 
Measurements  395 
Principles and Design 142-174 
Test Equipment  395 

Receiving-Tube Classification Chart  419 
Rectification  60 
Rectifier Circuits  175 
Rectifiers 60,79,175-176 
Rectifiers (Table) 443-444 
Reflected Impedance  39 
Reflected Load  39 
Reflected Waves 48-49 
Reflection of Radio Waves 188,189,195 
Reflector  221 
Reflector Electrode  91 
Refraction of Radio Waves  190 
Regeneration 68,162,165 
Regeneration Control  146 
Regenerative Detectors  146 
Regenerative I.F.  162 
Regenerative Receivers  142 
Regulation, Voltage 175,181 
Regulations, Amateur  11 
Regulator Tubes  180 
Regulator, Voltage  175 
Relative Polarity  15 
Relaxation Oscillator 82-83 
Relay, Keying  138 
Reluctance  23 
Repulsion 14,21 
Repulsion-Type A.C. Meters  36 
Resistance 13,26-28,33 
Resistance-Capacity Filter  47 
Resistance-Capacity Oscillators  82 
Resistance-Capacity Time Constant  29 
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Resistance-Coupled Audio Amplifiers  128 
Resistance Coupling 44,128 
Resistance Measurement  405 
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Resistance, Radiation  49 
Resistance, R.F  41 
Resistance, Tube Input  152 
Resistances in Series and Parallel 27-28 
Resistor  27 
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Resistor Color Code  414 
Resonance 41,179 
Resonance Curve  143 
Resonance, Harmonic  49 
Resonance of Transmission Lines, Computing  457 
Resonance. Sharpness of  41 
Resonant Circuits 40-43,45-46 
Resonant Frequency  40 
Resonant Impet lance 42,437 
Resonant-l.ine Circuits 5253 
Resonant Transmission Lines 1.t6 202-•'04 
Resonator Circuits 55-56 
Response Frequency 1;5, 123 
Restricted Spice Antennas 213-214 
Retarding FieItl 81,91,92 
Retarding-Field Oscillators 91,92 
Return Trace  85 
Reversal, Phase  68 
R.F. Instruments  . 3115-400 
Rhombic Antenna 217-218 
Ribbon Microphones  126 
Ripple Voltage 177,178 
Rochelle Salts Crystals  58 
Root-Mean-Square Value  31 
Rotary Antennas 220-222,379-381 

S Meters 164-165 
S Sigile  461 
Saturation, Magnetic  23 
Saturation l'oint  60 
Sawtooth Sweep  408 
Sawtooth Wave s ss 
Schematic Symbols Frontispiece 
Screen Grid  
Screen-Grid Amplifiers  
Screen-GI-hi Keying  
Screen-Grid Tidies  
Screens, Fltioreseent  
Screen Voltage Calculation  
Seasonal Effects 
Second Detector 
Seconclary 

Solar Cycle  1..190 
Soldering  233 
Space Charge  60 
Spare Wave  188 
Spectrum, A.C.  33 
Spectrum, Triangular  134 
Speeell Amplifiers 
Spec,.11 .4 tail Allier Design Charts  127-129,136 128 
Speeeli Waves  119 
Spormlir-E Laver Ionization  0 
spr,,olers. Anienna 198,31897 
Spurious Responses   155,168-169 
Spurious Sidehands 
St pia re Wave 119,133 88 
S.itiegging 159,172 

..':tiaul(t'infieti;.1,12:F°rsta:, Osai)):, 11 II .:•,itta,;.-   82 :- 
Stability. Ita••eiva•r 79-80,138 143,172 
Stabilization. Voltage 180-181,182 
Stage C1ain  127 
Siaiskin Is, Frequency 414-416 
Staisling Waves  50-51 
Stan. ling-Wave Itatio  51 
Starl ing Voltage   180 
Stai II' ( laraeteristies  
Statie Electricity 62-111:1 St at iv ( lunge  

14-16 

Storage Batteries 303-304 
Station Control Cii•viiit 

  19-20,186-187,389 
Straight Amplifier  94 
Striking V(»Itagt•  86 
Stubs. .4titt•tina NIateliing  207 
Subsidence Inversion  192 

73 SIIIISI.Ot ( 'vale  

138 Sul sTregenerat ion   119420 
120 Superheierodyne  

148 
75 Superregenerative ltetas•tors  142,148-149 
84 Sul wrregenera t ive Iterei vet s  142,316 
77 Suppression, Harmonic  98 
190 Suppressor (: rid   62 

S11111•VICtillItr4 ;rid leyinit  139 
Suppre,sor-t : rid Modulation   121 
tinpliressor, Noise 166-167 
Surf:tee Wave 190,194 
Surge Impedance 51-52,209 
Sweep Circuits 86-87, 

SWerje \\ 7 
* a V.1.01'1113  4 

Sweep t Ienerator  44(8 
00)7 

Swing, t ; rid   61 
Swinging Choke  178 
Switehing, Antenna  384 
Switelling. (*onto ,' sy,t,,,,,   303-304 
Syml rails, Seheinatie Frontispiece 
›,y1111.1S, Vat•l111111 Tube  420 

e Synhronizat ion  
Synchronous Vibrators 83,86 187 

  155,1113,16)6 
 37 38 

Secondary Cells 19-20 
Secontlary Coil  37 
Secondary Emission 75-76 
Section Communications Managers  11 
Seetoral Horn  228 
Selective Fading  193 



Trans-Atlantic Tests 
Transceivers 
Transconductance, ( l rid- Plate  
Transvottillietative, Negative  
Transformer C'!' 'r 1'oilos 
Transforiner-Coupleil Amplifiers  
Tramtforitter Coupling et -45,1)11,128 
'1'ranstorisser. Delta-Alalching 2(10-207 
Transformer 1)esign   179-180 
Transformer Ellicii•tioy   38 
Transformer Primary  37 
Transformer, " Q --Seoti..ii   21)7 

37 
Transforinerless Power Supph,..,   183 
l'ransfortilers 37-40 
Transfornie  1 F  100 - 101 
Transforiners, 1.int•ar-('ire1lit.   54-55,211S-2119 
Transformers, Plate   17))" St) 
Transformers, 11rwitiding for Vibrator Supplios  385 
Transfonners, Triple-Tuned  161 
Transit rim  82 
Transit Time  90 
Trato-it-Tinie Alinniclron Oseillalor  93 
Traii,n,i,ion Line. 54,198 2119,382 

52 
199.202 

 450-457 

Transformer Secondary  

Tratist,i.sion Lines as 1-11-.10 Elements  
Tram-tiossiiiii Line 1 ' oupling  
Transiiiissicin-Line Potion:11ms 
Trans:nil 11.a.s: 

Antenna (-mil tiier 
Antenna Stitt oiling   
Antenna 1.111,,, :s., ".\ 111ellaaa") 
Colleitrari Iona!: 
Complete Transmitter A,,otillilies: 

15-25-W a tt 61,0 Alldta nil   250 
75-5V:,)) Alulti-liand \\ iti, 8117 I'm  204 
75-Watt Albliand 1Vill, s,o7 Final 261) 
90-NV:it 1 (' 5V. 55111, ¡'. 1' 01.0,  
mo_w„,, ,-,_ i)„„,1 \vi ti, I,;,3 1,-,„„i   207 - 21i.: 
200-1Vatt Four-liand   
300-M' a it. compact Transmitter  271 
450-5Vai t Itand-Switellitu2: 
450- \Va If Variable-Frequency ( 1:mg-Tuned 299 

Excite, d,r IA owPv nm , - owr i rasiits: 
Varialti-Freiiiieney Exeiters 287-2111 
15-55 a t I 011tput 01.0 liread-Board 2511-257 
50- \Vail () l)pid 61.0-807 Plug-In ('oil . .  257-259 
50- \Vail () atiml 61'5-0 ..\: 7-It:old-Switching 260-202 
lif 1-W, I I Ont sri, 61.1011.0, I'. I'.   `)115 
75- \Vat I ()allot!. 61,6-11165-1023 267-2118 
150-AV:ill Oulput  270 

l'ower Ai iii il inert:: 
450- \V:itt Input Push-Pull 272-270 
4511.5Vat t Itand-Sw itching Push-Pull 271i -278 
451)-55', 1 t 11ang-Tuned Pus h- Poll  290 
300-500-W Pait Single-Ended 281-283 
800-Watt ,,..1.-P T till etrode  283 
1-Kw. l'iisli-l'ull   28,.. 

(See aall..'.'.,,.."Very - II ¡glu Frequencies — . r....,,,,. .it-
terri") 

Control ( ' irenit s 303-304 
Keying (see " leying") 
Mea>alrenien)s  395 
Mengiiii,   3112 
;\10,1, 11,,tittns I, " Modulation "and Bade , 

teletillt My **) 
pow, s‘, 1,1,1y ,,,,, " I'mv,r Supplies") 

Principlos and I t(osshir ,,I!,,!.Cn el: ostruct 

VacuumT ube 
ion 

- li•yi•r 

 91-110 
 300-301 

55 

Trans\ et's, SI omeli, :‘ 1. ,de  55 
Trapesoidal l'at tern   1.31-132 
Trapezoi.I Wave  88 
Triangular Siii-et rum  131 
Trigcor Circuits  87 
Triggering Voltage  85 
Trimmer Cotelotisor   154 
Trioiles 611-63 
Triode Amplifier,   100 
Triode Crystal Oscillators  97 
Trilde-Tiine.1Transforn10   1111 
Tri-Tel. Oscillator  98 
Trm..,sphert• Propagation   191-192 
Tropospheric Waves  188 
Troublc Shooting Oteeviversi   109-172 
Trough Lille  49 
1.1110. ( lassification (: letri    419 
Tube líeyer  140,297 
Tube Noise  152 
Tube Ratings  63,425 
Tubes (see " Varmint Tubes -) 
Tuned Circuits  40-43,52 
Tuned-Crid Tuned-Plate Circuit  81 
Tuned R.F. Receiver  142 
l'unial Transi,  1,itie  • 202-2141 
Tungsten Cmhodt  73 
Tuning 1'1, 9e:dorm 164-105 
Tuning Receivers 147,153-154,108,174 
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Voltage Ratio. Transformer  37 Wavelengths, Amateur  11 
Voltage Regulation 175,180,181 Wavemeter (see " Frequeney Meters") 
Voltage, Ripple 177,178 Waves, Radio  9-10 
Voltage Rise  42 Wayeshape 37,61,85,88,105,117-121,125,162 
Voltage, Sereen t aleulat Mt)  77 Wiveshaping ( Iretuts 88-89 
Voltage-Stabilized I ower Si stml ir s  180-181.182 Wheatstone Bridge  48 
\"olt meters 29-30,106 Wid,-liand Amplifier  78 
Volume Control 128,163-164 Wide- Band Antennas 224-225 

Winding C'oils  - 233 
W1AW-WLI\IK, All Ill. Ifq. Station  11 Wire Table  418 
W1INF  11 Wired \Virele, ,,,, "( 'arrier-Current Commumeation") 
W1,\Œ  11 Wiring Apparat tis  232-233 
WA( Certificates  11 Wiring Diagrams Symbols for Frontispiece 
V, ti. 23-211 Word Lists hilt . 1tmtirale Transmission  462 
Wait-Hour  211 Working Volt •.....•  177 
\Va I t-Seeontl  26 Workshop Pram ive 227-233 
\Vat t meter  tt W W V Schedules   397 
\Vave Angle  Iut 
Wa ve Etna•lope Pattern   1:;0 - 132 X 33-34 
Wive Guide,  s;› 9..-, 1-:.t; X-Cut Crystals  58 Wave. Crouml  1 ; 12-193 
Wave Propagatitœ  155-ItI3 y-titi Crystal  58 \\*aye Sine  30 
Wave. Sky  158 
NVavettorM  8th 130 132,137 Z 34-35 
Waveh•ngth  48 Zero Beat  148 
\Vaveletigth-Fre;pieney I'on\ g•rsi..1   48 Zero- Bias Limiter  88 
Wavelength Pert:mm.1m,  190 Zepp Feed for .1titetinas  202 
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Catalog Section 

In the following pages is a catalog-

file of products of the principal manu-

facturers who serve the short-wave 

field. Appearance in these pages is 

by invitation— space has been sold 

only to those dependable firms whose 

established integrity and whose prod-

ucts have met with the approval of 

the American Radio Relay League. 
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Altec-Lansing Corporation  78 International Resistance Co.  108 
American Lava Corporation  137 

Jensen Radio Mfg. Co.  63 
American Phenolic Corporation  27 

Johnson Co., E. F.  142-143 
American Radio Relay league, Inc. 

Jones Co., Howard B.  152 
1,2,125-136,138 

James Knights Company, The  95 
American Television & Radio Co.  176 

r.t American Transformer Company  
Amperes Electronic Products  Andrew Company 56, 9574 Lewis Electronics  

Mallory & Co., Inc., P. R.  58 
Marion Electrical Instrument Co   90 33  

62 

Bliley Electric Company 43-46 Measurements Corporation  
119 McElroy, Ted  
47 McElroy Mfg. Co.  

110-111 
21-26 

Maryland Engineering Co.  174 

Birnbach Rodio Company, Inc   
76 1 

Astatic Corporation, The  65 

Barker & Williamson  

e Browning Laboratories, Inc.  

Brach Mfg. Corp., L. 5   75 Micro- Switch Corporation  54 

74 
48 Millen Mfg. Co., Inc., James  
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3-20 

1  Cambridge Thermionic Corporation  114 Newark Electric Company 150-151 
Cameradio Co   104 
Candler System  82 
Cardwell Mfg. Corp., Allen D   70 Par-Metal Products Corp   

Cinaudagraph-Aireon Mfg. Corp. 166-167 Premax Products  
Clarostat Mfg. Company, Inc.   115 

Ohmite Mfg. Co   
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66-67 

64 
Centralab 86,87 Plymold Corporation, The  146 

55 

Collins Radio Company, The 49-51 Radio Manufacturing Engineers, Inc. 98-100 
......... Concord Radio Corporation  96 
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Crystal Products Inc.  124 
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Echophone Radio Company 60-61 Solar Mfg. Co.  32 
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Freed Transformer Company  164 Superior Electric Co.  140 

General Electric Company 105-107,113 Sylvania Electric 92-93 
Gothard Manufacturing Co.  165 Taylor Tubes  122 
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1 Hall, R. C. & L. F.  172 Thordarson Electric Mfg. Co.  85 
Hallicrafters Company, The  

Hammarlund Manufacturing Co. Inc., The. .. 34-41 Turner Company, The  97 
Harrison Rodio Corporation  121 
Harvey Radio Company  89 Ungar Electric Tools, Inc   160 
Harvey-Wells Electronics, Inc   158-159 United Transformer Corp   69 
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Henry Mfg   141 Vibroplex Company, The  
Henry Radio Shops  83 
Hewlett-Packard Co. 154-155 Weller Mfg. Co   156 

Howard Radio Company 177-208 Trimm, Inc.   80 

123 

Terminal Radio Co   

Wholesale Radio Laboratories  157 

148 

71 
79 

Hytron Radio & Electronics Corporation. .. . 72-73 Wiley & Sons, John   175 
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NATIONAL DIALS 
The four-inch N Dial has an engine 
divided scale and vernier. The 
vernier is flush with the scale. 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 List $ 

"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. 
An illuminator is available. The 
case is black bakelite. 1 or 5 scale. 
4" diam. Fits 1/4" shaft. Specify 
scale. 

B Dial List S 

Illuminator, extra List S 

The original "Velvet Vernier" 
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 1/4 " shaft 

AM Dial List S 

The BM Dial is a smaller version 
of the 8 Dial (described in the op-
posite column) for use where 
space is limited. The drive ratio is 
fixed. Although small in size, the 
BM Dial has the same smooth ac-
tion as the larger units. 1 or 5 
scale. 3" diam. Fits 1A" shaft. Spec-
ify scale. 

BM Dial List S 

INEXPENSIVE DIALS 

ci 
TYPE R 

List $ 
15/g" Dia. 

Etched Nickel 

Silver 

(rt.; 

TYPE 0 

List $ 
31/2" Dia. 

TYPE L 

List $ 
5" Dia. 

TYPE K 

List $ 
31,2" pia. 

TYPE M 

List $ 
5" Dia. 

FOR INDIVIDUAL CALIBRATING 

For experimenters who "build their own" and de' 
direct calibration. Fine for Freq. Monitors and ECII 

• Dial bezel size 5" x 71/4" 
• Five blank scales for direct calibration 

• Employs Velvet Vernier Drive • Easy to mount 

TYPE ACN List $ 

R Dial scale 3 only but marked 10-6; 0, K, L, M scale 2. All fit 1/4" shafts. 

KNOBS 
HRK (Fits 1/4" shaft) 
Black bakelite knob 23/g" diam. 

HRP-P (Fits 1/4 " shaft) List S 
Black bakelite knob 11/4" long and 
1/9" wide. Equipped with pointer. 

HRP List S 
The Type 
HRP knob has 
no pointer, 
but is other-
wise the same 
as the knob 
above. 

List S 
ACCESSORIES 

ODL List S 
A locking device which clamps the rim of 0, K, L 
and M Dials. Brass, nickel plated. 

ODD List S 
Vernier drive for 0, K, L, M or 
other plain dials. 

SB (Fits 1/4" shaft) 

Scale 
1 
2 
3 
4 
5 
6 

Divisions 

0 100 0 
0.100 
100-0 
150-O 
200-0 
0-150 

DIAL SCALES 

Rotation 

180° 
180° 
180° 
270° 
360° 
2700 

Direction of Condenser Rotation 
for increase of dial reading 

Elther 
Counter Clockwise 
Clockw,se 
Clockwise 
Clockwise 
Counter Clockwise 

List S 
A nickel plated 
brass bushing 
1/2" diam. 

RSL (Fits 1/4" 
shaft) List S 
Rotor Shaft Lock 
for TMA, TMC 
and similar con-
densers. 

4 



NATIONAL PRECISION CONDENSERS 
The Micrometer dial reads di-
rect to one part in 500. Division 
lines are approximately 1/4 " 
apart. The dial revolves ten 
times in covering the tuning 
range, and the numbers visible 
through the small windows 
change every revolution to give 
consecutive numbering by tens 
from 0 to 500. The condenser is 
of extremely rigid construction, 
with four bearings on the rotor 
shaft. The drive, at the mid- point 
of the rotor, is through an en-
closed preloaded worm gear 
with 20 to 1 ratio. Each rotor is 

individually insulated from the frame, and each has its own individual rotor contact. Stator 
insulation is Steatite. Plate shdpe is straight-line frequency when the frequency range is 2:1. 
PW Condensers are available in 2, 3 or 4 sections, in either 160 or 225 mmf per section. 

Larger capacities cannot be supplied. 
A single- section PW condenser with grounded rotor is supplied in capacities of 150, 

200, 350 and 500 mrr f, single spaced, and capacities up to 125 mmf, double spaced. 
PW condensers are al with rotor shaft parallel to the panel. 

PW-1R Single section rght 

PW-1 L Single section left 
PW-2R Double section -ight 
PW-2L Double section left 
PW-2S Single section each side 

NPW MODELS with 

List S 
List S 
List S 
List S 
List S 

micrometer 

WW2 

• 

4 r NPW-3 

GEAR DRIVE UNITS with 

PW-3R Double section right; single 
left List S 

PW-3L Double section left; single 
right List S 

PW-4 Double section each side List S 

dial 
NPW-3. Three sections, each 225 mmf. 

List S 

NPW-X. Three sections, each 25 mmf. 
List S 

Both condensers are similar to PW models, 
except that rotor shaft is perpendicular to 
panel. 

micrometer dial 
NPW-0 List S 
Uses parts similar to the NPW condenser. 
Drive shaft perpendicular to panel. One 
TX-9 coupling supplied. 

PW-0 List S 
Uses parts similar to the PW condenser. 
Drive shaft parallel to panel. Two TX-9 
couplings supplied. 

MICROMETER DIAL 
PW-D List S 

Identical with the dials used on the condensers and drives above. It revolves 
ten t.-nes in covering the complete range and as there is no gear reduction unit 
furnished, the driven shait will revolve ten times, also. The PW-D dial fits a 
shaft n" in diameter. 
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NATIONAL RECEIVING CONDENSERS 

NOTE - Type SS Condensers, 
having straight-line-capacity plates 
but otherwise similar to the Type 
ST, are available. Capacities and 
Prices same as Type s-r. 

Minimum No. of 
Capacity Capacity I Plates Al,'"' it«le l 'en.'" 1 Symbol List 

SINGLE BEARING MODELS 
15 Mmf. 
25 
50 

3 Mmf. 
3.25 
3.5 

3 
4 
7 

.018" 

.018" 

.018" 

1%" 
13/16" 
iy,6" 

STHS- 15 
STHS- 25 
STHS- so 

DOUBLE BEARING MODELS 
35 Mmf. 
50 
75 

100 
140 
150 
200 
250 
300 
335 

6 Mmf. 
7 
e 
9 
10 
10.5 
12.0 
13.5 
15.0 
17.0 

8 
11 
15 

i'9 
29 
27 
32 

U 

.026" 

.026" 

.026" 

:8E) 
.026" 
.018" 
.018" 

:813:: 

21/4" 
21/4 " 
21/4 " 

kvi,47, 
2,1/4 " 
2V" 
23,:, 

n" 

ST- 35 
57- 50 
ST- 75 
ST-100 
ST-140 
ST-150 

STH-200 
gm-25o 
um?? 

SPLIT STATOR DOUBLE BEARING MODELS 

50-50 ? 5-5 
100-100 1 5.5-5.5 

11-11 ! .0267 21/4 ". 
14-14 .018' 21/4 ' 

STD- 50 
STHD-100 

5 

The ST Type condenser has Straight-Line Wavelength plates. All double-bearing models 
have the front bearing insulated to prevent noise. On special order a shaft extension at 
each end is available, for ganging . (Dn double- bearing single shaft models, the rotor con-
tact is through a constant impedance pigtail. Isolantite insulation. 

Capacity Minimum No. of Air Gap Length e ntl List 

15 Mmf. 7 Mmf. 6 .055" 21/4 " SEU- 15 5 
20 7.5 8 .055" 21/4" SEU- 20 
25 8 9 .055" 21/4 " SEU- 25 

50 9 11 .026" 21/4 " SE- 50 
75 10 15 .026" 21/4 " SE- 75 
100 11.5 20 .026" 21/4 " SE-100 
150 13 29 .026" 21/4 " SE-150 

200 12 27 .018" 21/4 " SEH-200 
250 14 32 .018" 21/4 " SEH-250 
300 16 39 .018" 21/4 " SEH-300 
335 17 43 .018" 21/4 " SEH-335 

TYPE SE - All models have two rotor bearings, the front bearing being insulated to 
prevent noise. A shaft extension at each end, for ganging, is available on special order. 
On models with single shaft extension, the rotor contact is through a constant impedance 
pigtail. The SEU models (illustrated) are suitable for high voltages as their plates are thick 
polished aluminum with rounded edges. Other SE condensers do not have polished edges 
on the plates. Isolantite insulation. 

Capacity 
Minimum 
Capacity 

No. of 
Plates Length 

: Catalog 
! Symbol List 

350 Mmf. 12 Mmf. 20 2%" I EM-350 5 
500 16 29 4 mi ' I EM-500 

1000 22 56 61/4 " 1 EM-1 000 

TYPE EM - A general purpose condenser available 
in large sizes and having Straight-Line capacity plates. 
They are similar in construction to the TMC Trans-
mitting condenser, and have high efficiency and rugged 
frames. Insulation is Isolantite, and Peak Voltage Rating 
is 1000 volts. 



NATIONAL 
PSR — See table 
Type PSR condensers 
are small, compact, low-
loss units with silver 
plating on conducting 
parts. Their soldered 
construction makes them 
particularly suitable for 
applications where vi-
bration is present. Ad-
iustment is made with a 
screw driver. Steatite 
base. 
PSE — See table — 
Type PSE condensers 
are similar to Type PSR, 
but are provided with a 
1/4" diameter shaft ex-
tension at each end. 
PSL — See . able — 
Type PSL condensers 
are similar to Type PSR, 
but are provided with a 
rotor shaft lock, so that 
the rotor can be clamped 
at any setting. 
MSR, MSE, MSL — 
See table — Condens 
ers of the MS series are 
similar in appearance to 
the PS series described 
above, but they differ 
in making use of plates 
which are like those of 
the UM condenser. This 
and other small changes 
result in a more robust 
and rigid assembly. 
Other details of the 
MSR, MSE, and MSL 
are the same as the PSR, 
PSE, and PSL respec-
tively. 

NATIONAL 

MINIATURE CONDENSERS 

List Capacity Catalog Symbol 

25 mm1. i PSR-25 1 PSE-25 PSL-25 
50 ' PSR-50 I PSE-50 PSL-50 
75 I PSR-75 PSE-75 , PSL-75 

100 I PSR-100 PSE-100 PSL-t00 
140 1 PSR-140 PSE-140 1 PSL-140 

Capacity Catalog Symbol List 
I 

25 mml. 
50 
75 

100 

MSR-25 
MSR-50 
MSR-75 
MSR-100 

MSE-25 
MSE-50 
MSE-75 
MSE-100 

MSL-25 
MSL-50 
MSL-75 
MSL-100 

$ 

Capacity 

15 mall. 
35 
50 
75 

100 
25 

Minimum No. of 
Capacity 

Catalog 
Plates Air Gap Symbol List 

1.5 6 .017" t».4-15 
2.5 12 .017" UM-35 
3 16 .017" LIM-50 
3.5 22 .017" UM-75 
4.5 28 .017" UM-100 
3.4 14 .042" UMA-25 

BALANCED STATOR MODEL 

25 2 4-4-4 .017" I UMB-25 S 

M-30 List S 
Type M-30 is a small 
adjustable mica con-
denser with a maximum 
capacity of 30 mmf. 
Dimensions 1346" x 946" x 
1/2". lsolantite base. 
W-75, 75 mmf. Lid S 
W-100, 100 mmF. List S 
Small padding con-dens-
ers having very low tem-
perature coefficient. 
Mounted in an aluminum 
shield 11/4" in diameter. 
The UM CONDENSER 
is designed for ultra 
high frequency use and 
is small enough for con-
venient mounting in 
P8-10 and RO shield 
cans. They are particu-
larly useful for tuning 
receivers, transmitters, 
and exciters. Shaft ex-
tensions at each end of 
the rotor permit easy 
ganging when used with 
one of our flexible 
couplings. The UMB-25 
Condenser is a balanced 
stator model, two stators 
act on a single rotor. 
The UM can be mounted 
by the an4le foot sup-
plied or by bolts and 
spacers. See table for 
sizes. 

Dimensions: Base 1" x 
21/4 ", Mounting hole; 

x 1%", Axial 
length 21/8" overall. 

Plates: Straight line ca-
pacity, 180° rotation. 

NEUTRALIZING CONDENSERS 
NC-600U List S 

;tcp•oo,: Ensuieto-

NC-600 List S 
Without insulator 

For neutralizing low power 
beam tubes requiring from .5 
to 4 mmf., and 1500 max. total 
volts such as the 61_6. The 
NC-600U is supplied with 
a GS-10 standoff insulator 
screwed or one end, which 
may be removed for pigtail 
mounting. 

STN List S 

The Type SIN has a maximum 
capacity of 18 mmf. (3000 V), 
making it suitable for such 
tubes as the 10 and 45. It is 
supplied with two standoff 
insulators. 

NC-800 List S 
The NC-800 disk-type neu-
tralizing condenser is suitable 
for the RCA-800, 351, HK-54 
and similar tubes. It is equipped 
with a micrometer thimble and 
clamp. The chart below gives 
capacity and air gap for differ-
ent settings. 

NC-75 List S 
For 75T, 808, 811, 812 
simirar tubes. 

NC-150 List S 
For HK354, RK36, 3001, 852, 
etc. 

NC-500 List S 
For WE-251, 450TH, 450Th, 
750TL, etc. 

These larger disk type neutral-
izing condensers are for the 
higher powered tubes. Disks 
are aluminum, insulation stea-
tite. 
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NATIONAL TRANSMITTING CONDENSERS 

Minimum 
Capacity 

TYPE TMS 
is a condenser designed for transmitter use in 
low power stages. It is compact, rigid, and de-
pendable. Provision has been made for mount-
ing either on the panel, on the chassis, or on 
two stand-off insulators. Insulation is Isolantite. 
Voltage ratings listed are conservative. 

Capacity Length Air Gap 
Peak No. of 

Voltage Plates 
Catalog 
Symbol 

List 
Price 

SINGLE STATOR MODELS 

100 Mmf. 
150 
250 
300 
35 
50 

9.5 
11 
13.5 
15 
8 

11 

3" 
3" 
3 ,, 
3 ,, 
3" 
3 ,, 

.026" 

.026" 

.026" 

.026" 

.065" 

.065" 

1000v. 
1000v. 
1000v. 
1000v. 
2000v. 
2000v. 

9 
14 
22 
27 
7 

11 

TMS-100 
TMS-150 
TMS-250 
TMS-300 
TMSA-35 
TMSA-50 

50-50 Mmf. 
100-100 
50-50 

DOUBLE STATOR MODELS 

6-6 3" .026" 1000v. 5-5 
7-7 3" .026" 1000v. 9-9 

10.5-10.5 3" .065" 2000v. 11-11 

TMS-50D 
TMS-100D 
TMSA-50D 

Minimum 
Capacity Capacity 

TYPE TMH 
Features very compact construction, excellent 
power factor, and aluminum plates .040" thick 
with polished edges. It mounts on the panel 
or on removable stand-off insulators. Isolantite 
insulators have long leakage path. Stand-offs 
included in listed price. 

50 Mmf. 
75 

100 
150 
35 

Length Air Gap v Poeitaal<ge 

SINGLE ST,- TOR MODELS 

No. of 
Plates 

9 
11 
12.5 
18 
11 

Catalog 
Symbol List 

33/4 " .085" 3500v. 15 TMH-50 
33/4 " .085" 3500v. 19 TMH-75 
51/2" .085" 3500v. 25 TMH-100 
61/2" .085" 3500v. 37 TMH-150 
51/4 " .180" 6500v. 17 TMH-35A 

DOUBLE STATOR MODELS 

35-35 Mmf. 
50-50 
75-75 

6-6 
8-8 

11-11 

33/4 " .085" 3500v. 
51/2 " .085" 3500v. 
61h" .085" 3500v. 

9-9 
13-13 
19=19 

TMH-35D 
TMH-SOD 
TME-i-75D 



NATIONAL TRANSMITTING CONDENSERS 

TYPE TMK 

is a new condenser for exciters and low power 
transmitters. Special provision has been made for 
mounting AR-16 coils in a swivel plug-in mount 
on either the top or rear of the condenser, (see 
page 10). For panel or stand-off mounting. Isolan-
tite insulation. 

Capacity 
Minimum 
Capacity 

35 Mtn'. 
50 
75 

100 
150 
200 
250 

7.5 , 
8 
9 
10 
10.5 
11 
11.5 

Length Air Gap 1 Poeit Voltaggee 
No. of 
Plates 

Catalog 
Symbol 

SINGLE STATOR MODELS 

271i2" 

23/3" 

h8" 
3// 

35/g" 
41/4" 
47/8" 

.047" 1500v 7 TMK-35 

.047" 1500v. 9 TMK-50 

.047" 1500v. 13 TMK-75 

.047" 1500v. 17 TMK-100 

.047" 1500v. 25 TMK-150 

.047" 1500v. 33 TMK-200 

.047" 1500v. 41 TMK-250 

List 
Price 

DOUBLE STATOR MODELS 

35-35 MmF. 
502-50 

100- 100 

7.5-7.5 
8-8 

10-10 

3" 
35/g" 
414" 

.047" 

.047" 

.047" 

1500v. 
1500v. 
1500v. 

7-7 
9-9 
17-17 

Swivel Mounting Hardware For AR 16 Coils 

TMK-35D 
TMK-50D 
TMK-100D 

SMH 

TYPE TMC 

is designed for use in the power stages of transmitters where 
peak voltages do not exceed 3000. The frame is extremely 
rigid and arranged for mounting on panel, chassis or stand-
off insulators. The plates are aluminum with buffed. edges. 
Insulation is Isolantite. The stator in the split stator models is 
supported at both ends. 

List 
Price Capacity 

Minimum 
Capacity Length 

Peak No. of Catalog 
Air Gap Voltage Plates Symbol 

SINGLE STATOR MODELS 

50 MmF. 
100 
150 
250 
300 

10 
13 
17 
23 
25 

3" 
371 , 

45 8" 
• 6 
63/4 " 

.077" 3000v. 7 

.077" 3000v. 13 

.077" 3000v. 21 

.077" 3000v. 32 

.077" 3000v. 39 

DOUBLE STATOR MODELS 

50-50 Mrilf. 9-9 
100-100 11-11 
200-200 ' 18.5-18.5 

45/g" 1 .077" 
63/4 " .077" 
91/4 " .077" 

TMC-50 
TMC-100 
TMC-150 
TMC-250 
TM C-300 

3000v. 7-7 p TMC-50D 
3000v. 13-13 TMC-100D 
3000v. 25-25 TMC-200D 

9 



NATIONAL TRANSMITTING CONDENSERS 

TYPE TMA 
is a larger model of the popular TMC. The frame is ex-
tremely rigid and arranged for mounting on pane!, chassis 
or stand-off insulators. The plates are of heavy aluminum 
with rounded and buffed edges. Insulation is Isolantite, 
located outside of the concentrated field. 

Cap« ily 1 Minimum 1 
Capacity Length Ai, Gel' I Peak No. of 

1 Voltage I Plates Catalog Symbol 
I List 

Prime 

SINGLE STATOR MODELS 
300 Marf. 
50 

100 
150 
230 
100 
150 
50 

, 100 

19.5 
15 
19.5 
22.5 
33 
30 
40.5 
21 
37.5 

4.%" 
4%" 
67 " 
6' 
9 ,, 
914" 

12" 7½" 
12y," 

.077" 

.171" 

.171" 

.171" 

.171" 

.265" 

.965" 

.359" 

.359" 

3000v. 
6000v. 
6000v. 
6000v. 
6000v. 
9000v. 
9000v. 

12000v. 
12000v. 

23 
7 
"5 
21 
33 
23 
3.3' 
1? 
95 

TMA-300 
TMA-50A 
7MA-100A 
TM A-150A 
TM A-230A 
7MA-1008 
TMA-1500 
TM A-50C 
TMA-100C 

DOUBLE STATOR MODELS 
200-200 Mae 15-15 
50-50 12.5-12.5 

100-100 17-17 
60-60 19.5-19.5 
40-40 18-18 

o 

gr8  9g" 
121/2 " 
12W 

.077" 3000v. 

.171" 6000v. 

.171" 6000v. 

.265" ¡ 9000v 

.359" , 12000v 

16-16 
8-8 
14-14 
15-15 
11-11 

7MA-200D 
TM A-50DA 
TM A-100DA 
TMA-60D13 
TM A-40DC 

TYPE TML 
condenser is a 1 KW job throughout. lsolantite insulators, 
specially treated against moisture absorption, prevent flashovers. 
A large self-cleaning rotor contact provides high current ca-
pacity. Thick capacitor plates, with accurately rounded and 
polished edges, provide high voltage ratings. Sturdy cast 
aluminum end frames and durai tie bars permit an unusually rigid 
structure. Precision end bearings insure smooth turning and 
permanent alignment of the rotor. End frames are arranged for 
panel, chassis or stand-off mountings. 

Capacity 
I Minimum 

Capacity 
Ai C Peak I 

Length I ' "O I Voltage I i , No. of 
Symbol 1 List Plat" Catalog Prie» 

SINGLE STATOR MODELS 

75 Mad. 25 1836" .719" 20,000v. 17 TML-75E 
150 60 18%" .469" 15,000v. 27 TM L-150D 
100 45 13U" .469" 15,000v, 19 TML-100D 
50 22 8 ,., .469" 15,000v. 9 TML-50D 

245 54 18" .344" 10,000v. 35 TML-24513+ 
150 45 135 " .344" 10,000v. 21 TML-15013+ 
100 32 10, '"  .344" 10,000v. 15 TML-1008+ 
75 23.5 8%,, .344" 10,000v. 11 TML-758+ 
500 55 18%" .219" 7,500v. 49 TML-500A + 
350 45 13%" .219" 7,500v. 33 TML-350A + 
250 35 10%" .219" 7,500v. 25 TML-250A+ 

DOUBLE STATOR MODELS 

30-30 Mid. 12-12 18%" .719" 20,000v. 7-7 TML-30DE 
60-60 26-26 18%" .469" 15,000v. 11-11 TML-60DD 
100-100 27-27 18%" .344" 10,000v. 15-15 TML-100DB+ 
60-60 20-20 13%" .344" 10,000v. 9-9 TM L-60013+ 

200-200 30-30 18%" .219" 7,500v. 21-21 TML-200DA + 
100-100 17-17 10%" .219" 7.500v. 11-11 7ML-100DA+ 

lo 



NATIONAL RF CHOKES 
R-100 List S 
Without standoff insulator 
R-100U List S 
With standoff insulator 
R.F. chokes R-100 and R-100U 
are identical electrically, but 
the latter is provided with a 
removable standoff insulator 
screwed on one end. Both 
have lsolantite insulation and 
both have a continuous univer-
sal winding in four sections. 
Inductance 21/2  m.h.; distrib-
uted capacity 1 mmf.; DC re-
sistance 50 ohms; current rat-
ing 125 ma. 
R-300 List S 
Without insulator 
R-300U List S 
With insulator 
R.F. chokes R-300 and R-300U 
are similar in size to R-100U 
but have higher current ca-
pacity. The R-300U is pro-
vided with a removable stand-
off insulator screwed on one 
end. Inductance 1 m.h. ; dis-
tributed capacity 1 mf. ; DC 
resistance 10 ohms; current 
rating 300 ma. 
R.F. chokes are available in a 
variety of inductance values, 
ranging from 6 microhenries 
to 10 millihenries, in addition 
to those shown above. Vari-
ous mounting arrangements 
are also available. Full in-
formation will be furnished 
on request. 

R-152 List S 
For the 80 and 160 meter 
bands. Inductance 4 m.h., DC 
resistance 10 ohms, DC cur-
rent 600 ma. Coils honey-
comb wound on lsolantite 
core. 

R-154 List S 

R-154U List S 

For the 20, 40 and 80 meter 
bands. Inductance 1 m.h., DC 
resistance 6 ohms, DC cur-
rent 600 ma. Coils honey-
comb wound on lsolantite 
core. The R-154U does not 
have the third mounting foot 
and the small insulator, but is 
otherwise the same as R-154. 
See illustration. 

R-175 List S 

The R-175 Choke is suitable 
for parallel-feed as well as 
series-feed in transmitters 
with plate supply up to 3000 
volts modulated or 4000 volts 
unmodulated. Unlike conven-
tional chokes, the reactance 
of the R-175 is high through-
out the 10 and 20 meter 
bands as well as the 40, 80 
and 160 meter bands. In-
ductance 225 ph, distributed 
Capacity 0.6 mmf., DC resist-
ance 6 ohms, DC current 800 
ma., voltage breakdown to 
base 12,500 volt 

National has manufactured a great many sizes and styles of chokes not shown above, during 
the we. A complete line of chokes will be available in the near future but full technical 
data hed not been prepared at the time this edition of the A.R.R.L. Handbook went to press. 
Complete information will be found in later catalogs or can be obtained by writing us direct. 

NATIONAL SHAFT COUPLINGS 

ligrP? 

TX-11 

.7 TX-1 

1'111 i TX-4 

TX- 10 

e TX-9 

TX-1, Leakage path 1" 
List S 

TX-2, Leakage path 21/2 " 
List S 

Flexible couplings with glazed 
lsolantite insulation which fit 1/4 " 
shafts. 

TX-8 List S 
A non-flexible rigid coupling 
with Isolantite insulation. 1" 
diam. Fits 1/4 " shaft. 

TX-9 List S 
This small insulated flexible 
coupling provides high electrical 
efficiency when used to isolate 
circuits. Insulation is Steatite. 
11/2 " diem. Fits 1/4 " shaft. 

TX-20 List S 
A small insulated flexible cou-
pling of the Hooke's joint type 

which will accommodate angular 
misalignment up to five degrees 
as well as 64 ' transverse mis-
alignment between the shafts. 

TX-10 List S 
A very compact insulated cou-
pling free from backlash. Insula-
tion is canvas Bakelite. 1 e" 
diem. Fits 1/4 " shaft. 

TX-11 List S 
The flexible shaft of this coupling 
connects shafts at angles up to 90 
degrees, and eliminates mi-
alignment problems. Fits 
shafts. Length 41/4". 

TX-12, Length 45/8" List S 
TX-13, Length 71/8" List S 
These couplings use flexiblE 
shafting like the TX-11 above, 
but are also provided with 
Isolantite insulators at each end. 



TRANSMITTER COIL FORMS 
The Transmitter Coil Forms and Mounting are designed as a group, 
and mount conveniently on the bars of a TMA condenser. The 
larger coil form, Type XR-14A, has a winding diameter of 5", 
a winding length of 33/4 " (30 turns total) and is intended for the 
80 meter band. The smaller form, Type XR-10A, has a winding 
length of 33/4 " and a winding diameter of 21/2" (26 turns total). 
It is intended for the 20 and 40 meter bands. 

Either coil form fits the PB-15 plug. For higher frequencies, the 
plug may be used with a self-supporting coil of copper tubing. 
The XB-15 Socket may be mounted on breadboards or chassis, 
as well as on the TMA Condenser. 

SINGLE UNITS 

XR-10A, Coil Form only 
XR-14A, Coil Form only 
P8-15, Plug only 
XB-15, Socket only 

List S 
List S 
List $ 
List S 

ASSEMBLIES 

UR-10A, Assembly (including small Coil 
Form, Plug and Socket) List S 
UR-14A, Assembly (including large Cod 
Form, Plug and Socket) List S 

EXCITER COILS AND FORMS 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 below. 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 PB-16 Plug and 
XB-16 Socket. 
The XR-16 Coil Form also fits the PB-16 Plug and XB-16 Socket. 

It has a winding diameter of 11/4 " and a w nding length of 13/4 ". 

Band End Link 
Cap 
Mini 

Center 
Link 

Cap 
Mrnf 

Swinging 
Link 

Cap 
Mad 

5 meter AR16-5E 20 AR16-5C 20 
10 meter AR16-10E 20 AR16-10C 20 AR16-10S 25 
20 meter AR16-20E 26 AR16-20C 26 AR16-20S 40 
40 meter AR16-40E 33 AR16-40C 33 AR16-40S 55 
80 meter A R16- 80E 37 AR16-80C 37 AR16-80S 60 

160 meter AR16-160E 65 AR16-160C 65 

When final allocation of the amateur bands has been made 
the exciter coils will be redesigned to provide coverage. 
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XR-16, Coil Form only 
PB-16, Plug-in Base only 
XB-16, Plug-in Socket only 
AR-16, Coils — Any 'ype 
Include PB-16 
Plug as illustrated 

List S 
List S 
List S 

(see table). 

Each, List S 

Exciter 
coil 
on 
TMK 

condenser 



BUFFER COIL FORMS 
National Buffer Coil Forms are designed to mount directly on the tie bars 
of a TMC condenser using the PB-5 Plug and XB-5 Socket. Plug and Socket 
are of molaed R-39. 
The two coil forms are of Isolantite, left unglazed to provide a tooth for 

coil dope. The larger farm, Type XR-13, is 13/4" in diameter and has a 
winding length of 23/4 ". The smaller form, Type XR-13A, is 1" in diameter 
and provides a winding length of 234". Both forms have holes for mount-
ing and for leads. 

FIXED TUNED EXCITER TANK 
Similar in general construction to National I.F. 
transformers, this unit has two 25 mmf., 2000 volt 
air condensers and an unwound XR-2 coil form. 

FXT, without plug-in base 
FXTB-5, with 5 prong base 
FXTB-6, with 6 prong base 

List S 
List S 
List S 

PLUG-IN BASE AND SHIELD 
The low-loss R-39 base is ideal for mounting 
condensers and coils when it is desirable to have 
them shielded and eaçily removable. Shield can is 
2" x x 41/8". 

PB-10-5, 75 Prong Base & Shield) List S 
PB-10 a, e5 Prong Base & Shield) List $ 
PB-10A-5, (5 Prong Base only) List S 
PB-10A-6, (6 Prong Base only) List S 

SINGLE UNITS 
XR-13, Coil Form only List 5 
XR-13A, Coil Form only List S 
PB-5, Plug only List S 
XB-5, Socket only List S 

ASSEMBLIES 
UR-13A, Assembly (inckiclIng smell 

Coll Form, Plug and Soclost) 
List S 

UR-13, Assembly (including large 
Coil Form, Plug and tocket) 

List S 

SAFETY GRID AND PLATE CAPS 
National Safety Grid and Plate Caps have a ceramic 
body which offers protection against accidental 
contact with high voltdge caps on tubes. 

SPP-9 List S 
Ceramic insulation. Fits 9,16" diameter. 

SPP-3 List S 
Ceramic insulation. Fits 3/8" diameter. 

GRID AND PLATE GRIPS 
National Grid and Plate Grips provide a secure 
and positive contact with the tube cap and yet are 
released easily by a slight pressure on the ear. 

Type 12, for 9/16" Caps List S 

Type 24, for Ye Cap.: List $ 

Type 8, For 1/4" Caps List S 
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COIL SHIELDS 

RZ, coil shield List S 
VA" square x 4" high. 

RS, coil shield List S 
174" x 17/8" x 31/2 " high. 

RO, coil shield List S 
2" x 23/4 " x 41/8" high. 

B-30, coil shield List S 
3" dia. x 33/4 " high without 
mounting base. 

National coil shields are 
formed from a single piece of 
pure aluminum. They are 
mechanically strong and have 
ample thickness to mount 
small parts on the walls. 
The RZ, RS and RO coil 

shields are supplied with 
two threaded studs extend-
ing downward from the open 
end for attaching to the chas-
sis. The B-30 coil shield is 
supplied with an aluminum 
base which not only provides 
a convenient mounting, but 
also completes the coil en-
closure. 

JACK SHIELD 
JS-1, Jack shield List S 
For shielding small standard 
jacks mounted behind a 
panel, or on the ends of 
extension cords. 

NATIONAL CABINETS 

The National Cabinets listed below are the 
same as those used in Notional Receivers, except 
that they are supplied in blank form. They are 
made of heavy gauge steel, and the paint is un-
usually well bonded to the metal. Sub-bases and 
bottom covers are included in the price 

ATIONAL PARTS 

LYSTYRENE COIL FORMS 

PRC 
PRO 

PRE 
PRF 

COIL FORMS 
XR-1, Four prong, List S 
XR-2, without prongs 

List $ 
Molded of R-39, permitting 
them to be grooved and 
drilled. Coil form diameter 
1", I ength 11/2 ". 

XR-3 List S 
Molded of R-39. Diameter 
% 8", length 3/4 ". Without 
prongs. 

XR-4, Four prong, List S 
XR-5, Five prong, List S 
XR-6, Six prong, List S 
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. 
XC6C, Special six- prong 
socket for XR-6 Coil Form, 

List S 

IMPEDANCE COUPLER 
S-101 List $ 
A plate choke, coupling con-
denser and grid leak sealed 
in one case, for coupling the 
output of a regenerative 
detector to an audio stage. 
Used in SW-3U. 

OSCILLATOR COIL 
OSR List S 
A shielded oscillator coil 
which tunes to 100 KC with 
.00041 Mfd. Two separate 
inductances, closely coupled. 
Excellent for interruption-
frequency oscillator in super-
regenerative receivers. 

H. F. COIL FORMS 

Symbol 

PRC-1 
PRC-2 
PRC-3 

PRD-1 
PRO-2 
PRE-1 
PRE-2 
PRE-3 
PRF-1 
PRF-2 

Outside 
Diameter 

946" 
V16" 
516" 



CHART FRAME 
The National Chart Frame is 
blanked from one piece of 
metal, and includes a celluloid 
sheet to cover the chart. Size 
21/4" x 31/4", with sides 1/4" 
wide. 
Type CFA List S 

COIL DOPE 
CD-1, IA pint can List S 
Liquid Polystyrene Cement — 
is ideal for windings as it will 
not spoil the properties of the 
best coil form. 

TOUCH-UP PAINT 
A high quality air-drying paint 
that may be applied with d 
brush. It is especially suited to 
touching up places on radio 
equipment where the paint 
may have become marred 
through abrasion. 
CP-1, gray List $ 
CPI, black List S 

SPEAKER CABINETS 
NDC-8 for 8" speaker 

List S 
MX-10 for 10" speaker 

List S 
NDC-2 For 10" speaker 

List S 

These metal speaker cabinets 
are acoustically correct. They 
are lined with acoustic felt, 
and are of welded construction 
to eliminate rattles. Finish is 
black wrinkle on NDC-8 and 
NDC-10. NDC-2 is finished in 
two-tone gray to match the 
NC-200 TG receiver. 

National Oscilloscopes have power supply and 
input controls built in. A panel switch permits 
use of the built-in 60-cycle sweep or external 
audio sweep for securing the familiar trapezoid 
pattern for modulation measurements. 
CRM, less tubes List S 
1" screen, using RCA-913 and 6X5 rectifier. Table mod& 
41/8" x 61/8" x 8". 
CRR, less tubes List S 
2" ..creen, using RCA-902 and 6X5 rectifier. Relay rack 
counting. 

NATIONAL PARTS 
I. F. TRANSFORMERS 
IFC, Transformer, air core List S 
IFCO, Oscillator, air core 

List S 

Air dielectric condensers isolated from 
each other by an aluminum shield. Litz 
wound coils on a moisture proofed 
ceramic base. Shield can 41/2 " o 23/4 " 
x 2". Available for either 175 KC or 
450-550 KC. Specify frequency. 

IFD, Diode Transformer, air core 
List $ 

Tuned primary and untuned, closely-
coupled secondary for full-wave diode 
rectifiers. For noise silencing circuits, 
etc. 450-550 KC, air core only. 

IFE, Transformer List S 
Same as IFC but iron core, 450-550 
KC only. 

IFG, IF Transformer Lid $ 
IFH, Discriminator List $ 

High frequency IF transformers, similar 
in construction to the IFC above. They 
are intended for FM receivers and 
others requiring a high IF frequency. 
Frequency is 3 MC. When definite 
assignment of the bands has been made 
these transformers will be available in 
a frequency which gives the minimum 
images in the FM and television bands. 

1E4 with variable coupling List S 
IFK, with fixed coupling List S 

15 MC IF transformers suitable for 
ultra high frequency superheterodynes. 
They are made in two models, with 
and without variable coupling. 

National TRF units are designed as a 
single channel high fidelity TRF re-
ceiver for reception in the broadcast 
band. Each RF transformer is similar in 
construction to the IFC transformer 
above and is tuned both primary and 
secondary. The coupling is adjustable 
to include 10 KC with less than 1 db 
variation in the audio range. Sensitivity 
is adjustable from 5 microvolts to 1 
volt. Three models cover ranges of 
540-875,740-1230, and 1100-1700 
KC. 

DLT, RF Transformer, set of fo., 
required. Lid, each $ 



NATIONAL LOW-LOSS SOCKETS AND INSULATO 

XM-50 

X L A List S 

A low- loss socket for the 6F4 
and 950 series acorn tubes for 
frequencies as high as 600 
MC. Conventional by-pass 
condensers may be compactly 
mounted between the contact 
terminals and the chassis. Low 
contact resistance, short and 
direct leads and low and con-
stant inductance are features of 
the design. 

XLA-S List S 

An internal shield fitting the 
XLA socket and suitable for 
tubes such as the 956. 

XLA-C List S 

This miniature by-pass conden-
ser may be mounted inside the 
socket, directly below the 
contact. 

XCA List S 

A low- loss socket for acorn 
triodes. 

XMA List S 

For pentode acorn tubes, this 
socket has built-in by-pass con-
densers. The base is a copper 
plate. 

XM-10 List S 

A heavy duty metal shell socket 
for tubes having the UX base. 

XM-50 List S 

A heavy duty metal shell 
socket for tubes having the 
Jumbo 4- pin base (" fifty watt-
ers"). 

JX-50 List S 
Wethout Standoff Insulators 

JX-50S List S 
Wfth Standoff Insulators 

A low- loss wafer socket for 
the 813 and other tubes having 
the Giant 7- pin base. 

HX-100 List $ 
HX-100S List S 

A low- loss wafer socket suit-
able for the EIMAC-4-125-A, 
4-250-A and other tubes using 
the Giant 5-pin base. 

GS-1, " x 1 . List S 

GS-2, " x 2».," List S 

GS- 3, -,/4" x 27/8" List S 

GS- 4, 3/4 " x 4%8" List S 

GS- 4A, /4" x 674. - List S 

Cylindrical low- loss steatite 
standoff insulators with nickel 
plated caps and bases. 

GSJ, (not illustrated) List S 

A special nickel plated jack 
top threaded to fit the 3/4" 
diameter insulators GS- 3, GS-4 
& GS-4A. 

GS- 5, 11/4 " List, each S 

GS-6, 2- List, each S 

GS- 7, 3" List, each S 

GS-1 0, 3/4", package of 10 
List S 

These cone type standoff 
insulators are of low- loss 
steatite. They have a tapped 
hole at each end for mounting. 

GS- 8, with terminal List S 

GS- 9, with jack List S 

These low- loss steatite stand-
off. insulators are also useful as 
lead- through bushings. 
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GS-8 GS-9 

XC Series Sockets 
XC-4 
XC-5 
XC-6 
XC-7S 
XC-7L 
XC-8 

List S 
List S 
List S 
List S 
List $ 
List 

Nationa I wafer sockets have exceptionally 
good contacts with high current capacity to-
gether with low loss Isolantite insulation. All 
types have a locating groove to make tube 
insertion easy. 



-1.10NAL LOW-LOSS SOCKETS AND INSULATORS 

FWG List S 

A Victron terminal strip for 
high frequency use. The bind-
ing posts take banana plugs at 
the top, and grip wires through 
hole at the bottom, simultane-
ously, if desired. 

FWH List S 

The insulators of this terminal 
assembly are molded R-39 and 
have serrated bosses that allow 
the thinnest panel to be 
gripped firmly, and yet have 
ample shoulders. Binding posts 
same as FWG above. 

FWJ List S 

This assembly uses the same 
insulators as the FWH above, 
but has jacks. When used with 
the FWF plug (below), there 
is no exposed metal when the 
plug is in place. 

FWF List S 

This molded R-39 plug has two 
banana plugs on 3/4 " centers 
and fits FWH or FWJ above. 
Leads may be brought out 
through the top or side. 

FWA, Post List, each S 
Brass Nickel Plated 

FWE, Jack List, each S 
Brass Nickel Plated 

FWC, Insulator 
List, per pair S 

R-39 Insulation 

FWB, Insulator List, each S 
Polystyrene insulation 

CIR Series Sockets 
Any fype List $ 

Type CIR Sockets feature low- loss 
isolantite or steatite insulation, a con-
tact that grips the tube prong for its 
entire length, and a metal ring for six 
position mounting. 

AA-3 List S 

A low- loss steatite spreader 
for 6 inch line spacing. (600 
ohms impedance with No. 12 
wire.) 

AA-5 List S 

A low- loss steatite aircraft-
type strain insulator. 

AA-6 List S 

A general purpose strain in-
sulator of low- loss steatite. 

XS-6 List, each S 

A low- loss isolantite bushing 
for 1/2" holes. 

XP-6 

Same as above but Victron. 
List, box of ten S 

TPB List, per dozen S 

A threaded polystyrene bush-
ing with removable .093 con-
ductor moulded in, 1/4" diam., 
32 thread. 

XS- 7, (3/8" Hole) 

XS-8, (1/2" Hole) 

List S 

List S 

Steatite bushings. Prices in-
clude male and female bush-
ings with metal fittings. 

XS-1, (1" Hole) List S 

XS-2, (11/2" Hole) List 

Prices listed are per pair, in-
cluding metal fittings. Insula-
tion steatite. 

XS- 3, (23A" Hole) List S 

XS-4, (33/4 " Hole) List S 

Prices are per pair, including 
metal fittings. These low- loss 
steatite bowls are ideal for 
lead-in purposes at high volt-
ages. 

XS- 5, Without Fittings 
List, each S 

XS- 5F, With Fittings 
List, per pair S 

These big low- loss bowls have 
an extremely long leakage 
path and a 51/4" flange for 
bolting in place. Insulation 
steatite. 

P 
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NATIONAL 
NC-2-40C 

NATIONAL 
NC-2-40CS 
The NC-2-40C is a twelve-tube 
superheterodyne covering a con-
tinuous frequency range of 490 to 
30,000 KC. The NC-2-40CS is 
identical but covers from 200 to 
400 KC and from 1000 to 30,000 
KC. 
The circuit employed on all 

bands consists of one stage of 
radio frequency amplification, a 
separate first detector and stabi-
lized high frequency oscillator, 
two intermediate frequency stages, an infinite 
impedance second detector, a self-balancing phase 
inverter and audio amplifier, and an 8-watt push-
pull audio output stage. 

Auxiliary circuits include a crystal filter with 
exceptionally wide selectivity range for use on 
both CW and phone, a series valve noise limiter, 
AVC, beat oscillator, tone control, and signal 
strength meter. The power supply is built in. 
These receivers have a number of new features of recent 

design. A new high frequency oscillator design of extreme 
stability eliminates detuning effects of RF gain control and 
motorboating or fluttering which occurs in some receivers when 
tuning in strong signals. A line voltage shift from 100 to 120 
volts produces less than 1000 cycles at ten meters. 

Sensitivity is particularly high, an input signal of 1 microvolt 
providing 1 watt of audio output, and full sensitivity is main-
tained up to the highest frequencies. Signal-to-image ratio is 
better than 30 db at ten meters. The AVC is flat within 2 db for 
signals from 10 to 100,000 microvolts. Moulded polystyrene 

NATIONAL 
NC-46 
The NC-46 receiver is a ten tube superhetero-
dyne combining capable performance with low 
price. Features include a series valve noise 
limiter with automatic threshold control, CW 
oscillator, separate RF and AF gain controls, 
and amplified and delayed AVC. Power sup-
plies are self contained and operate on 105 to 
130 volts AC or DC. An audio output of 3 
watts is provided by push-pull 25L6s. 
A straight- line-frequency condenser is used in 

conjunction with a separate band spread condenser. 
This combination plus the full vision dial calibrated 
in frequency for each range covered and a separate 
linear scale for the band spread condenser, makes 
accurate tuning easy. Both condensers have inertia 
type drive. A coil switch with silver plated con-
tacts selects the four ranges from 550 KC to 30 MC. 
Provision is made for either headphone or speaker. 

Like all receivers which have no preselector 
stage, the NC-46 is not entirely free from images. 
However, where price is an important considera-
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coil forms are used in both RF and IF circuits and padding and 
tuning condensers are of the air-dielectric type. 

There are six calibrated coil ranges, controlled by a knob on 
the front panel which moves the desired coils into position 
below the tuning condenser and plugs them into the circuit. No 
coil switch is used. The tuning control has a ratio of 60 to 1 
approximately, and is designed to have enough fly-wheel effect 
to facilitate spinning the knob for quick changes in frequency. 

All models of the NC-2-40 are suitable for either AC or 
battery operation, having both a built-in AC power supply and 
a special detachable cable and plug for battery connection 
Removal of the speaker plug disconnects both plate and screen 
circuits of the audio power stage thus providing maximum batter, 
economy. The B supply filter and the standby switch are wired 
to the battery terminals, so that the filter is available for vibrator 
or dynamotor B supplies. 
The ten-inch speaker is housed in a separate cabinet specially 

designed to harmonize with the trim lines of the receiver. The 
undistorted output is 8 watts. 

NC-2-40C, Table model, receiver only List S 
NC-2-40CS, Table model, receiver only List $ 
NC2-TS, 73ble model 10" PM speaker to match receiver 

List S 

tion, the NC-46 will be found a very satisfactory 
receiver. 

NC-46 — Receiver only, complete with tubes, 
coils covering from 550 KC to 30 MC for 105-130 
volts AC or DC operation — gray finish. 

List S 

NC-46TS — Loud Speaker in table mounting cabi-
net to match above receiver. List S 

RRA — Relay Rack Adapters designed for mount-
ing these receivers in a standard relay rack. 

List S 



HRO-5TA table model, receiver only, complete with 
four sets of calls havIng bandspread on amateur bands 
di well as general coverage ( 1.7-4.0, 3.5-7.3. 

7.0-14.4, 14.0-30.0 MC). List S 

HRO-5RA rack modal, other details same as for 
HRO-STA above. List S 

COILS 

HRO Type 

HRO Type 

HRO Type 

HRO Type 

HRO Tvon 

HRO Type 

HRO Type 

HRO Type 

HRO Type 

E, Range 900-4050 kc List S 

F, Range 480-960 kc List S 

G, Range 180-430 kc List S 

H, Range 100-400 kc List S 

1, Range 50-100 kc List S 

A, Range 14.0-30.0 mc List S 

13, Range 7.0-14.4 mc List S 

C, Range 3.5-7.3 mc List S 

D, Range 1.7-4.0 mc List S 

MCS Table modal cabinet, 8" PM dynamic speaker 
and matching transformer. List S 

697 Table power unit; 115 volt, 60 cycle input, 6.3 
volt beenr and 230 volt, 75 ma. output, with tube. 

List S 

See General Catalogue for relay rock mounting, 
coil containers and accessories 

NATIONAL HRO 
The HRO Receiver is a high- gain super-
heterodyne designed for communication 
service. Two preselector stages give re-
markable image suppression, weak signal 
response and high signal-to-noise ratio. 
Air-dielectric tuning capacitors account, 
in part, for the high degree of operating 
stability. A crystal filter with both varia-
ble selectivity and phasing controls 

makes possible adjustment of selectivity over 
a wide range. Heterodynes and interfering 
c.w. signals may be "phased out" (attenuated) by 
correct setting of the phasing control. A signal 
strength meter, connected in a vacuum tube 
bridge circuit, is calibrated in S units from 1 to 9 
and in db above 59 from 0 to 40. Also included 
are automatic and manual volume control, d beat 
oscillator, a headphone jack and a B-f- stand-br 
switch. Power supply is a separate unit. The 
standard models, HRO-5TA and HRO-5RA, are 
supplied with four sets of coils covering all 
frequencies from 1.7 to 30 MC and have band-
spread on the 10, 20, 40 and 80 meter amateur 
bands. 

All models of the HRO are supplied with 6.3 
volt heater type metal tubes. Table models and 
accessories are finished in black wrinkle enamel. 

A technical bulletin covering completely all 
details will be supplied upon request. 

NATIONAL SCR-4 List S 
The SCR-4 is an extremely compact crystal 
controlled receiver for single channel re-
ception. It is mounted on a 5.1/4" panel and 
uses 13 tubes. Two stages of tuned RF 
amplification are followed by a separately 
excited converter with crystal controlled 
oscillator, three stages of IF amplification, a 
detector and two audio stages. The power 
supply is self-contained. Auxiliary circuits 
include amplified and delayed AVC, CW 
oscillator, noise limiter, CONS and signal 
strength meter. Signal-to-noise ratio aver-
ages 6 db for 1 microvolt. The AVC is 

NATIONAL) SC" 
1 SCR-4A 

flat within 6 db for inputs from 1 microvolt 
to 1 volt. Being crystal controlled, fre-
quency stability is excellent. The IF channel 
has a wide-band characteristic to allow for 
slight transmitter drift. 

As the SCR-4 receiver is intended for com-
munication work, the audio channel has 
been made flat only from 100-3000 cycles, 
with increasing attenuation of higher fre-
quencies, thus providing good intelligi-
bility with maximum reduction of unwanted 
signals and noise. 

NATIONAL SCR-4A Lid 
The SCR-4A receiver is similar to the 
SCR-4 but has no beat oscillator and no 
signal strength meter. Both receivers are 
available for use at fixed frequencies be-
tween 100 KC and 40 MC. 
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1-10 Receiver and 6 sets of coils without 
tubes speaker or power supply. List S 

5886 Power Supply fcii above receteEr ,vith 
tube. List S 

NATIONAL ONE-TEN 
The One-Ten Receiver fulfills the need for an adequate 
receiver to cover the field between one and ten meters. 

A four-tube circuit is used, composed of one tuned R.F. 
stage, a self-quenching super- regenerative detector, 
transformer coupled to a first stage of audio which is 
resistance coupled to the power output stage. Tubes 
required: 954-R.F.; 955- Detector; 6C5-1st Audio, 
6F6- 2nd Audio. 

NATIONAL SW-3 
The SW-3U Receiver employs a 
circuit consisting of one R.F. 
stage transformer coupled to a 
regenerative detector and one 
stage of impedance coupled 
audio. This circuit provides max-
imum sensitivity and flexibility 
with the smallest number of 
tubes and the least auxiliary 

equipment. The single turing dial operates a precisely adjusted 
two gang concenser; +e regeneration control is smooth and 
noiseless, with no backlash or fringe howl; the volume control is 
calibrated from one to n ne in steps corresponding to the R scale. 

ONE UNIVERSAL MODEL -- The circuit of the SW-3U is arranged for 
either oattery or AC operation without coil substitution or circuit change. 
Bottery operation utilizes two 1N5-G and one 1A5-G tubes. AC opera-
tion utilizes two 6J7-G and one 6C5-G tubes. Type 5886 AB power 
supply is recommended. 

SW-3U, universal model, without 
coils phones tubes or power sup-

ply List S 

5886-AB, Power Supply, 115 V., 
60 cycle with BO Rectifier 

Cat 
No 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

List S 

General Coveraee Coils 
List 

Per Pair Range — Meters 
9 to 15   

13.5 to 25  
23 to 41   
40 to 70  
65 to 115   
115 ,o 200  
200 to 360  
350 to 550  
500 to 850  
850 to 1200  
1200 to 1500  
1500 to 2000  
2000 to 3000. 

Band Spread Coils 
30A 10 mei., 
31A 20 r 
33A 
34A 
35A 16' 

NATIONAL POWER SUPPLIES 
National Power Supplies are specially designed for 
high frequency receivers, and include efficient filters 
for RF disturbances as well as for hum frequencies. The 
various types for operation from an AC line are listed 
under the receivers with which they are used. 

High voltage power supplies can be supplied for 
National Receivers for operation from batteries. These 
units are of the vibrator type. 

686, Table model (165 V., 50 MA.) , for operation 
From 6.3 volts DC, with vibrator. List S 



I 

McEIROY etieSERIES 

COMPLETE AUTOMATIC 

RADIO AND TELEGRAPH' 

TRANSMITTING AND RECEIVING 

ASSEMBLIES AND ASSOCIATED EQUIPMENT 

• 
While this new McElroy equipment is basically designed for speeds up to 

400 words per minute, the high speed transmitters and recorders have 

been given long tests in our plant at speeds of 700 words per minute. In 
each piece of equipment will be found features which incorporate the 

experience of Mr. McElroy as an operator together with suggestions from 

commercial operators with RCAC, Press Wireless, Mackay, and the com-

munications men of the Armed Forces and Merchant Marine. 

Inasmuch as all equipment is regular stock pro-

duction, it is possible to make prompt shipment 

on all orders in any quantity. Illustrated catalog 

and technical manuals are available in all the 

commonly used languages. 

dike 
0011° MANUFACTURING CORPORATION 

82 BROOKLINE AVENUE BOSTON, MASSACHUSETTS 



McELROY Complete Transmitting Assembly 

At the left — the Keying Head, complete with Polarized Relay, and together 
with the Universal Drive combine to form the transmitter unit ... XTR-400 at 
$435.00. At the right — the Wheatstone Code Tape Perforator, PFR-400, at the 
new low price of $95.00. Stain-proof Operator's Table, 212' x 5, at $ 165.00. 
Operator's Chair, $ 15.00. 

McELROY Complete Receiving Assembly 

In the tester - the lape Pulling Head and the lniersal Drive combine to 
form the Receiver Unit ... ATP-400 at $ 240.00 (Universal Drive $ 195.00 
plus Tape Pulling Head, $45.00). In traffic operation, the tape is drawn through 
the Ink Recorder (extreme right) by one Receiver Unit running at high speed 
to the right of the typewriter, and then across the Reversible Tape Bridge by 
another Tape Puller running at one-man speed to the left. 

MANUFACTURING CORPORATION 
h 2 lifi0OHIANE AVENUE BOSTON, MASSACHUSETTS 



eieceet euedaddi diéqh stzeech! 23 

KEYING HEAD 
MODEL HED-400 

Complete with Built-in 

Polarized Relay 

An ingenious McElroy design places the studs that pull the transmitting tape on the 
feed drum, not on the Star Wheel, used in other types of auto heads in the contact case. 
With the old style heads, the contact case functioned as a dust bin ... the tape swept 
the floor, carried the dirt up, dropped it into the Star Wheel opening, and fouled the 
contacts. The McElroy design, which has no Star Wheel in the contact case, assures 
clean contacts, and less headaches for you. The speed of this new Keying Head, when 
used with the Universal Drive, ranges from 10 to 300 words per minute. Priced for 
immediate delivery at $240.00. 

McELROY Universal Drive— Model MSD-400 
Permits Rapid Interchangeability of Keying Head and Tape Pulling Head 

Before the new Universal Drivc was 
designed, there had to be two differ-
ent motor assemblies on traffic posi-
tions; one to drive the keying head, 
and the other to pull the receiving 
slip. Now, with the Universal Drive, 
the Keying Head and the Tape-
Pulling Head are interchangeable. 
You'll save money on maintenance 
and on spares, too. Using an old-
fashioned installation with two tape 
pullers, two transmitting bases, and 
one spare for each, you had a total of 
six units. With the new Universal 
Drive, you get 100% more protection 
with six units, an equal amount with 
five. Priced for immediate delivery at 
$195.00. Universal Drive DTP-400, 
at the same price, uses AC or DC. 

Note that in the illustration, the Keying 
Head is mounted in position on the 
Universal Drive ... this is the same 
position required by the interchangeable 
Tape-Pulling Head TPH-400. 

L an Mip M ANUFACTURING CORPORATION 
12 BROOXLINE AVENUE so MASSACHUSETTS 
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McELROY 
WHEATSTONE CODE 

TAPE PERFORATOR 

PER-400 

Designed to modernize small stations — at sea, ashore and on the air — where, previ-
ously the difficulty in keeping the old keyboard perforators in adjustment did not allow 
automatic operation. Anyone can easily master this instrument, as long as he can read 

code by sight from a chart. The PER-400 requires no specially skilled staff for its 
maintenance ... adjustments can be made with a screwdriver and a pair of pliers. For 
110-120 volts AC or DC. Very low priced for immediate delivery at $95.00. 

McELROY 
TAPE-PULLING HEAD 

TPH-400 

Has an original arrangement that 
stops the tape re-wind when the 
tape pressure wheel is raised. If 
you've seen tape run wild when 

you tried to stop it for examina-
tion, you'll appreciate the value of 

this McElroy feature. Another 
novel adjustment admits the tape 
at any angle from the right, which 
makes for smoother flow, prevents 
breakage, and permits the tape to 
come from any level on the re-
ceiving table — straight from the 

recorder at high speed, through 
the bridge at one-man speed, or 

even from the floor. Priced for 
immediate delivery at $45.00. 

M ANUFACTURING CORPORATION 
82 BROOKLINE AVENUE BOSTON, MASSACHUSETTS 
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91e.w. 
INK RECORDER 

REC -400 

Although smaller and lighter than previous models, it is capable of speeds up to 
700 words per minute, and will operate at high efficiency over longer periods of 

time. The tape holder, which is part of this equipment, may be attached to either 
the right or back of the case, whichever is best suited to your receiving table 
layout. Operates from either AC or DC by snapping a toggle. Priced for immediate 

delivery at $ 195.00. 

McELROY Recorder Amplifier MRD-400 
Designed to drive the Ink Recorder at speeds up to 300 words per minute (special 

prices quoted for speeds up to 700 words per minute). No special arrangements 
are required in any recorder when changing over to this new Recorder Amplifier. 

Supplied in either a cabinet or rack mounting. It moves the signal coil by push-
pull instead of the old-style "push- flip" method by which the pen arm was slapped 
down to the zero line mechanically by springs. Immediate delivery $ 195.00. 

CORPORATION 
BOSTON, MASSACHUSETTS ( 



McELROY Phototube Keyer PTK-400 
Now Priced Within Reach of All 

The Phototube Keyer, invented by Ted McElroy more than ten years ago, and 
widely imitated, has been simplified and made more rugged. Like the Wheatstone 
Code Tape Perforator, this unit is priced so drastically low that it is now avail-
able for schools and clubs throughout the world, as well as for individual amateur 
and professional operators. The operator may build his own tape pulling ar-
rangement with a phonograph motor, or use the ATP-400 unit. The PTK-400 
scans %" recorded tape photoelectrically and delivers a tone code signal to 
from 1 to 50 headphones for operator training, and runs at either low or 
extremely high speeds. Each practice roll, complete with a 16 mm. metal 
movie reel, costs $ 2.00; at 20 w.p.m., it provides an hour's unattended 
transmission.... A special set of ten rolls, recorded by McElroy, com-
prises a complete course of instruction for $20.00. The PTK-400 

is priced for immediate delivery at $45.00. 

Special Note on the McELROY "400" SERIES 
Except where otherwise noted, all equipment is made for 110-120 

volt, 60-cycle operation. For 220-230 volt, 50 cycle operation, add 
$15.00. 

SHIPPING DATA 
Prices quoted are FOB Boston. All equipment is packed to reach desti-
nation in operating condition, whether domestic shipment or export. 
No extra charge on this packing. Equipment meets specifications as to 
fungus proof, salt spray, rustproof. 

McElroy engineers never copy, never imitate. We create, 
design, build ... we are never satisfied with mediocrity'. 

MANUFACTURING CORPORATION 
82 BROOKLINE AVENUE BOSTON, MASSACHUSETTS 
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SYNTHETICS FOR ELECTRONICS itt 
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SYNTHETICS FOR ELECTRONICS 
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PREFOCUSED LAMP RECEPTACLES 

Ta know the, • 

populo'. 

Amphenol 

products better— 

wrtte today tar 

the new 

Condensed 

Catalog No. 72. 

Iii-

STEATITE SOCKETS 

Ott e'I.t.1 
W 

AN FITTINGS ,¡ I,. 

7 e 

• Among other radio experts,"hams' 

now welcome the return of the 

Amplienol line from honorable serv-

ice on far-flung battlefronts around 

the world. Amphenol components— 

greatly improved by wartime experi-

ence and augmented in number, style 

and type -- are currently available for 

civilian applications. Simplifying 

buying, this wider selection of high-

quality, tested items can be pro-

cured from one manufacturer. 

AMERICAN PHENOLIC CORPORATION 

In Canada • Arnphenal Luntted • Toronto 

CHICAGO 50 11.1. 

U. H. F. CABLES AND CONNECTORS • CONDUIT • CABLE ASSEMBLIES 

CONNECTORS ( A-N, U. H. F., BRITISH) • RADIO PARTS • PLASTICS FOR INDUSTRY 

27 
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melemle 
Welcome back to the air waves, friends! Hams, 
it's like old times to hear your calls again 
Remember when you first began to make 
"wireless" history? That's when C-D built the 
first capacitors. You were an inspiration then 
. as you are today. 

While your CQ's have been silent, many of 
you have made radio history in war . . . have 
ceased to be "amateurs" in the old sense. You 
have acquired a professional concept of how 
radio parts must perform. That's as it should be. 

We anticipated your demands for more in 
capacitors, too . . . and we are prepared to 
continue to uphold your faith in C-D's. We 
value the confidence you have shown in them 
for thirty-six years. Cornell-Dubilier Electric 
Corporation, New Bedford, Mass. Other 
Plants: So. Plainfield, New Jersey; Worces-
ter, Brookline, Mass. and Providence, R. I. 

SIX MODERN PLANTS 

The C-D Capacitors you 
buy today are products of 
one of our six great plants, 
untrally located to speed 
deliveries to your dealer. 
He can supply you quickly 
with any C-D type you 
require. 

MANUFACTURING SKILL 

C-D quality has kept up 
despite our tremendous 
growth and quantity pro-
duction. Our skilled crafts-
men, many of whom have 
been with us five to twenty 
years, are outstanding tech-
nicians. They make C-D 
Capacitors to precision 
standards. 

CORNELL-DUBILIER 



CORNELL-DUBILIER CAPACITORS for every radio 

TYPE 
9 

Moulded mica capacitor for r.f. by-pass, grid and 

plate blocking in low power transmitters and 
amplifiers. Strong, well-insulated, moisture-resis-
tant, with short, heavy terminals. minimum r.f. 
and contact resistance. Stable in capacity and 
high ism lation resistance. 

TYPE 
6 

Medium power mica transmitter capacitor for r.f. 
applications where size and weight must be mini-
mized. Patented series stack mica construction. 

Permanent non-magnetic clamps. Vacuurn-irnpreg-
nated— results in Law loss, high insulation— no 
air voids. Low loss filter reduces stray losses. 

Suited to grid, plate, coupling, tank and by-pass 

uses. 

29 
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TYPE 
TJU 

Dskanol transmitting filter capacitor. compact, 
lightweight, safety-rated, furnished with universal 
mounting clamp, well-insulated terminals, fire-
proof, and attractively priced. Hermetically sealed 

against any climatic conditions, in sturdy steel 

container, aluminum-painted, non-corrosive, can 
be mounted as any position. Extra high dielectric 
strength. Conservative D.C. rating — triple tested. 
Wide range of voltage ratings. 

TYPE 
59 

Mica transmitting capacitor — improved design — 
extrecnelí adaptable, dependable under the most 
severe operating conditions. In low-loss, white 
glazed ceramic cases, with low-resistance, wide 
path terminals. Can be mounted individually or in 
gawps in series or parallel combinations. For 
grid, plate blocking, coupling, tank and by-pass 

applications in high power transmitters. 

SEND FOR CATALOG 1 95 alsc The C- ) Cc pa:ito -, a eontsly digest of develop-

ments in rodio, articles, ce ea 3a1J, hel Sul 'DC DUIs free for the asking 

Copyright atop Courtesy Rand 3105141y ds Co.. Chicago 



30 THE COUNTERSIGN OF DEPENDABILIT1 

EIMAC TRANSMITTING TUBES 

EIMAC 

TUBE 

TYPES 

ELECTRICAL MECHANICAL MAX. RATINGS 

it  e cr• 
1/4 z kee e:e 

I; .,, 

I Ii II -  
... .,, F. r ; ca ; ; wt.- 1 ,e . fa: 1C 147; ie / .0 / r. / 

uf 
au 
0 

° 
00150 
5- 

0 
D 
x 

3-25A3 ITST) 6.3 30 29 1.6 2.4 0.4 2500 M8-071 

(.. 

3G 4 38 1 43 2000 75 7 25 S 6.00 
3-26D3 25TG) 6.3 3 0 25 1.6 1.8 0 2 2500 M8-071 3G 4.38 1.43 2000 75 .. 8 25 9.00 
3 -50A4 357', 6.0 4 0 30 1.9 4.0 0.2 2850 me-on 3G 5.5 1.81 2000 160 .. 15 50 6.00 
3-50D4 15TG) 50 40 30 1.9 1.9 0.2 2850 M8-078 2M 5.75 1.81 2000 150 .. 15 SO 6.75 
3.50G2 .UH51:1, 7.5 3 25 13 2.4 2.2 0.4 M8-078 2M 7.0 269 1250 125 . .. 13 50 12.50 
3•75A3 (7STK; 5 0 65 20 2.3 3.5 0 25 4150 M8-078 2M 7.25 281 3000 225 ... .. 16 75 9.00 
3-75A2 .7511.1 5.0 6 5 11 23 2.2 0 4 3350 M8-078 2M 7.25 2 81 3000 225 ... .. 13 75 9.00 

3X100A1 I ,2C39)* 6.3 1 1 1.95 6.5 0.30 21.000 2.75 1.26 1000 10M . .. 3 100 30.00 
3-100A4 MOTH) 50 6 2 40 2 0 29 0.4 5500 M8-078 2M 7.75 3 19 3000 225 .. 20 100 13.50 
3 - 100A2 (10011., 5 0 6.5 12 23 20 0.4 2300 M8-078 2M 775 3 19 3000 225 ... .. 15 100 13.50 
3-150A3 (152114, 5« 10 13 « 6.5 20 4 7 7 0 05 8300 50000 4BC 7.63 2 56 3000 450 .. 30 150 20.00 
3-150A2 (15211., 5 or 10 13 or 6.5 11 5.0 4 8 0 8 7150 50000 4BC 7 63 2.56 3000 500 25 150 20.00 
3X150A3 (3C37. 6.3 2.4 3.50 4.25 060 8000 310 1 50 1000 45.1)0 
3 -250A4 (250TH) 50 10.5 37 2.9 5.0 0.7 6650 50010 2N 10.13 3.81 4000 350 .. 40 250 24.50 
3 -250A2 (25071) 5.0 105 13 3.5 3.0 0 5 2650 50018 2N 10 13 3.81 4000 350 as 260 24.50 
3-300A3 (304T14) 5 or 10 2E4(13 20 94 14.0 1.0 16,700 50000 415C 7.63 366 3000 900 80 300 60.00 
3-300A2 (30411) 5 or 10 26 or 13 11 10.0 100 1 5 16,700 50008 4BC 7.63 3,56 3000 1000 50 300 60.00 
3-450A4 (450TH) 7.5 12.0 38 4.7 8.1 08 6650 50028 4AQ 12.63 5 13 8000 500 .. 80 450 60.00 

3-450A2 (4.50TL) 7.5 12 D 19 5.0 6.6 0.9 6060 50026 40(1 12.63 5.13 6000 500 65 450 60.00 
3-750A2 (75011) 7.5 21 0 15 4 5 6 0 08 3500 50038 400 17.0 7.13 6000 1000 .. 100 750 136.00 

3-1000A4 (10001) 7 5 160 30 4 0 6.0 06 9050 50048 461) 12.63 5.13 6000 750 ... so moo 100.00 
3-1500A3 (15001) 7.5 28.0 24 7.0 9.0 1 3 10,000 50050 4131:1 17.0 7.13 6000 1250 ... 125 1500 180.00 

3 -2000A3 (2000T) 10.0 260 20 9.0 13.0 1.5 11,000 60088 480 17.75 8.13 6000 1750 150 2000 225.00 
3X2500A3* 7.5 48 20 20 48 1.2 20,000   9.0 4.25 5000 2000 125 2500 135.00 

4-I25A 50 6 2 6.2 003 103 3.0 2450 50088 5.69 2.72 3000 225 400 30 5 125 20.00 
4-250A 5 0 14 S 006 12.7 4.5 4000 50081.1 .... 8.38 3.56 4000 350 640 SO 5 250 30.00 

4X500A • 5.0 122 0.05 11.1 3.75 5200 . 4.32 2.57 4000 300 450 30 5 500 00.00 

alsenal Anode reauirIni fat 
&Mode Curnat. n 
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the Only Criterion 

On merit and on merit alone, Eimac tubes have achieved a position of leadership 
throughout the world. Their outstanding performance characteristics have set and 
maintained an extremely high standard for more than a decade. 

Standing behind Eimac tubes are a prewar performance record second to none 

and a wartime achievement record of the highest order both in production and 
development. Today Eimac stands at the threshold of the great new era of electronics 
with a family of electron vacuum tubes embodying all the original Eimac concepts 

in addition to highly advanced techniques and developments gained by the 
concentrated efforts of the past five years. 

In the final analysis, performance is the only criterion. It's what the tubes do in 

your application that really counts. Below is a brief listing of the basic data on 
many Eimac tubes. Eimac stands ready to provide additional information or assistance 

without cost or obligation. Please let us hear from you. 

1. Filament Voltage  

2. Filament Current  
3. Peak Inverse Voltage  

4. Peak Plate Current  

5. Average Plate Current  

EIMAC RECTIFIERS 

MV RECTIFIERS 

(RX-21' 

2.5 
10 amperes 

11,000 
3 ampere, 

.75 amperes. 

KY2IA 
(KY-21) 

Grid Control) 

2.5 

10 amperes 
11,000 
3 amperes 

.75 amperes 

000-R) 
5.0 

8.5 
40.000 

HIGH VACUUM RECTIFIERS 

EIMAC VACUUM CAPACITORS 

Type  
Capacity  

Rating  
RFPeak  
Price  

VCS-20 
6-mmtd 
20-KV 

$10.00 

VC12-20 
12-mmtd 

20-KV 

VC25-20 
25-mmtd 

20-KV 

$14.00 

VC50-20 
50-mmtd 

20-KV 

$16.70 

EIMAC VACUUM SWITCHES 

(152-R) 

5.0 

13.0 

30.000 

VCS-32 

6-mmfd 
32-KV 

(152-RA) 

5.0 
13.0 

30,000 

VC12-32 
12-mmtd 

32-KV 

$13.30 

2-250A 

250-R 
50 

10.5 

60.000 

.250 amperes 

VC25-32 
25-mmfd 
32-KV 

VC50-32 

50-mmfd 
32-KV 

$18.70 

TYPE GENERAL DATA PRICE 

VS-1... Single pole double throw switch within a high vacuum making it adaptable for high voltage switching. $15.00 
The contact spacing is .015'. In spite of the close spacing this switch will handle R. F. potentials as 
high as 20-KV. In D. C. switching circuits the contacts will handle approximately 1.5 amperes at 5 KV. 

VS-2.... Same as above except for slightly longer glass tubulation.  $15.00 

DIFFUSION PUMP, 

'IV-1 

DIFFUSION 
PUMP 

EIMAC 

PUMP OIL 

PRICES 
ON 

APPLICATION 

FOLLOW THE LEADERS TO 

• 

...-.'" 

0101 
IIIFL-Mc(ULLOUGH, INC., 1114 Son Mote* A • Son Drone, Calif. 

Plums Weed Di: San Ilionse, California and Salt Lake City, Utah 

taped Agents: Frazer 8, Hansen, 301 Cloy St., Son Francisco 11, Calif., U.S. A. 



TYPE 11 

TYPE 1 

TYPE 11 

•TYPE 12 

TYPE 2 

TYPE 3 

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 SOLA 

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. 

TYPE 12 

Number 

Output . 
Capacity 
in VA 

Catologn I put 
Volts 

Output 
Volts 

Dimensions in Inches Approx. 
Shipping 
Weight 

List 
Price 
Each A l 8 I C I E I F 

30488 15 95-125 6.0 5"X 29X 3's 5' s 6 $15.00 
30492 15 95-125 6.3 5"1.6 2% 3'm 5's 6 15.00 
30498 15 95-125 115.0 5"s 2% 3's 54, 6 15.00 

30785 17 95-125 6.3 513 16 3"X 2"x 3 2 5% 20.00 
30955 17 95-125 115.0 5" i8 3"X 2"-e 3 2 5% 20.00 

30100'2 15 95-125 6.3 55X 3% 2 1.,-.¡ 3 1 % 2% 18.50 
301003 15 95-125 115.0 59S 3% 2% 3 1% 2% 18.50 

*Condenser supplied as separate unit. 

TYPE 2 

Coining 
Number 

TYPE 1 

DIMENSIONS. 

A! Overall Leng 

8: Overall Width 

C: Overall Heigh 

E & F, Mounting I 

Dimensions 

Prices subject to che 

without notice. 

STABILIZED WITHIN 1% OF RATED VALUE 

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 IOVA to 
15KVA fully described in Bulletin 34CV-102, available on 
request. 

Output 
Capacity 
in VA 

Input 
Volts 

Output 
Volts 

Dimensions in Inches 

AIBICIEl 

Approx. 
Shipping 
Weight 

List 
Price 
Each 

30804 30 95-125 115.0 ti'S 414 46 714 2147 $17.00 
30805 60 95-125 115.0 £4"X 41X414 8' ik 214 13 24.00 
30806 120 95-125 115.0 9"X es 414 819 ¡,, 214 17 32.00 

30807 250 95-125 115.0 11% 619X 5% 3% 6';i 30 52.00 
30M807 250 190-250 115.0 11% 6I's 5% 3% 61<i 30 52.00 
30808 500 95-125 115.0 14% 6. 9,1, 534 5 614 40 75.00 
30M808 500 190-250 115.0 14% 619. 5% 5 63,1i 40 75.00 

Constan 
32 

TYPE 3 

SOLA ELECTRIC COMPANY, 2525 CLYBOURN AVE., CHICAGO 14, ILL. 



This new Folded Unipole Antenna foe 
commercial use weighs only 15 pounds. 
Its " Slide Trombone calibration elimi 
notes old-fashioned pruning. Comparative 
tests show it out- performs other antennas 

at several times the price. 

l‘G leG411:4 U111511 I  

ANDREW CO. 
363 EAST 75TH STREET 

CHICAGO 19, ILLINOIS 

»gee 
pot ieetettecet ette 
In vital military and emergency com-
munications all over the world, the 
name ANDREW means sound engi-
neering plus skill and ingenuity in 
meeting specific antenna design prob-
lems. 

NOW FOR AMATEURS 

This engineering skill and know-how with commer-
cial antennas is being applied to the production 
of ham antennas, including both vertically polar-
ized directive arrays and horizontally polarized 
rotatable systems. 

Andrew Co. pioneered in the development of 
UHF antennas, coaxial transmission lines and 
accessories. 

Andrew Co. specializes in the solution of an-
tenna problems — in the designing, engineering 
and building of antenna equipment. 

Type 737 7/8" diameter soft tem-

per copper coaxial cable. Hun-
dreds of miles of this Andrew 
cable are now in use with police 
and military transmitters. 



AMATEUR COMMERCIAL MILITARY 

Prepare now to fit Hammarlund 
communications receivers into your 

postwar program. This new line of receiving 

equipment will include highly specialized single band 
VHF and UHF models for commercial and amateur use, several models 
of the well known "Super-Pro", and a new "HQ-129-X" 
amateur receiver, selling at $ 129.00, net 
to the amateur. The "HQ-129-X" is 
basically the same as the 
original "HQ-120-X", but 
has several improvements _ 
and modifications. 

34 

New "HQ•129-X" 

ESTABLISHED 1910 
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Single Band VHF 

An entire new group of VHF and UHF receivers for point to 
point, relay, facsimile, and other services in those ranges. 

Single Bond UHF 

Amateur VHF 

Wide Range VHF 

THE HAMMARLUND MFG. CO., INC., 460 W. 34TH ST., NEW YORK 1, N.Y. 35 
MANUFACTURERS OF PRECISION COMMUNICATIONS EQUIPMENT 



A full line of quality transmitters up to 1-KW for For-
estry; Police; Point-to.Point; Aviation, facsimile; with 

either FM, AM or narrow band FM telegraphy. 

36 

FOR EVERY SERVIC 
- 

Many new 

features are built 

into Hammarlund's 

postwar line of 

transmitting equipment. 

AM-FM and combined 

duplex FM-AM for multiple 

transmission are just ci few 

new developments. 

,Itk  OF „ 
--



Amateurs as 

well as professionals 

will find outstanding 

values in this advanced 

line of 50-1000 Watt 

transmitters which includes 

high-stability VFO's, exciters, 

and modulation units. 
Variable Frequency Oscillators; Exciters, complete 
transmitters with Phone—CW—FM.AM. Write today for 

latest data in transmitter design. 

11L2L1:11LIMJJ 
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Multi•Frequency 
Control 

Precision Frequency 
Control Unit 

Mobile Transmitting 

A 

High Stability 
Receiving 

• , 



PRECISION 

Precision Capacity 

Standard 

The finest line of precision 

capacitors for every purpose—commercial, 

amateur, laboratory. Specify Hammarlund in your 

postwar equipment. They wear 

well and reduce servicing. 

Giant 14F Transmitting 
Capacitor 

39 
ESTABLISHED 1910 



This is an improvement Over the "HO- 120-X" and Will Meet Every 
Amateur Requirement at a Much Lower Cost 

The new "HQ-129X" meets the most critical 
demands of amateur and professional oper-
ators. This modern amateur receiver is an 
adaptation of the original "HQ- 120-X" and 
has all the basic performance characteristics 
of the original model with a number of im-
provements and modifications. It covers a con-
tinuous range of from 31 to .54 MC (9.7 to 
555 meters) in six bands, taking in all of the 
important amateur, communications and 
broadcast channels. The "HQ- 129-X" should 
not be confused with ordinary low-cost be-
ginner type amateur receivers. Every wave 
range is individual. Each has its own individ-
ual coil and tuning condenser of proper value 
for maximum efficiency. These are a few of its 
features: variable band-width crystal filter for phone and CW—antenna compensator for matching 
antennas— improved noise limiter—beat oscillator— calibrated S-meter—AVC-310 degrees of band 
spread. Amateur net price, complete less speaker —$ 129.00. Speaker in metal cabinet—$ 10.50, net. 

Through a long war record of outstanding service, the 

'Super-Pro" has become the standard of measurement 

of all types of commercial communications receivers. 
The "Super-Pro" has variable selectivity crystal filter 

and variable IF band width, providing on over-all se-

lectivity range of from less than 100 cycles to approxi-

mately 16 KC, on improved noise limiter, two stages of 

tuned RF for maximum image suppression, high-gain, 

high-quality audio amplifier with output of approxi-

mately 8 Watts, new and improved S- meter for accu-

rate measurement of relative signal strength, full band 

spread on all bands, beat oscillator, "Send-Receive" 

switch, relay connections, connections for phono-pickup, 
better than 1 Microvolt sensitivity. Amateur net price, 

complete with speaker but without speaker cabinet: 

`PRICES SUBJECT TO CHANGE 
WITHOUT NOTICE 

SP-210-X 15-560 meters 
SP-210-SX 7.5-240 meters 
SPC-10" Speaker Cabinet 

to match receiver 

Amateur net 
$279.00 
$279.00 

5.10 



THE COMMUNICATIONS LINE OF EXTRA VALUE 

Keep up to date. Get your name on our 

technical mailing list Write today! 

Be sure to send your name and address to receive technical 

bulletins and information on postwar products, induding com-

mercial and amateur transmitters, receivers, and components, 

covering all frequencies from 555 KC to over 500 MC. Write to-

day, stating your preference as to "amateur" or "commercial," 

so that we can place your name on our mailing list for new and 

interesting technical data. 

.2J 
ESTABIJSHED 1910 
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NEW type end seal for extra 
humidity protection. 

SPRAGUE ELECTRIC COMPANY, Resistor Division, North Adams, Mass. 

WOUND WITH 

CERAMIC 

INSULATED 

WIRE 

1000 C. 

HEAT- PROOF! 

NEW glazed ceramic shell to with-

stand thermal sho:k, humidity and cor-

rosive conditions. 

..in ANY climate! 
No more "special orders" to obtain suitable resistors to with-

stand the extreme thermal and humidity conditions to which 

your product may be subjected in many parts of che world! 

STANDARD Sprague Koolohm Wire-Wound Resistors now 

incorporate these extra protection features — and this means 

that you can count on STANDARD Sprague Koolohms for 

maximum dependability in ANY climate, ANYwhere on 

the face of the globe. Write for new 

catalog of Sprague Koolohm wire-

wound types for every requirement. 

SPRAGUE 
TRADEMARK REGISTERED U.S. PAT 0 F 

WIRE- WOUND RESISTORS 
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from this point on, it's craftsmanship! 

For over 15 years the Bliley organization has 
devoted its talent exclusively to the produc-
tion of quartz crystals. From this long ex-
perience have come many of the "firsts" that 
have contributed substantially to the rapid 
growth and development of world-wide 
communications. 
On the following pages are listed the 

standard Bliley acid etched* crystal units 
that have proved their worth under the most 
exacting conditions. With these units it is 
possible to cover the entire frequency spec-
trum in which frequency control with quartz 
crystals is practicable. 

The best crystal unit for your particular 
application can easily be determined by con-
sideration of the operating conditions. All 
details, such as oscillator circuit, grid drive to 
following stage, frequency tolerance, ambi-
ent temperature range, vibration and humid-
ity must be analyzed to obtain completely 
satisfactory performance. Faster service is 
assured when this information accompanies 
your inquiry. 
Make it a habit to consult Bliley engineers 

on all frequency control problems. Your 
product will benefit from this background 
of creative experience. 

*Acid etching quartz crystals to frequency is a patented Bliley process-

YST4ILS 

Be sure your name is 

on Bliley's list to re-

ceive announcements 

of new developments 

BLILEY ELECTRIC COMPANY • UNION STATION BUILDING, ERIE, PA. 
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Precision holder employs microm-
eter screw control of upper crystal 
electrode for frequency adjust-
ment after installation. For use in 
fixed equipment such as broadcast 
monitors and frequency standards. 

TYPE BC10 
350-5000kc. 

TYPE BC46T 
200-5000k c. 

Combined BC10 crystal assembly 
and constant temperature oven. 
Heater current 1 amp. at 10V. — 
a.c. or d.c. Exceptional frequency 
stability. Fully approved by FCC 
for automatic frequency control in 
U.S.A. broadcast stations. 

TYPE CF3 
455kc. 

Single signal filter crystal unit. 
Frequency 455kc., ± 5kc.— free 
from spurious responses within 

7kc. of fundamental. Designed 
for intermediate frequency filter in 
general communications receivers. 

TYPE BC46R 
70-200kc. 

Constant temperature oven com-
bined with special crystal assem-
bly. Provides exceptional fre-
quency stability. Heater current 1 
amp. at 10V.—a.c. or d.c. Recom-
mended for frequency standards 
and precision test equipment. 

TYPE CF6 
455kc. 

Single signal filter crystal unit. 
Exceptionally low holder capacity 
permits sharp signal discrimina-
tion in filter network of general 
communications receivers. Fre-
quency 455kc. free from spurious 
responses within ± 7kc. 

TYPE FM6 
70-400kc. 

Plated crystal rigidly clamped be-
tween resonant pins provides ex-
ceptional electrical and mechani-
cal stability. Captive gasket seals 
case effectively for any service. 
For all applications requiring an 
accurate source of low frequency 
in this range. 

BLILEY ELECTRIC COMPANY • UNION STATION BUILDING, ERIE, PA. 



TYPE MC85 
400-1500kc. 

Utilizes fixed air-gap assembly 
with undamped crystal. Glass 
spacers maintain relative posit ion 
of electrodes. Holder accommo-
dates quartz plate 1" x 1" for max-
imum activity with medium power 
tubes and circuits. 

TYPE MC9 
3000-11,000kc. 

Compact holder for multichannel 
portable equipment where space 
is a factor. Gasket sealed against 
moisture and humidity. Suggested 
for all vehicular and air- borne 
equipment having low power oscil-
lator tubes and circuits. 

TYPE MS433 
1000kc. 

High precision crystal assembly 
sealed in metal tube envelope. 
Frequency within ± 15 cycles at 
20°C. when used in recommended 
oscillator. Will maintain frequency 
within 60 cycles between 0°C. and 
50°C. Designed for use in fre-
quency meters. 

TYPE MC7 
1700-11,0001.c. 

4ilegieeg 
CRYSTALS 

Gasket sealed holder with pressure air-
gap crystal assembly. Ideal for multi-
channel applications. Accommodates 
quartz plate up to . 7" x .9- for adequate 
activity in medium power circuits. Used 
widely in marine radio-telephone equip-
ment. 

TYPE SMC100 
100 and i000kc. 

Dual frequency crystal provides 
either 1001tc. or 1000kc. source. In 
recommended circuit 1000kc. is 
within 4- .05% and 100kc. can be 
adjusted to zero beat. Excellent 
for alignment of radio receivers. 

TYPE MO3 
2000- 1,000kc. 

Constant temperature crystal oven 
combined with crystal assembly. 
Heater current 1 amp. at 6.3V. 
Compact unit provides tempera-
ture stability for maintainence of 
dose tolerances in point to point 
communication. 

BLILEY ELECTRIC COMPANY • UNION STATION BJILDING ERIE, PA. 



TYPE BH5 
4500-9500k c. 

Midget holder with aluminum 
plated crystal mounted between 
spring contacts on wire supports. 
Hermetically sealed metal case 
protects assembly. Recommended 
for use only with low power oscil-
lator tubes and circuits where 
space is at a premium. 

TYPE SR? 
1700-11,000kc. 

Heavy duty holder equipped with 
banana plug connections. Pressure 
air-gap crystal assembly provides 
excellent mechanical stability. 
Fully protected by gasket seals at 
all case openings. Recommended 
for marine use and similar appli-
cations. 

TYPE SR6 
1700-11,000kc. 

Pressure air-gap crystal assembly 
in gasket sealed phenolic case. 
Accommodates .75e x .750" quartz 
plate for adequate activity with 
medium power tubes and circuits. 
particularly low frequency range. 
Suggested for all mobile applica-
tions. 

TYPE AR5W 
400-11,000 k c. 

Compact unit supplied with 2 
crystals for transceiver equipment 
where both transmitter and re-
ceiver are crystal controlled. Ex-
cellent mechanical and electrical 
stability over wide range of serv-
ice conditions. Single crystal, spec-
ify type AR4W. 

BLILEY ELECTRIC COMPANY • UNION STATION BUILDING, ERIE, PA. 



Durable, light-weight Air-Wound 

Inductors— ell shapes, types, and 

sizes— for every radio amateur 

and industrial requirement. 

INDUCTOR COIL We 
BARKER & WILLIAMSON • 235 FAIRFIELD AVENUE • UPPER DARBY, Nit 



No matter what the Frequency 

BE SURE YOU'RE ON IT! 
The postwar Browning Frequency Meter, like pre-

war and wartime models, will assure you of meeting 

FCC requirements. 

Like its popular predecessors, it will be a boon to 

amateur, police, aircraft and other mobile services. 

Continued, whole-hearted devotion of all Brown-

ing resources and facilities to war service demands 

prevents any "unveiling" of the new Browning Fre-

quency Meter at this time. 

When it does come, it will reflect the expressed 

desires of many who have written us about it. It will 

be exactly what you want. 

'You'll be glad you waited for it! 

OBROWNING 
LABORATORIES, INCORPORATED 
WINCHESTER, MASSACHUSETTS 
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AM and FM communications equipment. 

AM and FM broadcast transmitters, remote amplifiers, 

and studio accessories. 

Amateur Radio Equipment. 

THE COLLINS RADIO COMPANY 

Cedar Rapids, Iowa 11 West 421d St., New York 18, N. Y 

Collins equipment is sold in Canada by Collins- Fisher, Ltd., Montreal. 
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LOOK TO COLLINS FOR QUALITY 

The Collins 21A 
5 KW AIR COOLED BROADCAST TRANSMITTER 

Broadcast Transmitters and Accessories 
featuring high fidelity, and increased safety facoors through use of oversize components 

• 

••••• 

o 

•••01.01.111 
• 

MIR 

o 

1. 21A, 5 kw, automatic reduction to 1 kw. 

2. 20T, 1 kw, automatic reduction to 500w. 

3. 300G, 250w, automatic reduction to 100w. 

4. 12Y remote amplifier, 1 channel, a.c. or d.c. 

5. 12Z remote amplifier, 4 channel, a.c./d.c. 

6. Three types of studio consoles. 

7. Program, limiting, and line amplifiers and 

monitors. 

FM COMMUNICATION AND 

BROADCAST TRANSMITTERS 

1. 250 watt and 25 watt fixed and mobile 
communication transmitters, 30-162 Mc. 
range. 

2. FM communication receivers for specific 
applications. 

3. Complete line of FM broadcast equip-
ment, including both transmitting and stu-
dio equipment. 

AMATEUR RADIO EQUIPMENT 

Iii prewar years, Collins came to be 

known as headquarters for highest qual-
ity amateur equipment. Continuing 
that tradition, our new contributions to 
ham radio will have the added experi-
ence and by supply-knowledge gained 
ing e usage. 

radio equipment for warsatile trans-
timook to Collins for a ver 

mitter that is complete in every re-
Ls pect, and for er a receiver of higher per-
formance und the exacting conditions 

of ham radio. 

• 
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LEADERSHIP IN RADIO COMMUNICATIONS 

The Collins 231D 

3-5 KW 

AUTOTUNE 

COMMUNICATION 

EQUIPMENT 

Collins Communication Equipment 

1. 231D, 10 channel, 3-5 kw, 2-18.1 Mc Autotune Transmitter. 

2. 16F, 10 channel, 300-500 watts, 2-20 Mc Autotune Transmitter. 

3. 32RA, 4 channel, band switching, 50-75 watts, 1.5-15 Mc Transmitter. 

4. 51J, Communication Receiver, 1.5-36.5 Mc. 

The Coll tins Autotune 
The Collins Autotune is an electri-
cally controlled :Tieans of mechan-
ically repositioning adjustable rotary 
elements. Any combination of such 
components can be returned to any 
one of a number of preselected posi-
tions. By means of the Collins Auto-
tune system, radio transmitters and 
receivers can be completely retuned 
in a matter of a very few seconds. 

IN RADIO COMMUNICATION iT'S 



Whether you're building new gear for 
your ham shack_or whether you're 

rebuilding the old_you'll find TOBE capacitors fit in 
wherever you need convenience and dependability 

From the smallest mica or oil-paper by-pass unit to the largest 
Xmitting filter block, TOBE gives you convenience in 

diversified styles, mountings, and terminal 
arrangements_plus the ability to stand up under 

vegscium,y4, every operating condition. 
Ask your jobber for TOBE capacitors and write 
directly to our capacitor division for 

recommendations on capacitor uses. 

• FIELD OFFICES IN NEW YORK CITY • CHICAGO • DETROIT • GLENDALE. CALIFORNIA • 
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Your Microphone is here 

As outstanding manufacturers of Microphones for 
war—Shure offers a complete Microphone line. You 
will find the proper Microphone for every need 
above. A complete description of any model will be 

furnished upon request. 

A. Super-Cardioid Broadcast G. Lapel Microphone 
Dynamic H. Military Carbon 

B., Unidyne Cardioid Dynamic I. Throat Microphone 
C. Uniplex Cardioid Crystal J. Carbon Hand 

D. Stratoliner Dynamic Microphone 

E. Laboratory Non-Directional K. Mask Microphone 

F. "Economy" Crystal L. Stethophone 
M. Vibration Pick-up 

Crvstal .Microhbone, en,;/ underpa /colic of The Bru dy nerelopment Company 

SHURE BROTHERS 
Designers and Manufacturers of Microphones and Acoustic Devices 

225 West Huron Street, Chicago 10, Illinois • Cable Address: SHUREMICRO 
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MICRO IMS SWITCH 
Division of First Industrial Corporation 

Home Office and Plant: Freeport, Illinois 
43 East Ohio Street 

Chicago 1, Illinois 

101 Pork Avenue 

New York 17, New York 

The Precise, Small, 
Lightweight, Sensitive 

Switch for 
Radio Applications 

Micro Switch precision snap- action switches 

have proven 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 %" x 
né" x I%", (shown in hand, below). 
Light Weight . . . With pin-type plunger, the 
plastic enclosed switch weighsless than oneou nce. 
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" ... or as much as 1/4 ". 

Good Electrical Capacity. .. Switch is Under-
writers' listed and rated at 1200 V. A. at 125 to 
460 volts a.c. 

KEEP ON BUYING BONDS! 

(0 19V. I . I . ,,..1 Corporation /,‘, 

BRANCH 
OFFICES: 

4900 Euclid Avenue 

Cleveland 3, Ohio 

1709 West 8th Street 

Los Angeles 14, California 

126 Newbury Street 

Boston 16, Massachusetts 

MICRO-SWITCH Actuators 
To Meet Every Requirement 

Here are a few typical Micro Switch Actuators which makes 
these switches useable under a wide variety of special mounting 
and operating conditions. 

Micro Switch Type -MC2711" 
Auxiliary Actuator for panel mount-
ing. To provide extra overtravel in 
excess of that obtainable with plas-
tic enclosed switches. 

Panel Mount 
Actuator 

( Long 
Plunger) 

Panel Mount 
Actuator 

(Short Plunger) 

Micro Switch Type "MC7711" Auxiliary 
Actuator with long plunger overtravel 
for use with mechanisms whose motion 
cannot be controlled accurately. 

Type "A" Adjustable Actuator 

Roller Lever Actuator 

Micro Swit, h "I'ype "J R" Rol-
ler I.ever Actuator for use with 
Basic Switches. This gives 
long overtravel and light 01.-
crating force characteristics 
and protection against wear 
froto side thrust and slide op-
eration. 

Micro Switch Type "A" Auxiliary 
Actuator for use where the operation 
frequency is high and where the mech-
anism operating the actuator imparts 
side thrust. Allows for adjustment of 
pretravel and operating point. 

Mow 
SEND FOR THIS CATALOG 

For full information on Micro Switch products 
switches, housings and actuators ... you are invited 
to send for Micro Switch Ha ndbook -Cara log No. 60. 

MICREOWA'e.. 
1.. IWAn' ITCH TRAfl 

A DIVISION OF FIRST INDUSTRIAL CORPORATION 

FreepOrt, Illinois, S. A. Sales Offices in Principal Cities 
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Ready 
For Peace 
After performing excep-
tional service in the Armed 
Services of the Allied Na-
tions throughout World 
War II, Premax Antennas 
have turned to peacetime 
manufacture. 

Premax Antennas 
and Mountintis effl 
Premax Tubular Metal Antennas are now available for com-
mercial and mobile installations as well as for amateurs who 

realize the necessity of having the best equipment available. 

There are standard designs in steel, monel, alinnimun and 
stainless steel... all on accepted 1.ypes that have been 
proven in wartime service under the most trying conditions. 

For mobile units, the Premax Police Antennas and Mount-
ings have a wide acceptance. 

When planning your 

post-war equipment, 
it will pay you well to 
investigate Premax 

Antennas and 
Mountings. 

MINIX PO IICIS 
Division oP Chisholm -Rqder Co, 
4622 Highland Ave. Niaga-a Falls, N. Y. 
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AMPEREX TRANSMITTING TUBES 

A Scientific Laboratory Geared 

for Large- Scale Production 

of Water and Air Cooled 

WATER-COOLED TYPES  

TYPE 
NO. 

207 
220C 
228A 

232C 
233 

342A 
343A 

52011 
846 
858 
859 

889 
891" 
892" 

FILAMENT 

Volts Amps. 

22.0 
21.5 
21.5 
20.0 
24.0 
20.0 
21.5 
22.0 
11.0 
22.0 
11.01: 
11.0 , 
11.01 , 
11.01: 

52.0 
41.0 
41.0 
72.0 
70.0 
67.0 
57.5 
34.0 
51.0 
52.0 
71.0 
195.0 
60.0 
60.0 

Mu 

20.0 
35.0 
17.0 
40.0 
52.0 
40.0 
40.0 
17.0 
40.0 
42.0 
36.0 
21.0 
8.0 

50.0 

Gm 

6500 
5000 
6500 
8000 
16500 
6820 
6750 
5000 
2800 
4500 
8000 
8000 
4200 
7000 

Capaci-
tance 

Grid to 
Plate 

*PLATE 

Max. 
Volts 

1 Max. 
Max. Dissipation 
Amps. Watts 

27.0 
22.0 
23.4 
22.0 
25.0 
27.0 
23.5 
27.0 
9.0 

18.0 
15.0 
17.5 
27.0 
32.0 

15000 
15000 
6000 

20000 
15000 
18000 
15000 
10000 
7500 
20000 
20000 
7500 
15000 
10000 

2.00 
1.00 
.75 

2.00 
4.00 
1.40 
.70 
1.20 
1.00 
2.00 
3.50 
2.00 
2.00 
1.00 

•Nominal 
Output 
Watts 

Max. Freq. MC. 

At Max. 
Plate 
Input 

10000 
10000 
3000 
20000 
25000 
25000 
10000 
5000 
1600 

20000 
20000 
5000 
5000 
6600 

C20000 
BR2500 
BR1000 
BR8500 
C35000 
BR8500 
BR3500 
C5000 
C2500 

C20000 
C35000 
C I 0000 
822000 
CP6000 

At 50% 
Max. Plate 

Input 

1.6 20 
3.0 30 
1.5 20 
1.5 20 
7.5 30 
4.0 16 
4.0 8 
2 

50 150 

L6 40 

1.5 40 
50 150 
1.6 20 
1.6 20 

:Single or two phare filar/1,1r (two unit oltoo- omit. •• Single or two-phase filament excitation. 

ORCED-AIR COOLED TYPES 

TYPE 
NO. 

220R 
232Rt 

233R1 

235R 
343Rt 
889110 

891Rt 
8921e 

H F3000 
iZB3200 

FILAMENT 

Volts 

21.5 
20.0 
24.0 
14.5 
21.5 
11.0 
11.0 
11.0 
2L5 
21.5 

1 
Amps. 

41.0 
72.0 
70.0 
39.0 
57.5 

125.0 
60.0 
60.0 
40.5 
40.5 

Mu Gm 

35.0 
40.0 
52.0 
14.0 
40.0 
21.0 
8.0 

50.0 
16.0 
85.0 

5000 
8000 
16500 
16500 
6750 
8000 
4200 
7000 
6500 
5000 

Capaci-
tance 
Grid to 
Plate 

*PLATE 

Max. 
Volts 

Max. 
Amps. 

Max. 
Dissipation 

Watts 

Nominal 
Output 
Watts 

22.0 
22.0 
26.5 
9.0 

23.5 
19.0 
28.0 
32.0 
10.0 
10.0 

12500 
12500 
12000 
4000 
7500 
6000 
10000 
8500 
10000 
10000 

1.00 
2.00 
4.00 
1.25 
1.50 
1.00 
2.00 
1.00 
1.35 
1.50 

6000 
7500 
10000 
1500 
5000 
3000 
4500 
4000 
3000 
2000 

BR2500 
CP10000 
C15000 
C2000 
CP5000 
CP4000 
B10000 
CP5000 
C7500 
B8000 

Max. Freq. MC. 

At Max. 1 At 50% 
Plate Max. Plate 
Input 1 Input 

4.0 30 

3.0 20 
7.5 30 

90 200 

4.0 30 
25 100 
1.6 20 
1.6 20 

20 50 
20 50 

1 

:Single Cr two-phase filament (two units); voltage is per unit. • Ratings given are typical of the class of ser 
o All glass radiation and air-cooled transmitting tubes, vice in which the tube is most common', 

$30.00 credit will be allowed against purchase of new tube if radiator and crate ore returned in good condition. used. See next page for alphabetica 
T $75.00 credit will be allowed against purchase of new tubes if radiator and crate are returned in good condition. designations. 



TYPE 
NO. 

AB- 150 
HF. 60 
HF- 75 
HF- 100 
HF- 120 
HF- 125 
HF- 130 
HF- 140 
HF- 150 
HF- 175 
HF-200 
HF-250 
HF-300 
ZB-120 
111H 
203A 
203H 
204A 
211 
211C 
211H 
212E 
2418 
242A 
2428 
242C 
251A 
261A 
270A 
276A 
279A 
3048 
3088 
801 
805 
810 
813 
830 
8308 
833A 
834 
838 
841 
842 
845 
849 
849A 
849H 
851 
852 

FILAMENT 

Volts Amps. 

10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.5 
10.5 
11.0 
10.0 
10.0 
10.0 
10.0 
11.0 
10.0 
10.0 
10.0 
14.0 
14.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
7.5 

14.0 
7.5 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
7.5 

10.0 
7.5 
7.5 

10.0 
11.0 
11.0 
11.0 
11.0 
10.0 

Mu Gm 

Capaci-
tance 
Grid to 
Plate 

3.25 
2.50 
3.25 
2.50 
3.25 
3.25 
3.25 
3.25 
3.25 
4.00 
4.00 
4.00 
4.00 
2.50 
2.50 
3.25 
3.25 
3.85 
3.25 
3.25 
3.25 
6.00 
6.00 
3.25 
3.25 
3.25 

16.00 
3.25 
9.75 
3.25 

21.00 
3.25 
6.00 
1.25 
3.25 
4.50 
5.00 
2.50 
2.50 

10.00 
3.25 
3.25 
1.25 
1.50 
3.25 
5.00 
7.70 
7.70 
15.50 
3.25 

5.3 
20.0 
12.5 
23.0 
12.0 
25.0 
12.5 
12.0 
12.5 
18.0 
18.0 
18.0 
23.0 
30.0 
23.0 
25.0 
25.0 
23.0 
12.0 
12.5 
12.5 
16.0 
16.0 
12.5 
12.5 
12.5 
10.5 
12.0 
16.0 
12.0 
10.0 
11.0 
8.0 
8.0 

50.0 
35.0 

8.0 
25.0 
35.0 
11.0 
50.0 
30.0 
3.0 
5.3 

19.0 
19.0 
19.0 
20.5 
12.0 

3400 
5000 
4000 
4200 
4500 
4500 
4300 
4500 
4300 
5000 
5000 
5000 
5600 
5000 
4200 
4500 
4500 
4000 
4500 
4300 
4300 
8000 
8500 
3600 
3600 
3600 
3800 
4000 
5700 
4000 
5000 
2000 
7500 
1600 
4800 
5000 

2000 
3080 
8000 
2000 
4800 
750 
1250 
3400 
6000 
7600 
7600 
15000 
1200 

9.5 
5.2 
2.0 
4.5 

10.5 
11.5 
9.0 

12.5 
7.2 
6.3 
5.8 
5.8 
6.5 
5.2 
4.6 
13.5 
11.5 
15.0 
12.5 
9.0 
7.2 

19.0 
18.8 
13.0 
13.0 
13.0 
8.0 
9.0 

21.0 
9.0 

18.0 
2.5 

17.4 
6.0 
6.0 
4.8 
0.2 
9.9 

11.0 
6.3 
2.5 
8.0 
7.0 
7.0 

11.5 
33.0 
11.5 
11.5 
47.0 
2.6 

• PLATE 

Max. Max. 
Volts Ma. 

1500 
1600 
2000 
1500 
1250 
1500 
1250 
1250 
1500 
2000 
2500 
3000 
3000 
1500 
1500 
1250 
1500 
2500 
1250 
1250 
1 500 
2000 
2000 
1250 
1250 
1250 
3000 
1250 
3000 
1250 
3000 
1250 
2250 
600 
1500 
2000 
2000 
750 
1000 
3000 
1250 
1250 
425 
425 
1250 
3000 
4000 
3500 
2500 
3000 

Max. Dissi-
pationWatts 

150 
120 
150 
175 
175 
210 
175 
210 
250 
200 
200 
275 
160 
160 
175 
175 
275 
175 
210 
210 
350 
350 
150 
150 
150 
600 
210 
375 
210 
800 
100 
325 
70 
210 
250 
180 
130 
150 
500 
100 
175 
60 

350 
500 
500 
1000 
150 

100 
60 
75 
75 
100 
100 
125 
100 
125 
125 
150 
150 

200 
75 
75 
100 
100 
250 
100 
125 
125 
275 
275 
85 
100 
100 

1000 
125 
350 
125 

1200 
50 

250 
42 
125 
125 
100 
40 
60 

300 
50 
100 
15 
12 
75 
300 
500 
500 
750 
100 

'Nominal 
Output 
Watts 

A81 50 
C100 
c150 
C150 
C150 
C200 
C170 
C150 
C200 
C300 
C350 
C375 
C600 
B300 
C175 
C150 
C200 
C500 
C150 
C175 
C200 
BR75 
C400 
A20 
A20 
A20 

C1200 
C175 
C700 
C175 
BR500 
C85 
A50 
C25 
8400 
C375 
C250 
C60 
B175 

C1000 
C75 
B275 
825 
A3 

A25 
81225 
B1900 
C1180 
C1700 
C165 

Max. Freq. MC. 

At Max. At 50% 
Plate Max. Plate 
Input  Input  

30 
75 
30 
20 
30 
20 
15 
30 
25 
20 
20 
20 
30 
25 
15 
30 
3 

15 
20 
30 
1.5 
7.5 
6 
6 
6 

30 
30 
7.5 
30 
20 
100 
1.5 
60 
30 
30 
30 
6 

15 
30 
100 
30 
6 

3 
3 

20 
3 

30 

100 
200 
150 
80 
90 
90 
60 
100 
100 
100 
100 
100 
90 
50 
80 
90 
30 
80 
90 

100 
3.0 
20 
25 
25 
25 
60 
50 
20 
50 
40 

350 
3 

120 
80 
100 
60 
50 
65 
100 
350 
120 
50 

30 
30 
40 
15 

120 

Ratings given are typical of the class of service in which the tube is most 
mrnonly used. 
e letter preceding each rating idertifies the particular class of service as 
llows 

-power output per tube as Class A power amplifier and modulator 

AB-power output per pair of tubes as Class AB power amplifier and modulator 
B -power output per tube as Class B power amplifier and modulator 
BR- power output per pair of tubes as Class B Radio Frequency power amplifier 
C -power output per tube as Class C power amplifier or oscillator 
CF-power output per tube as Class C plate modulated power amplifier 

AMPEREX RECTIFYING TUBES 

11. 119: ER PCIR 

TYPE 
NO. 

2498 
2588 
2664 
2674 
3154 
5754 
8578 
866 
866A 
8698 
872A 

FILAMENT 

Volts Amps. 

2.5 
2.5 
5.0 
5.0 
5.0 
5.0 
5.0 
2.5 
2.5 
5.0 
5.0 

7.50 
7.50 

42.00 
6.75 

10.00 
10.00 
40.00 
5.00 
5.00 

20.00 
6.75 

Peak 
Inverse 
Volts 

Approx. 
*Ave. 
Plate 
Amps. 

7500 
7500 
22000 
10000 
15000 
15000 
22000 
7500 
10000 
20000 
10000 

0.50 
0.50 
7.00 
1.25 
1.50 
1.50 

10.00 
0.25 
0.25 
2.50 
1.25 

Peak 
Plate 
Amps. 

1.5 
1.5 

20.0 
5.0 
6.0 
6.0 

40.0 
1.0 
1.0 

10.0 
5.0 

FILAMENT Peak 
Inverse 
Volts 

Ave. 
Emission 
Amps. 

Peak 
Plate 
Amps. 

5.5 
8.0 

TYPE 
NO. Volts 

2224 
2374 

21.5 
20.0 

Amps. 

41.00 
61.00 

25000 
50000 

7.0 
10.0 

pl 

I H RECTIFIERS 

TYPE 
NO. 

1 FILAMENT Peak • Appro.. Peak 
Inverse Plate Rate 

Volts Amps. Volts Amps. Amps, 

217C 10 3.25 7500 0.150 0.600 
221A 5 10 25000 0.300 1.5 
404 20 35 120000 0.400 1.5 
8020 5 6 i 40000 0.100 0.750 

ELECTRONIC PRODUCTS 
25 Washington St. • Brooklyn 1, N. Y. Actual value will depend on wave-form exulting 

orn load and filter circuit. 



P. R MALLORY B. CO unc 

MALLORY 
Approved Precision Products 

Vibrapacks* Provide 

The Vibrapack line includes mod-
els for input voltages of 6. 12. and 
32 volts DC and nominal output 
voltages from 125 to MO. Models 
available with switch for four output 
voltages in 25-volt stages. Hermet-
ically sealed vibrators. High efli-
ciency—low battery drain. 

Mallory. 
Transmitting 
Capacitors 

Built with adequate 
safety factor for 
long life. Rotund and square can styles. Available in 
20 stock sizes, working voltages front 600 to 6,000. 

Dependable Plate Power for 

Portable Equipment 

Mallory Vibrapacks provide econom-
ical, efficient and dependable plate 
power for operating radio receivers, 
transmitters, PA systems, direction 
finders and other electronic equipment 
on vehicles, farms, portable equipment, 
or wherever commercial AC power 
is unavailable. 

Frite for Form E-555 for detail information 

eleire e000* 
Vitreous Enamel Resistors 
Mallory fixed and adjustable power resistors pro-
vide maximum efficiency in operation with excellent 
temperature and humidity characteristics. Available 
in rated capacities from 10 to 200 watts, resistances 
from 1 to 100,000 ohms. 

Ham Band Switches 
Ceramic insulation provides low losses at high 
frequencies. The Mallory 
Ham Band Switch is ratea 
for use in transmitter plate ifeeee 
circuits using up to 1,000 
volts DC with power up 
to 100 watts, inclusive. 

OTHER MALLORY PRODUCTS INCLUDE: 
Ham Band Switches 
Jacks 
Jack Switches 
Knobs 
"L" Pad A ttenuators 
Noise Filters 

Attenua tors 

Battery Chargers 

Capacitors, Dry Elec-
trolytic 

Capacitors, Paper 

Plugs 
Potentiometers 
Push Button Switches 
Rectifiers, Dry Disc 
Resistors 
Rheostats 

"T" Pad Attenuators 
Variohm* Resistors 
Vibrators 
Vitreous Resistors 
Volume Controls 
*Reg. U.S. Pat, Off. 

All Ilallory standard parts available from Mallory Distributors 

Write for Catalog 

FOR IMPROVED PERFORMANCE USE MALLORY APPROVED PRECISION PRODUCTS 

P. R. MALLORY & CO., Inc., INDIANAPOLIS 6, INDIANA 
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IS BUILT INTO 

MICA 

CAPACITORS 
* The many processes that are required in pro-

clueing SANGAMO MICA CAPACITORS in-

volve numerous critical operations. Some of these 

are MICA SPLITTING, MICA GAUGING, 

MICA PUNCHING, MICA INSPECTION,and 

CAPACITOR STACKING. 

* To achieve EXCELLENCE, a well planned, 

effective quality control is maintained every step 

of the way. Skilled operators have the most mod-

ern mechanical equipment with which to work. 

This, together with competent supervision, has 

enabled SANGAMO to play an important part 

in meeting the heavy and exacting requirements 

of wartime America. 

* The complete line of SAN-

GAMO MICA CAPACITORS 

merits every confidence of the 

most exacting user of Capacitors. 

SANGAMO ELECTRIC COMPANY 
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MODEL EC- 1A 

ECHOPHONE COMMERCIAL 

A real communications receiver 
at a sensationally low price 

The 1946 Echophone, Model EC- 1A press interference from automobile 

is a 6-tube AC/DC communications 

receiver of outstanding value. With 

electrical bandspread throughout its 

frequency range of . 55 to 30 mega-

cycles, BFO for CW reception, and 

a new automatic noise limiter to sup-

ignition, etc., the EC- 1A provides 

genuine communications receiver 

performance in the lowest price 

range. Standard 115-volt AC or DC 

operation; also available for 220 to 

250-volt operation. 



FEATURES 

1. Frequency coverage, .55 to 30 mc, corn-

plete in three bands. 

2. Electrical bandspread on all bands with 

dial indicator. 

3. Dial calibrated in megacycles with all 

important service bands identified. 

4. Beat frequency oscillator for CW recep-

tion. 

5. Automatic noise limiter. 

6. Self-contained PM dynamic speaker. 

7. Headphones or speaker selected by 

panel switch, headphones completely 

isolated by means a phone circuit 

transformer. 

8. AC/DC operation 115 volts or 220 to 

250 volts available with external line 

cord. 

9. Good selectivity cornb ned with excep-

tional sensitivity. 

10. Modern 6-tube superheterodyne cir-

cuit. 

SPECIFICATIONS 

Tube Lineup: 

1-125A7 Mixer; 1-1 25K7 I.F. Ampli-

fier; 1-12SQ7 Second Detector, First Au-

dio Amplifier and AVC; 1-35L6GT Sec-

ond Audio Amplifier; 1-12507 Beat Fre-

quency Oscillator and Automatic Noise 

Limi:er; 1-35Z5GT Rectifier. 

Controls: 

TUNING, BAND SPREAD, VOLUME, BAND 

SELECTOR, CW/AM‘ NOISE LIMITER, 

PHONES, SPEAKER, STAND BY. ( BFO pitch 

adjustment conveniently located on rear 

of chassis.) 

External Connections: 

(Or rear of chassis.) Power line cord, 

phone tip jacks, antenna (doublet or single 

wire end ground). 

Physical Characteristics: 

The EC- 1A is how,ed ir a metal cabinet at-

tractively finished in machine tool gray 

wrinkle lacquer. The cadmium plated steel 

chasss is substantially coistructed. fhe PM 

dynamic speaker is mounted in the top of 

the cabinet and is protected by special 

sound projecting louvers instead of the 

ordinary grill. 

Dimensions: 

8 high, 11 3/4 " wide, 8T/8" deep; overall. Act. 

wt., 71 lbs. Ship wt., 22 lbs. Model EC- 1A 

Amateur Net Price, $ 29.50. 

EC HOPHON 
ECHOPHONE DIVISION • THE HALLICRAFTERS CO. • 2611 INDIANA AVE., CHICAGO 16, U.S.A. 
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ANODIZED 

ALUMINUM 

FLANGE 

CORNING 
GLASS TO 

METAL ROND 

DRAWN 

STEEL 
CUP 

Marion Glass-to-Metal Truly Hermetically Sealed 
2/2" and 3W' Electrical Indicating Instruments 

By building the mechanism into a one-piece, drawn steel cup, and then sealing the 
glass cover to the metal rim, perfect hermetic sealing has been achieved with o min-
imum number of seals. Marlon "hermeties" are positively interchangeable. 
and cost no more than standard unsealed instruments. Not only do we offer 
these instruments in standard ranges, but we also specialize in supplying them with 
special and unusual characteristics for new and unusual applications. 

• There are no rubber gadgets. no cement seals. 

ei Con be immersed in boiling brine solution 
for weeks without deterioration of seals. 

• Windows ore of doubie thickness tempered 
glass processed for solder sealing, and ore 
highly resistant to shock. 

• Instruments ore completely dehydrated and 
ore filled with dry air at seo level pressure. 

• A newly designed crowned crystal permits 
greater scale length, reduces shadows, and 
makes for better visibility. 

• Magnetic shielding permits interchangeability 
on any type of panel without affecting coll. 

brotion; can be supplied silver plated for 
extra R.F. shielding. 

• Silver clad beryllium copper hair springs re. 
duce zero shift at all temperatures. 

• Standard Rover gloss bead type terminals 
with solder lugs. 

• Special phosphate finish on cases meets two-
hundred-hour salt spray test. 

• Window sealing process developed and per-
fected in cooperation with engineers of the 
Corning Gloss Co. 

• Instruments manufactured in accordance with 
AWS Spec. C-39.2 1944 plus hermetic sealing. 

TYPE HM 2 DIRECTLY INTERCHANGEABLE WITH AWS TYPE MR 24 AND 25 

'ME HM 3 DIRECTLY INTERCHANGEABLE WITH AWS TYPE MR 34 AND 35 
Available in oil DC ranger. Write for booklet. 
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EE to men in the Armed Services, 
and to Technical Schools, Colleges 
oral Libraries. 

WHAT ABOUT 

1/0t/14 
LOUD SPEAKERS? 

What effect do horn formula, flare and length have on low frequency "cut-off?" in the most 
commonly used frequencies which horn is most directional — one with large or one with 
small mouth? What are the advantages of the reflex type horn? How is a 500-watt "bull 
horn" constructed? What are the advantages ef the new Hypex,• originated by JENSEN, over 
the exponential type horn? 

"HORN TYPE LOUD SPEAKERS:'- JENSEN Monograph No.5,- the latest number in the 
JENSEN Monograph series and now available, discusses simply and clearly these and many 
other questions pertinent to the study of electroacoustics. By means of photographs, dia-
grams and graphs it reviews the principles, performance characteristics and applications 
of horn 'type loud speakers and illustrates modern reproducers employing horns. 

Get your copy of this or any others of the series today from your JENSEN jobber or 
dealer or from the JENSEN Technical Service Department. Price each 25c. 

efreikrii4i,4 in gesietaturi.iffartg;rieste eine .../remer ifferfél)/1 ),/ 

enmen 
.lensen RADIO MANUFACTURING COMPANY iii 

So35 5,uth Lorarrue Avenue, Cnicag, 38, HI. t 
.. Send ,ne the Monovophs checked: I 

Mea I (j[ ( 1) " Lou.' Speaker Frequency- Response Measurements" 
n 12) " Impedance Matching and Power Distribution" 

1 -I (3) " Frequency Range in Music Reproduction" I 
1  

_ j )4) "The Effective Reproduction of Speech' Send 25c I 
II _: (5) "Horn Type Loud Speakers" for each t 
i book ordered. li 

1 1 

I 

• Txt.Ét: Mtn k Regi.,teredi U. 5. Potent No._2,328,2ó2 

a Home  

11 Address  

 Zone St, te  

ME 
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ET II PRODUCTS 

ibt CORPORATION 

e ri glO 

gdtl e  

Custorn-quogy is a characteristic 

'34 'ece‘f.retcins'P'I‘le rese 
oi years oi specialization. 
Pot-Metal Products have this qual-
ity-- plus the virtues of ruggedness 

and economy as well. 
No 

Write for Catalogue . 41-A. 

32-62-49th STREET . . . LONG ISLAND CITY, N. Y. 
Export Dept. 100 Varick St.. N. Y. C. 
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-tetWMIENT 

hallicrafte'rs, agent for RFC 
head phones • test equipment • ccmponent parts 
• marine transmitters and receivers • code prac-
tice equipment • sound detecting equipment • 
vehicular operation police and command ! ets • 
radio beacons and airborne landing equiDment 

Write or wire for lists of available equipment 
Specify types of equipment in which you are interested 

hallirrafters RADIO 
Agent for RFC under contract SIA-3-24. teddress: Ha licrafters, 

RFC Dept. 010, 5025 West 65th Street, CI' icago 38, L lmois 

MANUFACTURERS OF RADIO AND ELECTRONIC EQJIPMENT 



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 

initradograph 
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. 
4705 SHERIDAN ROAD CHICAGO, ILLINOIS 
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*Vbe say almost every application because no one can an-
ticipate every conceivable need of the postwar capacitor 
consumer. Cardwell is, however, prepared as never before 
to put war tempered facilities and engineers to work on 
what may be paramount, yet unfilled, needs in the amateur 
and electronic fields. 

THE VALUABLE NEW 

CARD WELL CATALOG 
No. 46 

containing 24 pages of descriptions, charts and 

photos of Cardwell Variable and Fixed Air 

Dielectric Condensers and Cardwell Flexible 

and Rigid Couplings and Electronic Accessories 

for almost* every application . . . 

That is why we urge you to send for the new Cardwell 
Catalog No. 46, and tell us what you would like to see 
added. With your help, we shall try to turn out a complete 
line of instruments, embodying the fine design and crafts-
manship that has always been associated with the Cardwell 
name. Your copy sent free upon reauest. 

THE ALLEN D. CARDWELL ide' MANUFACTURING CORP. 
Main Office: 81 PROSPECT ST., BROOKLYN 1, N.Y. Factories; B 



RELIABLE PERFORMANCE 
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With peace there comes again those 
products of industry such as radio, 

television, airplanes, refrigerators, 
washing machines, etc., which never 

really were luxuries so rhuch as ne-

cessities. We are now prepared again 

QUARTZ CRYSTALS for All Frequency 
Control Applications 

QUARTZ CRYSTAL MOUNTINGS 

TEMPERATURE CONTROL OVENS 

Q UARTZ PRISMS, LENSES and 

Special Optical Pieces 

to help build precosion parts and ac-

cessories for such products required by 
the electronics industry, as well as help 

design and produce many complex, 

new ones that have emerged from 

war. Plan NOW with—VALPEY. 

WRITE FOR CRYSTONICS INFORMAT1004 

VALPEY CRYSTAL CORP. 
-Craftsmanship in Crystals since 19.:A' 

H OLLISTON, M ASS,. 
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Ever wonder just how tubes are 

put together2 Hytron has a 17 

by 21 inch sheet for you which 

shows the step-by-step astern-

bly of o typical Hytron tube. 

Whether you are interested in the low or high 
frequencies — c.w. or 'phone — high or me-
dium mu triodes — the popular beam tetrodes 
—  pentodes— rectifiers — acorns— miniatures 
--- or gaseous voltage regulators — there are 
Hytron tubes just right for your new rig. 

TRIODES You find a wide range of plate dissi-
pations, filament and plate potentials, and am-
plification factors. Standard replacements, such 
as the 801A 801, are included, as well as care-
fully engineered triodes with graphite anodes, 
dual grid stem leads $ filament heat radiators, 
low-loss lava insulation, and low-loss bases. 
The twin triodes, 3A5, HY31Z, and HY1231Z, 
offer special application economies. 

V- H- F TRIODES The HY75, HY114B, and 
HY615 with their familiar grid and plate top 
caps are automatically associated with Hytron. 
Suitable for transmitting or receiving, they are 
extremely popular for efficient v-h-f portable 
and mobile equipment. The 955 acorn and 
9002 miniature are also widely known. 

PENTODE The 837 is a popular transmitting 
pentode with 12.6-volt filament and 12-watt 
plate dissipation. It is particularly suited for 
suppressor grid modulation. 

R.F. BEAM TETRODES Instant-heating or cath• 
ode types for 6 or 12 volt AC or DC filament 
supplies are offered in a generous variety of 
plate voltages and plate dissipations. Ideal for 
mobile use where battery power must be con-
served during standby, are the instant-heating 
2E25, HY69, and HY1269. Low driving power 
requirements, freedom from neutralization and 
ease of band switching on frequencies up to 60 
megacycles ( 100 mc. for the 2E25) — are 
attractive features of all these beam tetrodes. 

ACORN AND MINIATURE PENTODES The 954, 
9001, and 6AK5 assure top receiver perform-
ance on those higher frequencies. 

RECJIFIERS Mercury vapor types are supple-
mented by the 1616 for applications where fila-
ment and plate potentials must be applied 
simultaneously. The v-h-f 6AL5 has many in-
teresting possibilities: rectifier, detector and 
avc, clipper, limiter, and fm frequency discrimi-
nator. 

VOLTAGE REGULATORS Literally millions of 
the Hytron 0C3/V12105 and OD3/VR150 
have been sold. They are economical, simple 
to use, and sure-fire in maintaining steady po-
tentials. The 0C3 and OD3 may be used in 
series for regulating a 250-volt supply. New 
Hytron miniatures, 0A2 and OB2, are compact 
and closely approximate in performance the 
standard regulators. 

And that's not all! Hytron's wartime experience 
is bringing you many new tubes— particularly 
in the u-h-f field—tubes engineered for your 
exacting needs. Watch for them. 

For better reception, it's also I 
radio coco,veng tubo-s 

HYTRelUDIO AND ELECT 



TRON TRANSMITTING AND SPECIAL PURPOSE TUBES 

cription 

1.4 0.22 
3A5 28 0.11 Oxide 150 30* 2* 

OW 6.15GTX 6.3 0.3 Cath. 330 20 3.5 
10Y 7.5 1.25 Thor. 450 65 15 

NO HY24 2 0.13 Oside 180 20 2 
HY40 7.5 2.25 Thor. 1000 125 40 

DIUM HY5 IA 7.5 3.55 Thor. 1000 175 65 
HY518 10 2.25 Thor. 1000 175 65 

MU 801A, 801 7.5 1.25 Thor. 600 70 20 
841 7.5 1.25 Thor. 450 60 15 

ODES 864 1.1 0.25 Oxide 135 5 - 
1626 12.6 0.25 Cath. 250 25 5 

Man. Mou. Max. 
Type filament Ratings Plate Plate Plate 
No. Volts Amps. Type Volts Ma. Dis. 

ft- MU 

IODES 

-H-

IODES 

EAM 

RODES 

ND 

NTODES 

CORNS 

AINIA - 

TUR ES 

CTIFIERS 

ASEOUS 

OIT AGE 

EGULA-

TORS 

HY3OZ 6.3 2.25 Thor. 850 90 30 
HY31Z 6 2.55 Thor. 500 150 * 30* 
HY4OZ 7.5 2.6 Thor. 1000 125 40 
HY51Z 7.5 3.55 Thor. 1000 175 65 

2 MY 1231Z 6 3. Thor. 500 150* 30 * 
12 1.6 

2C26A 6.3 1.15 Cath. 3500 NOTE 10 
HY75 6.3 2.6 Thor. 450 80 15 
HY 1148 1.4 0.155 Oside 180 12 1.8 
HY615 6.3 0.175 Cath. 300 20 3.5 
955 6.3 0.15 Cath. 200 8 1.8 
E 1148 6.3 0.175 Cath. 300 20 3.5 
9002 6.3 0.15 Cath. 200 8 1.8 

2E25 6 0.8 Thor. 450 75 15 
6AR6 6.3 1.2 Cath. 630 60 10 
6L6GX 6.3 0.9 Cath. 500 115 2 I 
6V6GTX 6.3 0.45 Cath. 350 60 13 
HY60 6.3 0.5 Cath. 425 60 15 
HY61 807 6.3 0.9 Ca'h. 600 120 25 
HY65. 6 0.8 Thor. 450 75 15 

6 4.5 
HY67 12 Thor. 1250 175 65 

2.25 
HY69 6 1.6 Thor. 600 100 30 

6 2 
HY1269 1 Thor. 750 120 30 2 3.1.6 

1625 12.6 0.45 Cath. 600 120 25 
837 12.6 0.7 Cath. 500 80 12 

6AK5 6.3 0.175 Cath. Sharp cut-off pentode 
954 6.3 0.15 Cath. Sharp cut-off pentode 
9001 6.3 0.15 Cath. Sharp cut-off pentode 

Peak Max. Inv. 
Type Filament Ratings Type Plate D.C. Peak 
No. Volts Amps. Rect. Ma. Ma. -1 Pot. 

HY866 Jr. 2.5 2.5 Mer. 500 250 5000 
866A 866 2.5 5.0 Mer. 1000 500 10000 
1616 2.5 5.0 Vac. 800 260 6000 
6AL5 6.3 0.3 Vac. 60 20 460 

Average Operating Av. Min. 
Type Operating Ma. Volts Starting 
No. Voltage Min. Max. Reg. Voltage 

0A2 150 
082 108 
0C3, VR105 108 
OD3, VR150 150 

5 30 2 185 
5 30 1 133 
5 40 2 133 
5 40 3.5 185 

*Roth sections of twin triode. Piscontinued, 2E25 supersedes and 
replaces. tCurrent for full wave. 
NOTE Not recommended for C.W. Consult Hytron Commercial 
Engineering Dept. for dota. 

oldest manufacturar specializing in 

of the popular BANTAM GT. 

WRITE TODAY for your copy of the Hytron 
transmitting and special purpose Eube 
catalogue. You should have it for plan. 
fling your new gear. 

ka4 

»MS CORP., SALEM, MASS. 



BURGESS BATTERIES 
-aim, Awed« 

RECOGNIZED BY THEIR STRIPES • REMEMBERED FOR THEIR SERVICE 

No. 4FA No. 3308 No. F4BP 

No. 4FA LITTLE SIX-114 volts—replaces 

one round No. 6 cell. Radio "A" type; is 

recommended for the filament lighting of 

vacuum tubes. Size, 4W x x 2?ç6". 
Weight, 1 lb. 5 oz. 

No. 5308-45 volt "B" battery equipped 

with insulated junior knobs. Taps at —, 

+22V2, +45 volts. Size, 5W x 43,16" x 
Weight, each-2 lbs. 15 oz. 

No. F4I3P— A 6 volt, heavy-duty portable 
battery, designed for Burgess X109 head-

light. Contains four F cells connected in 

series. Screw terminals and brass knurled 
nuts. Size, 22V x 22j" x 47,". Weight, 1 

lb. 6 oz. 

No. 2308—A45 volt super-service, standard 

size radio "B". Designed for receivers with 

plate current drain of 10 to 15 milliamperes. 

Size, 7W x x 2W. Weight, 7 lbs. 6 oz. 

No. Z3ON — 45 volt "B" battery. Improved 

small size. Adapted to radio, portable re-

ceivers and transmitters. Screw terminals. 

Size, 3" x 1W x 43 ". Weight, 1 lb. 4 oz. 

No. 2F2H — A 3 volt radio "A" battery used 

with portable radios, amplifiers, and special in-

struments. Size, 2W x 2 x 4W. Weight, 

1 lb. 6 oz. 

No. W3OBPX — 45 volts. Extremely small and 

light in weight. Very suitable for personal 
transceivers used by amateur clubs and radio 

stations. Equipped with insulated junior knobs. 

Size, 17e x 221 " x 4146". Weight, 10 oz. 

No. 230N No.V430821PX 

limn 

VOTED FIRST CHOICE 
IN NATIONAL POLL OF ELECTRONIC ENGINEERS 

2 out 0.1 3./ That's the way electronic engi-

neers voted for Burgess Batteries in a recent survey. 

Use the brand the experts choose... BUY BURGESS! 

Fresh Stocks at Your Local Burgess Distributor 

BURGESS BATTERY COMPANY 
FREEPORT•ILLINOIS 
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fORLD'S LARGEST and OLDEST MANUFACTURERS OF •getre/lififf 

COLLAPSIBLE . . SECTIONAL . . . DICECTION FINDING . . . RADAR 

AND CO- AXIAL TYPE. ALL SIZES, LENGTHS and MATERIALS 

YEARS DEPENDABILITY 

ESTABLISHED 

1906 

AND RADIO- ELECTRICAL PRODUCTS 

ANTENNAS 
aid MOUNTINGS 

FO R 

AUTOMOBILE, F.M., 

TELEVISION, POLICE, 

and MARINE 

OTHER BRACH PRODUCTS INCLUDE LIGHTNING PROTECTIVE DEVICES • JUNCTION 

BOXES • POT HEADS • GAS RELAYS • ARRESTER HOUSINGS - PROTECTIVE 

PANELS • TERMINALS & HOUSINGS • HIGH TENSION DETECTORS -• SOLDER-

ALL & FLUX • SOLDERLESS BEE TERMINAL BLOCKS "LOCK A WIRE TO A WIRE" 

TEST-O-LITE, quickly locate trouble in Circuits 100-550 A.C. or D.C. 

RACH MFG: CO 75 
NEW PLANT & OFF( WAR K, N. J. 



MODEL 78-6 STANDARD SIGNAL GENERATOR 

Two Frequency bands betweer 15 and 250 megacycles 

MODEL 71 SQUARE WAVE GENERATOR 

5 to 100,000 cycles 
Rise Rate 400 volts per microsecond 

MODEL 65-B 
STANDARD SIGNAL GENERATOR 

75 to 30,000 kilocycles 
M.O.P.A.,100R Modulation 

MODEL 84 
U.H.F. STANDARD SIGNAL GENERATOR 

300 to 1000 megacycles, AM and Pulse Modulation 

MODEL 79-B PULSE GENERATOR 

50 to 100,000 cycles 
0.5 to 40 microsecond pulse width 

MODEL 62 
VACUUM TUBE VOLTMETE 

0 to 100 volts AC, DC and R 

MODEL 58 U.H.F. RADIO NOISE 
AND IIELD STRENGTH METER 

15 to 150 megacycles 

MODEL RO 
STANDARD SIGNAL GENERATOR 

2 to 400 megacycles 
AM ond Pulse Modulation 

Standards ore only as reliable as the reputation of their maker. 

MEASUREMENTS CORPORATION 
BOONTON • NEW JERSEY 



e. 
communicnnon RECEIUER 

eem e IB 1[11 Inn (0) S IHI tpi 

Ask about these 

Famous Receivers 

NATIONAL 

HALL'CRAFTERS 

HAMMARLUND 

RME 

EC HC PHONE 

Now is the time to choose that new 

"Super-duper" receiver for your post-
war ham shack . . . and here's the 
place /o get ,t, for Ilse Radio Shack 

has available modern communications 

receivers, made by leading manufac-

turers and embodying the latest de-

sign feature. for efficiency and 
smooth handliig. 

And y au can use your recriver while 

you are paying for it ... the Radio 

Shack time-payment plan requires 

only a smal down payment. Get 

back in the game with new gear 

. . . write today for price and time-

payment schedule of your post-war 

receiver. 
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ALTEC LANSING 
Manufacturers of the Speaker 

which Revolutionizes the 

Methods of Sound Reproduction 

• The new Altec Lansing multi- cellular Duplex 

speaker provides bro3dcasters, manufacturers 

and audiences with high quality sound in a fre-

quency range of from 40 to 15,000 cycles plus. 

Altec Lansing's complete line of audio fre-

quency components provide the primary stand-

ards of comparison for laboratory and design 

engineerinc ... in addition to high quality sound 

for commerc'al reproduction. 

ALTEC LANSING COMPONENTS 

The Duplex Speaker • Two Way Theatre 

Sound Systems • Public Address Systems 

High Frequency Horns • Low Frequency 

Horns • General Purpose Speakers • Power 

Supply Units • Amplifiers • Transformers 

Power Chokes • Dividing Networks 

Inter Modulation Equipment 

A Complete Sound Engineering Service 

SEND FOR BULLETINS 

1210 TAFT BLDG, HOLLYWOOD 28, CALIF. 

250 WEST 57 STREET, NEW YORK 19, N. Y 

IN CANADA. NORTHERN ELECTRIC CO 
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WORLD FAMOUS RADIO TELEGRAPH KEYS 

The Choice of 

Good Operators 

Everywhere 

"ORIGINAL" 

DeLuxe Model 

WITH PATENTED JEWEL 

MOVEMENT 

The aristocrat of all Vibroplex 
keys. It's the l'ATENTED 
JEWEL MOVEMENT fea-
ture exclusive with DeLuxe 
Vibroplex keys, that has so 
completely eliminated tire-
some sending effort that it has 
made sending easier than you 
ever dreamed sending could 
be. The jewels used in DeLuxe 
Vibroplex keys are the same as 
placed in the finest made watches and Pre-
cision instruments providing watch-like pre-
cision, feather-touch action, lifetime service and 
ease of operation unapproachable by any other key. Chro-
mium finished base. Bright machined parts. Colorful 
red switch knob, finger and thumb piece. DIE CUT 
contacts and main spring. 3/16th contacts. Circuit 
closcr, cord and wedge. 419.50. Standard finish. $ 15.95 

GENUINE EASY- WORKING 

VIBROPLEX 

HANDY **BLUE RACER" MODEL 

Patterned after 
the "Original" 
Vibroplex and 
capable of the 
same high class 
sending perform-
ance that has 
made that key 
world famous. 
Smaller, handier, 
a space saver. 
Easy to operate. Standard black crackle have. Bright 
machined parts. DIE CUT contacts and main spring. 
3/16th contacts. Circuit closer, cord and wedge, $ 15.95. 
DeLuxe finish with PATENTED JEWEL MOVE-
MENT, $19.50 

"LIGHTNING BUG" MODEL 

One of the latest 
and most popu-
lar Vibroplex 
keys. Easy-
working ... 
smooth action 
„ uniformly 

accurate and 
dependable. Re-
sponds to the 
touch of the 
average operator 
as well as the 
expert. Many 
advanced and exclusive features. Standard black crackle base. Bright 
machined parts. DIE CUT contacts and main spring. 3/16th con-
tacts. Circuit closer, cord and wedge. $ 13.95. DeLuxe finish with 
PATENTED JEWEL MOVEMENT, $17.50 

Reg. Trade Marks: Viterroplex, Lightning Bug, Bug 
The "BUG" 
Trade Mark 
identif i•s 
the Genuine 
V i 

e:g:ritturt: 

Vibroplex Semi-automatic Radio Telegraph keys are famous 
the world over for clear, fast, easy sending. Under the most 
exacting operating conditions on land, sea and air Vibroplex 
keys have measured up to the highest standards of sending 
proficiency and operating dependability and are the choice of 
tens of thousands of the world's finest operators. Every 
Vibroplex key is scientifically designed . .. precision machined 
. . . improved in every possible detail. You'll be proud to own 
and delighted to use a Vibroplex key. 

THE "CHAMPION" 

A smart, efficient, full-
size semi-automatic key 
for radio use only. Easy 
to learn and operate. 
Ideal for beginners. 
Black crackle base. 
Chrome-plated parts. 
3/16th contacts, $9.95 

CARRYING CASE 
Keeps out dust, dirt and 

moisture. Prolongs life 

of key. Heavily rein-

forced. Flexible leather 

handle, $3.50 

evej 1945 

estAgGEO 

£00,0 ,4 of 

piet.LIPS 

CODE  

It's definitely new, completely 
standard, strictly up-to-date. In 
addition to changes and additions 
to previous editions, it contains 
Radio Code Signals, International 
Morse. American Morse. Russian, 
Greek, Arabic, Turkish and Japa-
nese Morse Codes. World Time 
Chart. United States Time Chart. 
Commercial "Z" Code. Aeronauti-
cal"Q" Code. Miscellaneous ab-
breviations used on International 
wire, submarine cable and radio-
telegraph circuits. Postpaid $1.54 

Remit by money order or regis-
tered mail. Write for FREE 

illustrated catalog of Standard 

and DeLuxe Vibroplex keYs. 

THE VIBROPLEX CO., Inc. 
833 Broadway, New York 3, N. Y. 

J. E. Albright, Pr•tident 
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Tg11111 IILIDSETS 

FIRST In PEACE... 

FIRST In QUALITY ADD SERVICE 
ALL OVER THE WORLD! 

1 7 7 0 BERTEAU AVE. 

CHICAGO, ILL., U.S.A. 

YOUR JOBBER HAS BEEN SUPPLYING 
TRIMM QUALITY HEADSETS FOR 23 YEARS 

HE CAN SUPPLY YOU TODAY 
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Foteet e fee fe)-
shi&BLE AND MOBILE obri, 

ikeranos 
Maximum Efficiency! 

Low Battery Drain! Low Noise Level! 
Long Life! 

If you're planning a portable or mobile set-up—or any other layout for which standard 110 v 
AC is unavailable Power Supplies will provide the necessary voltages most efficiently 
and economically. In addition, they are excellent for mobile public address systems. 

A complete line of eL" Converters (DC-DC) and Inverters (DC-AC) is available for radio 
amateurs. ez Converters and Inverters are of the vibrator type, offering the highest effi-
ciencies, longest service life, and very low battery drain. They are especially filtered to 
meet amateurs' circuit requirements, resulting in an exceptionally low noise level. 

ez Converters and Inverters have been proven completely dependable during the war 
where they came through the toughest battle conditions with flying colors. 

Contact .'our local distributor for these efficient, reliable units. 

eiConverters. Converters are offered in a full line of models to provide high DC 
voltages from 6, 12 and 24 volts DC, in output wattages ranging from 19 to 200 watts. They 
are compact in design and ruggedly built to withstand the toughest service. Typical of the 
ez Converter line are the three models illustrated here. 

Model 601 Model 605 
Input Voltage: 6 Volts DC Input Voltage: 6 Volts DC 
Output Voltages: Output Voltages: 

225 Volts DC at 50 ma. 150 Volts DC at 35 ma. 
250 Volts DC at 65 ma. 200 Volts DC at 40 ma. 
275 Volts DC at 80 ma. 250 Volts DC at 50 ma. 
300 Volts DC at 100 ma. 275 Volts DC at 65 ma. 

Size: 41/4 " x 4" x 6" Size: 
Weight: 6 lbs. Weight: 51/4  lbs. 

Model 619 

Size: 93,.," X 5 x 6") 
NX'eight: 14 1/2  lbs. 

Input Voltages: 6 Volts DC 
and 115 Volts AC 
Output Voltages: 300 Volts 
DC at 100 ma.; 6.3 Volts 
AC at 4.75 amps. 

e.Élnverters. A complete line of E-L Inverters is also available to permit operation of 115 
N'AC equipment from 6, 12, 32, 110 and 220 volts DC. Output wattages range from 5 to 1000 
watts. The Inverters also are engineered and manufactured for long, dependable service under 
all conditions. The two models shown here are typical of these efficient el. units. 

Model 303 
Input: 6 Volts DC illeiOutput: 115 Volts AC Size: 71/s" x 41/4 " x 
Weight: 6 lbs. 

Model 307 
Input: 6 Volts DC 
Output: 115 Volts AC 
Size: 101/4 "x71/2 "x81/4 " 
Weight: 231/2 lbs. 

Contact your local distributor 
COPYRIGHT 19AS ELECTRONIC LABORATORIES, INC. 

INDIANAPOLIS, INDIANA 
RATORS AND VIBRATOR POWER EQUIPMENT FOR LIGHTING, COMMUNICATIONS, ELECTRIC AND ELECTRONIC APPLICATIONS 



RADIO and CODE OPERATORS 
GET CODE SENDING and RECEIVING Speed 

the WAY CHAMPIONS DO 
• IBM • • MIN • III • ZMN • BUM • fflZ 

You can now improve your present speed and proficiency in code 

sending and receiving with the famous Candler System, which trains 

you to meet all speed requirements of amateur and commercial licensed 

operators. You can learn code right from the beginning as you will be 

using it as an operator with the Candler System Training, and you will 

master it in half the usual time required. 

World Champion T. R. McELROY 

Official Champion Rodio Operator. Speed 

75.2 w.p.m., won at Asheville Code Tourna-

ment July 2, 1939, says: "My skill and 

speed ore the result of the exclusive, scien-

tific training Walter Candler gave me. 

Practice is necessary, but without proper 

training to develop Concentration, Co-

ordilotion and a keen Perceptive Sense, 

practice is of little value. One likely will 

practice the wrong way." 

limm> 

SEND TODAY FOR THIS 

FREE Book of Facts 

It gives you the story of 

CANDLER CODE CHAM-

PIONS, and many inside tips that will 

help you. It is FREE. A postcard will 

bring it to you. No obligation. 

WALTER H. CANDLER 
Originator of the famous Candler 
System and founder of the Candler 
Code Speed Training. 

SPEED VP WITHOUT 

TENSION Olt NEHFOI -SNESS 

You can take Candler Training wherever you may be. It 
qualifies you for higher rating and a better paying job. If you 
are seeking a license you will be able to qualify quickly. You 
will learn how to free yourself of all fear, tension or jitter-
iness and thereby apply your talents to speed and accuracy. 
Candler System Training has provided a background for 
some of the highest paid operators in the field. It is so sur-
prisingly easy and inexpensive. It takes more than memoriz-
ing the code and merely sending and receiving to become a 
skilled radio operator. Ask any good operator. will tell 
you CANDLER teaches you quickly, thoroughly, the technique 
of fast, accurate telegraphing, and trains you to meet all 
requirements. Why not let the internationally famous Candler 
System give you the speed, accuracy and technique to elim-
inate all worry and code problems. 

* COURSES FOR BEGINNERS and OPERATORS 

THE SCIENTIFIC CODE COURSE is a complete radio-code course for beginners. It 
teaches all the necessary fundamentals scientifically. 

THE HIGH SPEED TELEGRAPHING COURSE is for operators who want to in. 
crease their w.p.m. and improve their proficiency. 

THE TELEGRAPH TOUCH TYPEWRITING COURSE is specially prepared for 
those who want to become expert in the use of the typewriter for copying code. 

NO EXPENSIVE PRACTICE EQUIPMENT NEEDED 

Learning (:ode or Improving Speed and Accuracy are Mental 
Processes that require Special Training, which vast experience 

in developing high-speed operators enables CANDLER to give you 
simply, th ..... ughly. interestingly. Practice without understanding 
these laws and fundamentals governing speed and skill is always hard, 
and wastes much valuable time. C.‘NDLER shows visu the EASY. 
BETTER v‘ A 1" to SPEED. SKILL and CODE PROFICIENCY, quickly. 

CANDLER SYSTEM 
BOX 928 — DEPT. 10-A-6, DENVER I, COLORADO 

CANDLER SYSTEM COMPANY, 121 KINGSWAY, LONDON, W. C. 2, ENGLAND 
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THE HEY RADIO CREED 

o 'cave te eac‘fgs eost cocteete stock of eaecaftecs, 
'tlateleteed. \\NW.. o‘fes elates cecèelecs, Ices-

etlees, Ves‘,s •A‘o\esee vtices:îo bee 1011 e \\xe 
best evApeettt tot IONe use$ o see tat you ase 109c/0 se,.‘‘sfNea. 

cosucteUtce‘Wes evil"; ec Vaae foc a \\fee 

affo.savce.'t eff us eat yov.vgaet ate eat y ov, bet e to %ca.& • 

2. "I‘o sefl. to you oe tees esecedby V)o`olifevity . tflicà patty • 

tea tapessieteces1.`iou save f:vve ava cvovey • 

.lete`e ele /oest seeiee, ‘\‘e bet lees Meeceè` bi 

ee), "‘be best Usae-ie s\\0‘esoce*, Va‘‘e\P 3̀0u.te e•le essie 

to aMise et" 

ff‘e, best e4-‘e‘e‘N‘ tot •i0Ot VI see ifet 

«sÉ4 rife, Wice oc /Pee foc acvaIeuc eo,v‘pivev‘ \Ws 1IavabtAt.. 
oc avy eatee oc adveclisetvev‘ eveies‘. Ogg cN• No*, v. NN t'Ve lot 

WE'S\ cne.eufectvcW boffeivs 4.vx avi e‘p3:qvuev‘ yov ate esçeeieffy 

you ace aIvieys1•00e70 seisVa. 

itecesfed \i`lci‘e foc avy ivfoccoa‘VN. 00: Wcpicces •Ne COW( • 

ox ous  . 

ô 

covve‘eoce veos‘oes. A.StoteNO fides , iii.ssovc‘, eve-

• ttea \Nob N‘elej,"N1`19,•I‘N., 

o  ;WV f‘eNe'y • I' ea  

• 

W -fps \-vg,e\es e, C.90,oevia, cvavae f)y I‘evcy , . 

Nee, pbve,oc 

•;V:‘‘ \ ‘ec we . 

N Ç5Lls`< 

HENRY RADIO SHOPS 
211-215 NORTH MAIN STREET 

BUTLER, MISSOURI 

2331-35 WESTWOOD BOULEVARD 

LOS ANGELES 25, CALIF. 

"WORLD'S LARGEST DISTRIBUTOR OF SHORT WAVE RECEIVERS" 



IL A\ 4\ 41\ 41k AL À\ AIL Ad\ A\ 

ES ICO 
SOLDERING 

IRONS 

ir-e=ot 

are widely used in industrial plants throughout the coun-

try. They are designed to withstand the strain of continuous 

service required of factory tools. 

SPOT SOLDERING MACHINE 

designed for treadle operation for advancement of iron and 
solder leaving operator's hands free for handling of product. 

SOLDERING IRON TEMPERATURE 

CONTROLS 

prevent overheating of soldering irons be-

tween soldering operations. Irons do not 

deteriorate when being used. The idle period 

causes oxidation and shortens life. 

SOLDER POTS 

ruggedly constructed pots of various sizes 

designed for continuous operation and so 

constructed that they are easily and 

quickly serviced, should elements have to 

be replaced. 

Write for Catalog 

ELECTRIC SOLDERING IRON CO., INC. 

2546 West Elm Street 

DEEP RIVER, CONNECTICUT 

/1Ir lr \III \I \I \II/ \I lr \I 1 Pr 11I \I \I 
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THORDARSON 
Transformer Specialists since 1895 

Originators of Tru-Fidelity Amplifiers 
Every Thoraarson product is precision engineered cnd built entirely of 

quality materials to irsLre the utmcst in overall pertorrrance. 

Extensive metallurgical research has produced the superior coil and 

core materials used throughout Tho..darsoi transformers. In addition, we 

have transformers that are Tropex impregnated for prctection against 

moisture, salt air and humidity. 
Thordarson Tru-Ficiel,ty amplifiers feature: advanced tone compen-

sation, conservative rcrings, ventilation for continuous operation, low 

hum level, multiple input channels and maximum fexib lity of controls. 

Leading manufacturers in the electronics industry use large quantities 

of Thordanor products for most exacting requirements. Soon many new 

applications and developments, rising out of Thordarscn wartime pro-

duction, will be available for your require -nents. 

Remember Thordarson ... over 50 years of p-ecision 

manufacturing experience . . . for quali'y products. 

SOO NEST HURON ST., CHICAGO ILL. 

ORIG'NATORS OF TRUE- FIDELITY AMPLIFIERS 

TilORDARSON 
ELECTRIC MANUFACTURING DIVISION 

MAGUIRE INDUITRIES, INCORPORATED 
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eramics 
The experience earned in producing 

millions of Ceramic parts for the in-
dustry is at your disposal. 

Centrolab is equipped to furnish 

coil forms up to 5 inches in diameter 

and pressed pieces 

to approximately 6 

inches square. Write 
for bulletin 720. 



Parts by (entrain 
• Variable Resistors 

• High Frequency and High 

Voltage Selector Switches 

Fixed and Variable 

Ceramic Capacitors 

• Steatite Insulators 
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Gould-Moody " Block See' blanks ore mode the finest 
norneplote aluminum, cooked with on exclusive compound, an 
free iron-, all obrosive materials. They ore guoranteed not to 
dry out, oge, harden or deteriorate. Continued high fidelty 

i 

is ossured through many months of playbacks. The true tonal 
quolities, long ond greot economy of Gould- Moody " Block 

Seal" an 
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ove competi• 

tion. The proof of their value is in their performance• 

os o trial a sompse, d see { or yourself. 
wfflrepoinorigimpoom 

Old Aluminum Blanks recoated with the 
famous " Black Seal" formula on short notce 

THE GOULD-MOODY COMPANY 
WORDING DIANA' DIVISION 3" 8170,4,w NEW YORK 13, 



Veteran Hams and Industrial Purchasing 
Agents recognize and respect the name 

HARM 
because, since he infancy of radio, we 
have supplied them with the latest in 

RADIO AND ELECTRONIC COMPONENTS 
hot off the production lines of America's 

leading manufacturers. 

HARVEY invites your continued patronage and 
welcomes the friendsl-,ip of those of you who are set-
ting up new ham rigs. 

If you cannot visit our conveniently 
located headouarters at 103 West 13rd 
St., New York City ( one block east of 
Times Square), to see lone- promised 
postwar products... 

WRITE .. . WIRE . OR PHONE... 

HARVEY 

- Orders filled promptly! 

• Sound technical advice, upon request! 

• Prompt deliveries anywhere in the U. S. A.! 

TT ri 1r TIT Tilly 

  RADIO COMPANYLIFtYb 
103 WEST 43rd ST., NEW YORK 18. N. Y. 

89 SOME OF THE MANUFACTURERS WHOSE PRODUCTS WE DISTRIBUTE 
ABBOTT INSTRUMENT, INC. 
AFROVOX CORPORATION 
ALLIANCE MANUFACTURING CO. 
ALTEC LANSING 
AMERICAN PHENOLIC CORP. 
AMERICAN RADIO HARDWARE CO. 
AMERICAN TELEVISION & RADIO CO. 
AMPERITE COMPANY 
AMPERE& ELECTRONIC CORPORATION 
ASIATIC MICROPHONE LABORATORY 
AT1.2.S SOUND CORP. 
AUDAK COMPANY 
AUDIO Dl- VICES CO. 

BARKER & WILLIAMSON 
BELDEN MEG. CO. 
BIRNBACH RADIO CO. 
BLILF:Y ELECTRIC CO. 
BOGEN COMPANY, DAVID 
BRUSH DEVELOPMENT CO 
BUD RADIO COMPANY 

CARDWELL MEG. CO. 
CENTRALAB 
CLAROSTAT 
CORNELI.DUBILIER 
CORNING GLASS WORKS 
COTO COIL 

DAVEN ATIENUATORS 
DIAL PLATES 
DRAKE ELECTRIC WORKS 
DUMONT LABORATORIES, INC., AILES B. 

EASTERN MIKE-STAND CO. 
EBY CO., HUGH H. 
EITEL McCULLOUGH (EIMAC) 
ELECTRONIC LABORATORIES 

GENERAL INDUSTRIES CO. 
GORDON SPECIALTIES CO. 

HALLICRAFTERS, INC. 
HAMMARLUND MFG. CO. 
HEINZ-KAUFMAN (GAMMATRON) 
HICKOCK ELECTRIC 
HYTRON CORPORATION 

INSULINE CORP. (ICA) 
INTERNATIONAL RESISTANCE. CO. ORC) 

JANETTE MEG. CO. 
JF-NSEN RADIO MEG. CO. 
JOHNSON ( O., E. F. 
JONES. HOWARD B. 

KENYON TRANSFORMER CO. 
KRAEUTER & CO., INC. 

LENZ ELECTRIC MFG. CO. 
L1TTELFUSE LABORATORIES 

MEISSNER MFG. CO. 
MIII EN MFG. CO. 
MILLER CO. J. W. 
MUELLER ELECTRIC CO. 

NATIONAL COMPANY 
NATIONAL UNION RADIO CORPORATION 

OHMITE MEG. CO. 

PAR-METAL PRODUCTS CORP. 
PHII CO 
PIONEER GF-NEMOTOR CORI'. 
PRECISION APPARATUS CO. 
PRESTO RECORDING CORP. 

RADIO MEG. ENGINEERS (RME) 
RAYTHEON PRODUCTION CORP. 
RCA MANUFACTURING CO. 

SANGAMO ELECTRIC CO. 
SHURE BROTHERS 
SIGNAL El ECTRIC MEG. CO. 
SIMPSON ELECTRIC MEG. CO. 
STANDARD ELECTRIC PRODUCTS CO. 
(STACO) 

STANDARD-TRANSFORMER CORP. 
(STANCOR) 

STROMBERG.CARLSON 
STRUTHERS DUNN, INC. (DUNCO) 
SUPREME INSTRUMENTS CORP. 

TAYLOR TUBES, INC. 
THORDARSON ELECTRIC MEG. CO. 
TRIMM HEADPHONES 
TRIPLETT ELECTR. INSTRUMENT CO, 
TURNER COMPANY 

UNITED TRANSFORMER CO. (UTC) 
UNIVERSITY LABORATORIES 
UTAH RADIO PRODUCTS CO. 

WARD-LEONARD ELECTRIC CO. 
WESTON ELECTR. INSTRUMENT CO. 
WORNER PRODUCTS CO. 



Government Surplus 

TUBES ated 
RECTIFIERS 
Immediately Available! 

Trade 
discounts 
to dealers 
on case lots 

VT127A, above, with dual plate 
and grid leads. Filament V-5, 10-A. 
Capable of operating in many of the 

1-IF post-war amateur bands. Former-
ly used by Gov't. in radar — average 
cost over $20, now offered at ... 7.50 

We have been appointed a sales agent by 
the Reconstruction Finance Corporation of 

government surplus tubes. Many types of 
transmitting, cathode ray and rectifier tubes 

immediately available. All tubes tested to 
government specifications and rigidly in-
spected. Highest quality — not rejects! 

Write for complete list 
of tubes and prices! 

All immediately available, including: 

826 (HF triode) • VT127A (HF triode) 

304TL • 872A (MV rectifier) 

Cathode Ray Tubes: 

5AP1 • 5BP4 • 3AP1 

It 
USED TUBES — a limited supply of used 
tubes in the larger sizes, at 40% discount. All 
tested and in good operating condition. Follow-
ing types available: 

250TH - 250TL - 750TL - 803 - 805 

807 - 813 - 815 - 100TH - 450TH - 829 

830B • 832 - 851 - 860 - 845 - 849 



UNEELLED FOR HIGH TEMPERATURE 
‘e APPLICATIONS... f 

CAN TYPES 25P 

Two standard typm, one 

for 105 C. undone for 95 

C ccntinuous operation. 

Other ratings available. 

HERMETICALLY SEALED IN GLASS TUBES 

Famous Sprague glass- to-metal end seals. 

Ext,nded construction gives maximum flash-

over distaron between tern-inals. 

...ideal for higher ratings in smaller 
sizes at lower temperatures 
Sprague Capacitors impregnated with the 

exclusive VITAMIN Q impregnant make pos-
sible the use of much smaller units— with a 
substantial safety margin— on numerous high. 
voltage, high temperature applications ranging 
frctm transmitting to television. Where high 
temperature is not a factor, their unique char-
acteristics assure materially higher capacity 
ratings for a given size. 

Type 25 P VITAMIN Q Capacitors opetate 
satisfactorily at thousands of volts at ambient 

SPRAGUE ELECTRIC COMPANY 

temperature as high as 115° C. Insulation re-
sistance at room temperature is more than 
20,000 megobms per microfarad. Throughout the 
temperature range of+ 115° C. to.- 40' C. they 
retain all virtues of conventional 
oil-impregnated capacitors. 

WRITE FOR NEW CATALOG 
Sprague Catalog VI— just off press— 

brings you details- on VITAMIN Q 
Capacitors in both can and glass tube 
4YPes as well as dozens of other paper 
dielectric types for today's exacting uses. 

• North Adorns, Mass. 

SPRAGUE 
VITAMIN 
TRADE MARK REG. U S. PAT. OFF. 

Ç%t 

CAPACITORS 
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FOR )(OUR 

NEWEST RIG-
- Sylvania Electric makes the tubes you 
want. 
Now that you're back on the air, you'll need 

the kind of electronic equipment that will 
help you keep up with the many advances 
made in the field of communications. Now's 
the time to prepare for the increase in tele-
vision transmitting stations all over the 
nation . . . higher frequencies. FM. 

You'll welcome the news, then, that cath-
ode ray tubes are now available through 
Sylvania distributors, retailers or radio ser-
vicemen. Our constant research in this field, 
combined with wide experience in large-
scale production to meet war needs, has 
placed us in a position to manufacture 
cathode ray tubes to a much higher stand-
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ard than it has ever been possible before. 
And concerning higher frequencies, the 

Sylvania Lock-In Radio Tube was built to 
handle high and ultra-high frequencies— 
yet be more than perfectly suitable for sets 
working with the "regular" bands. 

Yes, Sylvania Electric makes the tubes 
you want—dependable, precision-built tubes 
of every description. And each tube you 
buy is backed by over 40 years of the kind 
of research and development that have 
made Sylvania Radio Tubes the perfect 
electronic units they are today. 

\ell SYLVNLk 
11 1 E CTRI C 
Makers of Rodio Tubes; Cathode Ray Tubes; Electronic Devices; 

Fluorescent Lamps, Fixtures, Wiring Devices; Electric Light Bulbs 
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• Old time hams have fond memories of ArnerTran and 
many radio and radar operators found the AmerTran 

name on their most dependable components during the 

recent war. Now, AmerTran, associated for more than 
forty years with quality transformers, returns to amateur 

radio. 

Many improvements will be found in the new, complete, 

line of audio and power transformers now being offered. 

THE AMERICAN TRANSFORMER COMPANY, 178 Emmet St., Newark 5, N. J. 

••• u PA, Cluir 

.1.1U,ACTOqING S.in 1.01 Ai 14/WAIK, N I 

Pioneer Manufocturers of Transformers, Reactors and 

Rectifiers foe Electronics and Power Transmission 
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I TO BUILD I 
I  óiiAIj ORDER YOUR 
TO TEST I EQUIPMENT 

FROM CONCORD 
(LAFAYETTE RADIO CORPORATION) 

Used by Amateurs for 25 years as Headquarters for 
RADIO PARTS and ELECTRONIC EQUIPMENT 

Once again CONCORD invites the radio 
amateur to avail himself of the exceptional 
service which has made us the dependable 
source of radio parts and electronic equip-
ment for almost 25 years. Look to CONCORD 

to supply you quickly with the items you 
want. Our business is to carry them in stock 
for you on your call. Our quality is depend-
able. Our stocks are huge and complete. Our 
service is fast. 

Order Today for Shipment Tomorrow 
from CHICAGO or ATLANTA 

ALL STANDARD LINES 
As Few or os Many as You Need 

CONCORD is famous for carrying in stock 
for immediate shipment hundreds of nation-
ally known lines of amateur radio parts and 
equipment. Below is a partial list: 
Aerovon, Amphenol, Amparen, Arnperite, 

Asiatic, 8 & W, Bliley, Brush, Burgess, 
Cardwell, Centralab, Clarostat, 

Cornell-Dobilier, Dumont, Echophone, 
Eimac, General Electric, Hallicrafters, 

Hammoolund, Heintz & Kaufman. Hickok, 
IRC, Janette, Jensen, Johnson, Mallon', 

McElroy, Meissnee., Millen, National, 
Ohmite, Pioneer, Presto, 'taco's, RCA, 

Readrde, Shure, Simpson, Solar, Sprague, 
Stancor, Supreme, Thordarson, Trimm, 

Triplett, Turner, UTC, Universal, 
Utah, Vibroplex, Weston, Worner 

COHCORD 
RADIO CORPORATION 

(Lafayette Radio Corporation) 

CHICAGO 7,111. • ATLANTA 3, GA. 

Two convenient shipping-warehouses 
serve you with utmost speed. Send your 
order to the one nearest you. 

Complete Catalog FREE 
In addition to all standard brands of 
quality items, this Catalog and Buying 
Guide contains items not available at 
any price during the war, it offers many 
new post-war developments, it shows 
the last word in modern radio parts 
and electronic equipment. Many of the 
recent advances in the science of radio 
communication are included. You'll 
find this Catalog a priceless reference 
guide and a valuable addition to your 
library. Mail the coupon below for a 
copy. It's absolutely FREE. 

nnnnn unislia•aa•sionlimmum 
▪ CONCORD RADIO CORP., Dept. RAH 
• 901 W. Jackson 13h.d., Chicago 7, 

▪ Gentlemen: Send me at once a FREE copy of 
• your latest Catalog and Buying Guide, listing 

standard lines of Radio Pans and Electronic 
Equipment. 

• 
• 
• 
• 
• 
• 
• 
• 

901 W. Jackson Boulevard 265 Peachtree Street MMMMM 

Name  

Address  

(its 7one State  



TURNER 

Faithfully Reproduce 
Your Complete Messages 

These famous microphones, priced within the range 
of every amateur, amplify all vibrations received 
by the diaphragm without adding any of the har-
monics to assure clear, sharp communications with-
out distortion. You can rely on Turner under all 
climatic and acoustic conditions. 

22X 
22D 

22X Crystal is tops 
in performance. Re-
produces clean and 
sharp. Smart engi-
neering cuts feed-
back to minimum. 
Tilting head and removable 7-foot cable set. 
Built-in wind-gag permits outdoor operation. 
Crystal impregnated against moisture. Au-
tomatic barometric compensator. Chrome type 
finish. Level -52 DB. Range 30-7,000 cycles. 

22D Dynamic is identical in appearance with 
22X but has high level dynamic cartridge. 
Dependable indoors or out. Output -54 DB. 
Range 30-8,000 cycles. 200 or 500 ohms or 
high impedance. 

33D Dynamic 
33X Crystal 

The full satin chrome 
finish of 33D Dy-
namic adds class to 
any rig. 90° tilting 
head gives semi- or non-directional pick-up. Output 
level -54DB. Range 40-9,000 cycles. Ruggedly built 
for recorder or P.A. work. Built in transformer free from 
hum pick-up. Available in 200 or 500 ohms or high im-
pedance. 33X Crystal same appearance as 33D. Level 
-52DB. Range 30-10,000 cycles. 

Han-D 

Hang it, hold it, use it on desk or 
floor stands. Han-D does the job of 
several mikes. Available as 9X 
Crystal, in brushed chrome finish, 
Level -48DB, or 9D Dynamic in 
brushed chrome or gunmetal. Level 
-50DB, 200 or 500 ohms or hi-
i mped once. 

NEW TURNER 
CHALLENGERS 

FREE 

Phis Performance at Low Cost 

Model CX 
Crystal, in rich brushed 

chrome finish, with 7 
foot removable cable 
set using Amphenol 
connectors. Level -52 
DB. Range 50-7,000 
cycles. 

Crystal mike for record-
ing, P.A. and ham work. 
Bronze enamel finish. 
Level -52 DB. Range 50-
6,000 cycles. An excel-
lent unit. With 7 foot 
cable. 

211 
DYNAMIC 

No. 211 is a Rugged Dynamic utilizing a new 
type magnet structure and acoustic network. 
The high frequency range has been extended 
and the extreme lows have been raised 2 to 
4 decibels to compensate for overcll defi-
ciencies in loud speaker systems. Unique 
diaphragm structure results in extremely low 
harmonic and phase distortion without sacri-
ficing high output level. Tilting head, bal-
anced line output connection. Chrome or gun-
metal finish. 

Model CD 
Dynamic, some style 
and finish as CX, with 
removable 7 foot 
cable set. Ir 200-250 
ohms, 500 ohms or hi-
i mpedance. Level -52 
DB. Range 50-7,000 
cycles. 

Model BD 
Dynamic, some finish as 
BX. Works indoors or out. 
Level -52 DB. Range 
50-6,000 cycles. 200-
250 ohms, 500 ohms or 
high impedance with 7 
foot cable. 

Turner Microphone Catalog with complete information and 
prices on Turner Microphones. Write for your free copy, 

Crystals Licensed Under Patents of The Brush Development Co. 

THE TURNER CO. 
CEDAR RAPIDS, IOWA 
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PERFORMANCE BACKED BY PRECISION 

THE X C• 2 PLUG-IN UNIT 

A unit for fixed frequency operation of RME 
communications receivers. A crystal ground 
to a frequency either 455KC higher or lower 
than the frequency of the signal to he re-
ceived, is an integral part of the XC-2. The 
XC-2 is inexpensive, easily adapted and 
very effective in locations where fixed fre-
quency operation of a general coverage re-
ceiver is desired. 

INDIVIDUAL EQUIPMENT BULLETINS 
WITH PRICES AVAILABLE ON ALL 
RME UNITS. 

98 

Evei-y control is conveniently located, all scales are illum-
inated and distinctive, the chassis is mounted on a relay 
rack panel, and The cabinet is attractively designed in a 
two-tone finish. 

The RME • 45 is the type of receiver ty which radio amateurs 
the world over judge dependability and performance; PRIDE 
OF OWNERSHIP MUST BE BUILT INTO EVERY SET— that has 
been our creed in the past twelve years. 

The RME • 45 is truly your postwar receiver dream come true! It 
has been so engineered that it delivers peak performance on 
all frequencies 550 to 33,000 C. Loctal tubes, short leads, 
temperature compensating padders, triple spaced condensers 
and advances made while producing for the armed forces— 
all these details have collaborated to give you the " finest" 
and most stable reception you have ever listened to. 

itere is bandspread aplenty for the most exacting ham or 

• 

‘14 
omt RADIO MFG. ENGINEERS, INC. 

ENE COMMUNICATIONS EQUIPMENT 



99 
commercial operator. The 20 meter hand, 14,0E0 to 14,400 KC., 
for instance, covers 20 divisions on the transhicent hl — 
equivalent to 72 degrees on a five- inch diameter disc. 

The appearance of the RME•45 is consistent with its 
performance. The receiver is housed in a Pew streamlined 
two-toned cabinet and supplied with a matcled acoust,cally 
designed speaker housing. 

These and a multitude of additional featwes make the 
new RME-45 the receiver you have long been waiting for! 

R. M. E. •ft I EthE IL 

A new bossing to match the new receiver. 

built in a sturdy design. open in the rear, 

the eight-inch electrodynamic speaker in 

every way gives true and balanced perform 

awe, no matter whether used tor CYI. 

voice or Inoue! 

11-1 Ft- 15 2 

The Me YHF-1S2, with the additint of a good com-

envoications receiver, will give rat the best ie alt 

tuad amateu naptiot 

Streamline Two- Tone Cabinet 

Acoustically Designed Speaker Housing 

Relay Rack Mounting Panel 

Six Buis, 550 to 33.000 lC 

Automaric N:iise limite. 

Relay Cantrcl and Breati-In Terminals 

Signal Level Meter 

Variable Crystal Filter 

Bandspread Equivalent To 75 Linear 

Inches For Every 180 Sweep Of Main 

Pointer 

CONVERTER 

During pre-war days, thousands of hams were introdaced 
to the five meter band through the use of the DM 36, High 

Frequency Converter. 
This instrument gave exceptional performance, at low 

cast, on the 5 and 10 meter bands when used with a good 

communications receirer. 
To make VHF operation really practical and wortiwhile 

ot the new FCC allocations, an entirely new version of the 
DM 36 is now introduced covering 18 to 30MC, 50 to 54MC 
and the new 144 to 148 MC band. At modest cost, the VHF 
152 tar exceeds any present day method offered tor working 
these frequencies. Your RME•45 is an excellent receiver to 
vu with the VHF-152. RME has always pioneered with the 

finest first! 



INDIVIDUAL EQUIPMENT BULLETINS 
WITH PRICES AVAILABLE ON ALL 
RME UNITS. 

THE LF 90 FREQUENCY CONVERTER 
( 90 TO 600 NO 

In combination with a good communications receiver, the LF-90 permits reception of such 
frequencies as aircraft beacons, air navigation, ship, coastal stations, and others operating 
in this low range. 

Small in size, the LF-90 has its individual power supply, standard 115V, 60 cycle_ 

A new radio controlled unit, serving as a standby operator for your radio station, and known 

as the AUTOMATIC ANNOUNCER was recently introduced by RME As a "radio operated switch," contacts control the 

lighting of a signal light or the ringing of a bell, or both. The unit gives a visual as well as an audible indication of incoming 

radio signals. In no way are the normal functions of a communications receiver affected when the SPD-33 is connected to it. 

The unit is designed for standard relay rack mounting, panel height being 31/2 inches and depth 12 inches. 

AUTOMATIC ANNOUNCER 

FOR PRIVATE PILOTS— THE NEW II E 

RECEIVER—TRANSMITTER 

Here is the really practical receiver transmitter unit for 
which private pilots have been waiting. Light in weight, 
carefully designed for proper light ship installation, and 
built to rigid RME specifications and quality, and 
nominal in cost, this new unit is already making a hit 
with its performance. 

Receiver specifications: 
180 to 42OKC —ForRange Stations. 
550 to 1500KC—For Standard Broadcast 

Stations. 
118 KC —For Tower Frequency Position. 

Transmitter has normal ten mile range. 
Both units obtain their power from small dry cells. 

Optional oinitil 
6 volt and 
12 volt Irwin 
with PliPr. 
nal vibro« 
pack. 

THE II II 20 PRESELECTOR 
Thousands of 01320's were used by our Nary during the war to give tremendous 
increase in both gain and selectivity when used with a good communications re-
ceiver. Over-all gain of from 20 to 25 db is achieved throughout the tuning range 
of 550 to 33,000 KC, covered in six bands. The unit gives true preselection— 
optimum gain with best possible signal to noise ratio. 

Other features include antenna change-over switch, stability and excellent 
• reverse attenuation characteristics. 

E RADIO MFG. ENGINEERS, INC. 
U. S. A . 

IINL COMMUNICATIONS EOUiPMENT 
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QUALIII, VALISE AND GlIARANIEED PERfORA 

P ANCE 

14e 5 4 
in AmpUtiet Kits ... Ironsmittet eits ona Componert Ports 

'THESE time-tested SI.P.141COR Kits for ena the 

teurs are de-

signed for simplicity der comp da 

, efficiency and usefulness. 'Backed by 

recognized and respected ST Ptl•ICOR guarantee against defects 

in material ana workmanship, they renlete satisfaction. 
full data furnished on each unit • • . description, igram, d-

illus-

tration . • . for proper assembly, wiring and operation. "Standar 
ilea" punched chassis simpes set-up • • . accommodates var 

s iety 

of equipment without structural change. STe•ICOlt unit make 
possible maximum performance with minimum labor and ex-

pense. See your Jobber or write for fe details. 

s D T i fO t AASCOg 

STANDA R S 

RANSRNIER CORPORATION 

15oo t-logiti tiAlSIED TREE1 • CHIC t,C.70 72, 10.11.4015 

„.„,---"•--...._.„ 



MILLEN MODERN PARTS 

10050 10007 

41305 

45004 45500 

44001 43 

26100 24935 

, 
- 39003 

12035 10000 39001 39006 39002 - 20935 21935 220 

o 
MILLEN RADIO PRODUCTS are well designed MODERN PARTS for MODERN CIRCUITS 
attractively packaged,  derately priced, and fully guaranteed. They have been d 

signed with a view toward easy and practical application as well as efficient perform 

ance. For instance, the terminals are located so as to provide shortest possible leads 

mounting feet are designed for easy insertion of screws and socket contacts, so that th 
solder won't run down inside them and make inipi›ssilde the insertion of the tube, et 
Thus our slogan, " Designed for Application." Our general catalog is available for th 

asking either from your favorite parts supply house or direct fr  the factory. 

11000, 120o0. 13000. 14000 SERIES CONDENSERS 

.077"alr gap is for 3000 volt peak raling 

Code 

MILLEN TYPE 

Cel per ,Ide 

.1/. II in. 
.41, Gait 

11035 36 4.6 
11050 51 6.5 
110711 74 9.5 
13035 35 4.9 
13050 49.5 6.3 
13070 71 7.3 
14201) 201 111.7 
141011 99.5 12.o 
1411511 5o 
14060 ed) 

.077" 

.077 

.077 

.077 

.1177 

.171 

.171 

.265 

l'ollope 
Rating 

000 
000 
0110 
000 
000 
1100 
1100 

611110 
611110 
9000 

Price 

86.90 
7.11 
7 s9 

12.99 

CONVENTioNAL SINo1.1.1 sEurIoN TYp4: 

e «de 

2935 
2936 
2536 
.2551 
257i1 
2.,19 
2515 

Crippr•du pet seellon 

.11 Abu. 

9 
9 
6 
7 
9 
12 
is 

37 
37 
43 
55 
76 

1.111 
151 

tr Dap Finish on 
Plates 

\ 
Price 

.176" 

.176 

.1)77 

.077 

.1177 

.077 

.077 

Polished 
Plain 
Plain 
Plain 
Plain 
Plain 
Plain 

I : 1 

3.011 
3.6) 
4.50 

CoNVENTIDNA I. DOUBLE SECTION TYPE 

Code 
Capacity Per etiill11 

Min. It o.r. 

12035 
12036 
12050 
12051 
12075 
12076 

6 
7 

9 
9 

43 
43 
55 
55 
76 
76 

.11r Gap 

.077" 

.077 

.077 

.077 

.077 

.077 

Finish on 
Plates 

Vet 

Polished 
Plain 
Polished 
Plain 
Polished 
Plain 

54.32 
3.1111 
5.19 
4.32 
.5.61 
5.40 

JAMES MILLEN 
MAIN OFFICE 

Code Description Net Price 

main V4 ( WM DrIVe I ,, it 84.50 
0001 Itrurn Nleter inal-0-1011 1.55 
00117 1 ,,," Nickel Silver Inst. Dial-0-100 .50 
110118 3 ,¡" Nickel Silver Inst. 18a1-0-1110 1.110 
9050 Dial Lock .45 
is i61) Shaft Lock for 14" Shafts .36 
,,1 i 61 Shaft Lock .36 
,1965 Vernier I ) rive I•nit .36 
5967 Shaft Bearing. ‘J '. .21 
519)1 Neutral l'ondenser 0.7-4.3 .99 
5002 Neutral I'ondenser 0.5 13.5 1.115 
50113 Neutral Indenter 1.5 5.5 .111) 
51'115 Neutral I'lintienser 3.1-14.6 2.00 
511116 Neutral Isondenser 2.8-9.1 3.00 
oil i :, Steatite l'itra Nlidget 15 nunfd 88 .75 
91135 Steatite Ultra NIldget 35 minfil SS 1.110 
29050 Steatite Ultra Nildget 50 innifd SS 1.211 
291110 Steatite Ultra Nlidget 100 nunfd 55 1.514 
29920 Steatite 1.1tra Midget 20 tumid 1/S 1.20 
211935 Steatite Ultra Midget 35 tumid DS 1.40 
211150 Steatite I Uri, Midget 50 nandd SS 1.75 
211110 Steatite Ultra Midget 100 Runk' 58 1.90 
211 41) Steatite l'itra Nlidget 141) nunfil SS 2.10 
'1 ,1 35 Steatite Ultra Midget 35 tilmfd 115 1.911 
2975 Steatite SI idget 75 ininfd SS 1.32 

22101) Steatite Midget 100 ininfil SS 1.38 
22140 Steatite SIidget 1411 tninfil SS 1.62 
221115 Steatite Midget 15  fd DS 1.2)1 
22935 Steatite NIldget 35 tunifd DS 1.31) 
22950 Steatite Sliduct :-,I) intilfd 1)5 1.511 
231175 Steatite Dual Midget 75 nunfd per sec-

tion SS 2.60 
2:;100 Steatite Imial NIldget 100 inmfd per sec-

tion 55 2.50 
2'1925 Steatite Dual Midget 25 nunfd per sec-

tion DS 2.25 
: : 9511 Steatite Dual Midget 50 nunfd per sec-

tion 1)5 2.511 
11110 1011 mad per section. Single spaced 2.75 

_ 19:15 35 ninifd per section. I /made spaced 2.75 
25130 93-130 Air Pudgier 1.50 
26025 3.2-25 Mr Padder .96 
26050 4-50 Air Padder 1.11s 
26075 4.3-76 Air Pailtler 1.20 
26190 5-97 Mr Paddler 1.32 
269211 4.5-211A ir Padder 1.40 
269:35 5.5-36 Air Padder 1.51) 
28030 30 nunfd Nlica Pailder .15 
30001 Standoff, Y.í x 114, quartzg .15 
30002 Standoff, % x 2,4. QuzirtzO .21 
30003 Standoff. V, x 2,4, QuartzO .55 
30004 Standoff, %. X 434, Quartz() .65 

MFG. CO., INC. 
AND FACTORY 

MALDEN, MASSACHUSETTS, U. S. A. 



L'ode 

43081 
43161 
44000 
44001 
44005 
440111 
440211 
441140 
44080 
44160 
44500 
45000 

450114 

45005 

45500 
46100 
47001 
47002 
17003 

,001 
,ontl 

:is66 
77 ,72 
79020 
7904o 
79089 
79160 

60454 
60455 
60456 
60501 
60502 
60503 
60504 
62161 
62162 
62454 
62456 
63163 
63456 
63503 

67454 
67456 
67503 
67504 

64454 
644:.6 
65456 
90600 
In1605 
.6,61(6 

0'617 
,e;118 

100 

55000 . 

34102 

34225 

114 sie re se • e 
33004 33002 33004 

.1" 

32103 32101 32100 32102 

ft 
33087 90608 

4444 14111.t4, 

It Sr 

140 teee  
36001 

37105 37104 

60456 

to! eeli, 
4" IMP% 

32150 
37001 33105 

DESIGNED for APPLICATION 

Code 

111101 
(1002 
111103 
11004 
Ill)!! 
31012 
.31013 
311114 
31015 
'12100 
;2101 

i02 
2103 
.2150 
;2201 
22))3 
2,(011 

I3004 
3(5(5 
3006 
3007 
300> 

33087 
33102 
33105 
33202 
33888 
33991 
4010 
4100 
4101 
4102 
11140 
1154 
)210 

.:I04 
:202 
.211 
:222 
;.(112 
.26,3 
o4 

016 

c'02 
, 

. • ' or, 

• Ifi•-, 
" 
• .. 111 

.. ,11 

mscriptirm 

Standoff. 3, X I. Isolatatite 
Standor. h X 212, Isolantite 
Standoff..., x 2. Iaolantlte 
Standoff. 3, X A., Isolantite 
Came, X h. Steatite 
Cone, 1 x I. Steatite 
('one, I h x I, Steatite 
Cone. X I, Steatite 
Cone. 3 x I h, Steatite 
Steatite Hushing for h" hole 
Steatite Rushing for h" hole 
Steatite Bushing for La" hole 
Steatite liustiltag for ',.." hole 
Isolantite Thro-bushing, for " hole 
Steatite Itu.shing and Hardware 
Steatite Bushing and Hardware 
Isolantite Bushing 
(rystal Socket 
4 Prong Socket 
5 Prong Socket 
6 Prong Socket 
7 Prong. 1.arge. Socket 
8 Prong. octal, Socket 
Base ( lamp for 8117 etc. 
Crystal' Socket 
Acorn taateket. Quartz() 
Crystal Socket 
Aluminum Sided f, ,r 33008 
Socket Tor 1Cl! etc. 
Shielded Ile NIII receiving 
Univera'al 2.5 0111 
Univer.al 2.5 NIII. less. Standoff 
Commercial type 2.5 NI II 
Irniver.al air core Transmitting 
Transmitting I loeke 
General Purpa.se RF(' 10 NI 11 
Genera, Purpo•se It 1.1 ' 25 NI Il 
General Purpose R61 ' NI II 
General Purp0se RE( M II 
Interruption Frequency. Dscillatsai (« o)l 
('erataite Plate 4'ap. 9/16" for 866 etc. 
('erande Plate 14). .4" for 807 eve. 
Black Kakelite Safety Terminal 
Four Terminal. Black 13akelite 
Steatite Plates. Pr. 
Bracket 
Terminal Posts. Pr. 
1'wo Terminal. Steatite 
l'ilree Terminal. Steatite 
Four Terminal. Steatite 
Five Terminal. Steatite 
Six Tenninal. Steatite 
Low Loss Mica liakelite Safety " terminal 
isolanelte :1/16" DAL Beads ( Pk of 5(l) 
1110 Reads, 5/16" Quartz() 
Truly Flexible Isolantite 
4'0tiventiorial 
Solid l'ra.ss N.P. 
nivessal Joint. Non-Insulated 

Slide Arti,,n 
idgel Plug 

Intermediates:toe phic 
NI ¡ duet Sockad 
I ' demean:ate size socket 
(martz() blank hint, and plug 

Midges rolls he earl) 
00 No. 

el fre 

.20 

.27 

.42 

.21 

.27 

.42 

.45 

.30 

.:1:, 

1.811 

.24 

.2-1 

.24 

.21 

.24 

.30 

JAMES MILLEN 
MAIN OFFICE 

ire.acriplmal 

plug. No. I at end Id code means 
center link. No. 2, end link. 
Quartzaj form I 3, " 3•,¡'" 
Quartz() Wank form and plug 

•• 1110 watt" coils 
for each band. Nbainted on 
No. 40305 plug 
Swinging link and cc ( el 
Coil Form. I" dia. 1111 p., low loss MICR 

base Plien,die 
Coll Form, I" dia. 4 p.. low loss mien 

base Merlon,-
Coll Form. 1" dia. 5 .6. low loss snlea 

I. ase Phenolic 
born,. ls" din., steatite 

Col Form. t h" dia. no p.. Quartz() 
( ' 01 Form. 3.' alla.. Quartz() 
Col Form, h" dia.. Quartz() 
4'01 Form, • a dia., (,≥ uartz() 
(*.II Fatrm. dia., Quartz() 
Sheet. x SU, x . 1. Quartz() 
Col Dope. 2 ', rt... Quartz() 
"s: " Hash Filter 25(LNI A 
••sh6' Hash Filter 50,101A 
"872" ' lash Filter 
I line Band Wave Trap 
7ine Banal M'ave Trap 
3.5tne Banal Wave Trap 
1.7rne Band Wave Trap 

Air Trimmed 

456 Inialt• Air (*ore 
456 Interstage I • y ir I 
456 Interstagc 
5000 Interstagc 
5000 I / lode 
500(1 FM 
5001) FOI Disc 
16110 Interstage 
1600 Diode 
456 Diode 
456 I nterst age 
1600 111,11 
456 It'l l T 

5000 

Mira Trimmed 

456 10).0. Irsuit'ore 
456 I nterstage Iron Core 
5000 FNI Ilderstage Air ('ore 
5)(10 FM Disc Air Core 

Permeability Tunes 

456 Diode ( 2) 
456 Interstage ( 2) 47,6 n}.(, 

( ' onapleteset of four Waverneters. incase 
Range 2.8 to 9.7 me. %Vaventeter 
Range 9.11 to 28 me. NV avemeter 
Range 26 to 65 Inc. Waverncter 
Range 50 to 1411 Wavemeter 
Retrofit 

A , price 

8 .90 
.1111 
.75 

1.211 
1.511 
1.50 
1.50 
1.50 
1.90 
2.10 
1.75 

.21 

.30 

.30 

.45 

.45 

.10 

.15 

.35 

.45 

.45 

.30 
I.1111 
1.25 pr. 
1.4)1 pr. 
.90 

.90 

.90 

4.50 
4.511 
4.511 
4.51) 
1.50 
4.50 

4.50 

4.50 
4.50 
4.50 
4.50 
t 

3.01' 
4.00 

MFG. CO., IN 
AND FACTOR a 
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HEADQUARTERS 

For the Biggest Names in Amateur Radio 

CA11E111910 
SINCE -f 

G' il• 

,\\ 

1919 

PIONEERS IN RADIO AND ELECTRONICS 

The news that " Hams" may again take the airways finds 
us ready as always to serve every need for parts and 
supplies made by the biggest names in Radio. 

Ours is an organization that grew up with radio—that 
kept pace with its progress from Crystal Sets to Televi-
sion. Our stocks are large and complete. We have the 
technical "know-how" and the trade-knowledge of what 
is available and when! 

And we've always had "Ham" operators in our organi-
zation to help you with your technical problems. Men 
who do understand your language. 

If you are considering new design, improvement or ad-
dition to your old " Rig"—try CAMERADIO first! 

QUALITY MERCHANDISE • PROMPT SERVICE 

CAMERADIO CO., 963 LIBERTY AVE., PITTSBURGH 22, PA. 
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EST EQUIPMENT 

Signal Generator SG-3A Intended primarily 
for the accurate adjustment of receivers and the 
measurement of receiver sensitivity, this signal gen-
erator will also find application in radio equipment 
manufacturing for production and design testing. 
The SG-3A may also be used for the standardiza-
tion of receiver performance. 

It is a quality instrument which permits directly 
calibrated readings of Radio Frequency Output. 
The clearly marked dial and convenient arrange-
ment of controls assures easy, accurate operation. 

Oscilloscope 

CRO-3A 

This new cathode-ray oscilloscope is ideal for 
accurate and rapid service work. It is entirely port-
able and is designed for Frequency Modulation, 
Amplitude Modulation and Television service work. 
It can be used for the study of wave shapes and tran-
sients, measurement of modulation adjustment of 
radio receivers and transmitters, the determination 
of peak voltages, and the tracing of electronic tube 
characteristics. All controls are conveniently located 
on the front panel. Welded steel case. 

Unimeter UM-3 A portable, all-around, utility 
instrument for service work. A large-faced clearly 
calibrated dial permits quick,, accurate reading. All 
functions are separated to minimize any possibility 
of applying high voltage when preparing for current 
or resistance measurements. Easy identification is 
provided for in reading by printing scales in led 
and black, with values most used on the upper part 
of the dial. -The case is of welded steel finish, in 
Federal wrinkle gray. Weight—approxinunely 10 
lbs. 

For complete information, write to 

Electronics Department, Specialty Division, 

General Electric Company, Syracuse, N. Y. 
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Safety door 
interlock switch 

An incx pensive and depend-
able safety switch used to 
interrupt the control cir-
cuits where doors, windows 
or covers are opened when 
power is on. 

Indicator lamps 

A "ready- to-mount" assem-
bly for use on electric equip. 
ment panels. Vibration 
proof, opaque, "lock-on" 
cap, with or without "dim-
mer" feature. Choice of fisc 
color caps; also clear neon 
bulb type. 

Snap-slide fastener 

A reliable and secure fast-
ener that will not release 
its grip when subjected to 
vibration. 

COMPONENT 

Electronic 
tube sockets 

Rugged and dependable 
these sockets have spring 
like contacts at the botto 
and sides which insure con 
stant electrical connections 
A complete line tor receiver 
transmitter and industria 
tubes including a line o 
split type water jackets. 

P. M. speakers 

Introducing the new line o , 
G-E Speakers using the new 
alnico No. 5 magnet ma-
terial throughout. Unsur-
passed in fidelity, depend-
ability and durability. The 
speakers range in size from 
4 inches to 12 inches. They 
have been completely re-
designed for postwar appli-
cations. 

Thermocell crystals 

The General Electric G-30 
and G-31 Thermocell Cry-
stals are designed for the 
ultimate in useful crystal 
stability—compact, depend-
able and quick heating. 
Many other types of quartz 
crystals and holders are 
available including high 
frequency rectifier types. 
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"IF" transformers 

lop tuned with trimmer 
rugged and compact 
struction—low cost. 

Air Trimmers 

Stability from 2 to 32 mmf. 
no reverse loops insure 
smooth tuning over entire 
range where stability is re-
quired in high frequency 
oscillatorand discriminator 
circuits. 

For complete information, write to 

Electronics Department, Specialty Division, 

General Electric Company, Syracuse, N. Y. 

Tube Clamps 

An adjustable tube clamp 
designed to fit most of the 
generally used electronic 
tuhes.Field tests have proved 
its superiority to withstand 
shock and vibration tests. 

GENERAL 

fu Terminal Strips 

Specially designed textolite 
and plastic terminal strips 
adaptable for permanent or 
temporarylead connections 
where many wires are used. 
Neat, compact and efficient. 
Several types are now avail-
able. 

Insulated Couplings 

A mechanical linket that 
separates electrically the 
shaft and chassis. They al-
low greater flexibility in 
the accuracy of mounting 
dimensions for shafts. In-
sulating portion may be tex-
tolite, plastic or steatite. 

Thermoplastic cement 

Ideal for cementing loud-
speaker cones into metal 
housings, making laminat-
ed sheet metal for radio. 
Fast air drying, cementing 
either on one or both sides. 
No moist surfaces. 

Igq-C, 

ELECTRIC 
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61RIABLE \e 

r•• 

Since the inception of modern broadcasting IRC resistors have been the over-

whelming choice of discriminating amateurs. Scientifically designed and 

engineered to highest quality standards, IRC units "belong" in the finest rigs 

and can be depended upon to function with complete satisfaction. 

I .11 lilt 01 - E D .VE11 - 7' I'll E S 

While continuous laboratory research to constantly improve both design and 

characteristics of IRC products is no new venture with us, war requirements 

greatly accelerated the pace and today many new types of resistances are avail-

able which might not have reached marketing stage for months to come. 

Among these are the Type BTS (' 2 watt) and Type B TA (1 watt) resistors. 

Both are smaller than their older counterparts and have other definite advantages. 

SEIll'It'E t'.17'.11.0G .'Vo. 

Most of the resistor items you'll need frequently will be found pictured and 

described in detail in IRC's new Service Catalog No. 50. All units listed are 

"in stock" on your favorite IRC jobber's shelves or can be obtained for you by 

him almost overnight. If you do not have your copy of the IRC Service Catalog 

No. 50, stop in at your IRC Distributor's today or drop a line to Dept. RL-6. 

INTERNATIONAL RESISTANCE CO. 
401 N. Broad Street, Philadelphia 8, Pa. 

In Canada: International Resistance Co., LTD., Toronto 

IRC snakes snore types of resistance units, in snore shapes, for more applications, than any other 
manufacturer in the world. 

* * * * * * * 
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24G 
PLATE DISS 

25 W. 

COMMON TUBES 

4 

This complete line, cover-

ing a power range of 50 to 5,000 watts, 

embodies 1? years of pioneering and 

experience in the design and manufac-

ture of tantalum tubes. 

Special plate, grid, and filament design, 
and new metal- to- glass seals, give 

Gammatrons remarkable VHF perform-

ance. Other features: ability to withstand 

high plate voltages, complete protection 

against tube failure due to overloading, 

and long, efficient operating life. 

The Gammatron engineers responsible 

for these developments will be glad to 

hel ou with our s ecial roblems. 

'578 
TE DISS. 

454 
PLATE D1SS. 

,,, , 
dir4 

HEINTI... Ilk KAUFMAN 
\t‘.t '' 

75 W. 250 W .. me. 0,1.--7rii\ ..nlif "..0•.• u , • 

TYPE NO. 24 246 54 254 
* 

2578 3041 3048 354C 354E 4541 I 4540 654 8541 85411 10541 1554 20540 3054 

44AX. POWER OUTPUT: 
Class ' C' R.F.   90 90 250 500 230 1220 I 220 615 615 900 900 1400 1800 1820 3000 3600 2000 5300 

PLATE DISSIPATION: 
Watts   25 25 50 100 75 300 300 150 150 250 250 300 450 450 750 1000 1200 1500 

AVERAGE AMPLIFICATION 
FACTOR   25 25 27 25 10 19 14 35 14 30 22 14 30 13.5 14.5 10 20 

MAX. RATINGS: 
Plate Volts   
Plate MA  
Grid M.A  

2000 
75 
25 

2000 
75 
25 

3000 
1.50 
30 

4000 
225 
40 

4000 
150 
25 

3000 
1000 
150 

3000 
1000 
150 

4000 
300 
60 

4000 
300 
70 

5000 
375 
60 

5000 
375 
85 

4000 
600 
100 

6000 6000 
600 600 
80 110 

6000 
1000 
125 

5000 
1000 
250 

3000 
800 
200 

5000 
2000 
500 

MAX. FREQUENCY, Mc.: 
Power Amplifier 200 300 200 175 150 175 175 50 50 150 150 50 125 125 100 30 20 30 

INTERELECTRODE CAP: 
C 9-p u.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 

'i.8 
2.1 
0.5 

3.6 
3.3 
1.0 

0.08 
10.5 In 
4.6 On 

9 
12 
0.8 

10.5 
14 
1.0 

3.8 
4.5 
1.1 

3.8 
4.5 
1.1 

3.4 
4.6 
1.4 

3.4 
4.6 
1.4 

5.5 
6.2 
1.5 

5 4 
ei a 
0.5 0.5 

5 
8 

0.8 

11 
15.5 
1.2 

18 
15 
7 

15 
25 
2.5 

FILAMENT: 
Volts   
Amperes   

6.3 
3 

6.3 
3 

5.0 
5 

5.0 
7.5 

5.0 
7.5 

5.10 
26-13 

5.10 
26-13 

5 
10 

5 
10 

5 
II 

5 
11 

7.5 
15 

7.5 7.5 
12 12 

7.5 
21 

11 
17.5 

10 
22 

14 
45 

PHYSICAL: 
Length, Inches   
Diameter, Inches . ., .   
Weight, O.  
base   

*Beam Pentode. 

4 '; 
, 138 

13; 
Small 
UX 

4'5. 
134 
1,35 

Small 
UX 

57/is 
2 
2"; 
Std. 
UX 

7 
254 
635 
Std. 
50 
Watt 

59 /is 
248 
6 

Giant 
7 
Pin 

73; 
3"; 
9 

John- 
son 
#213 

734. 
334 
9 

John- 
son 

#2I3 

9 
3,4 
63.4 
Std. 
50 

Watt 

9 
334 
65 
Std. 
50 

Watt 

10 
33,‘ 
7 

Std. 
50 

Wait 

10 
33; 
7 

Std. 
50 

Watt 

10 ,4 
33,, 
14 
Std. 
50 

Watt 

17'; 12'; 
3 5 
4 14 

S-cl. Std. 
50 50 

Watt Watt 

16'4 
7 
42 

John- 
son 
#2I4 

18 
6 
56 
HK 
255 

21 ,¡ 
6 
66 
W.F. 
Co. 

30.4!. 
9 
200 
HK 
255 

WRITE FOR FULL DATA ON ALL 11 I I 



réle/Agar 
THE WORLD'S MOST ENTHUSIASTIC 

DISTRIBUTOR OF HALLICRAFTERS EQUIPMENT 

'Wherever we Yanks travel throughout the world, we get kidded about "world's 
largest", "world's best", etc. So I figure to be typically Yankee, and grab for myself the 
title as the wOrld's most enthusiastic distributor of the fine transmitting and receiving 
equipment produced by the world's largest builder of communications equipment. 

I know liallicrafters. I've known the sets ever since ei xalligan started making 
them about ten years ago. And I learned lots more about them (being the past few years 
when they did such a remarkable job for our Armed Forces. And I'm awfully happy to 
tell you that i  the privilege of supplying these liallicrafter receivers and trans-

New I've got to tell you something. 0 through this lousy war, while my boys and 
girls joined the Army and Navy and Marine Corps and Merchant Marine, I got itchier 
mitters to operators everywhere. 

and itchier. Too old (so "they" said) for the Army and Navy, I finally was lucky enough 
to get back into harness as a seagoing radio operator. 'While I was away, Frank Ba comb 
ran the factory, and did a good job. So good, that j'ai  to let him keep running it. 
Naturally, I'll continue the design on high speed transmitters and recorders, etc., but 
actually I'm going to devote myself to a job that'll enable me to be in closer touch 

So strongly do l about this job that I'm planning to run the show 10050 by with more operators throughout the world. 

myself. I can't write advertising like a regular advertising man. But I ain't selling radios 

to advertising men, I'm selling them to guys like m yself — radio operators. 

Radio is my life. "When I te anyone, whether an operator or one of those short 
wave guys, or fellows out of the Armed Services — when I tell you I'm going to give you 
the finest equipment with the best personal attention to every letter, inquiry or order— 
then you can be sure that you're going to get it. No matter where you live — here in the 
li.S., or Canada, Mexico, Central and South America — anywhere in the world — I'll see 

to it that your set reaches you in perfect operation — AND FAST. 
Supposing you want a swell little set like the EC-1-A, or the Champion, or the 

Super Defiant. All you have to do is just to let me know, and ru see to it that you get 
what you want when you want it. Yes, and I'm providing for time payments and trade-

rd like you also to know that l'in in lots and lots d other fine products 
things all you fellows need and can use. So, keep in touch -with me, will you? I'm 
promising you the best kind of merchandise, the bee kind of values, and the best kind ins, etc. 

of service. 

3 



Ted McElroy looks over the 
SX28 with Panoramic Adapter, 
as Bill Halligan, President of 
Hallicrafters, describes the 
units. 

Joe Thompson, Hallicrafters 
sales, congratulates Ted Mc-
Elroy on the skning of the 
franchise to oecome " the 
world's most enthusiastic dis-
tributor of Flall:crafters". 

Arc.idedee ept Trnmedeetee Veleceet# f 
lea Plietite, ?keeled/ 

Extremely low-cost Hallicrafter sponsored time payment plan. 
Send me your order now, and I'll ship your set the same day. 

ea,' Mee 
82 BROOKLIINE AVENUE • BOSTON. MASSACHUSETTS 



captacitors 

EXCEL IN 

QUALITY ! 

x j 00 • 2 5 
.25 M10 
20.000 "`" 

THE size varies but the quality of Solar Capacitors is constant. 
From the famous dny "Minicap" dryelectrolytic capacitor to the 

big Solar Type X) high voltage filter capacitor shown, all 

Solar Capacitors are guaranteed "Reliable in Every Climate." 

That they live up to that guarantee is evident in the 

acceptance Solar enjoys throughout the world. 

Type XJ Capacitors range in D.C. voltage ratings from 

6,000 to 25,000. Solar Capacitor Sales Corporation, 
285 Madison Avenue, New York 17, N. Y 

• .111.1 O. TIM 
At. MAY! M..« Sw 

112 



Most popular 

transmitting tube 

TYPE GL-807 

Beam Power Amplifier 

High - vacuum,  owe -amplif 
4- electrode, beam - p r ier 

tube, with heater-type filament. Filament voltage and ratings (CCS) 

current, 6.3 v and 0.90 amp. Max. plate 

are: voltage 600 v, current dissipation 30 0.10 amp; input 60 , dis-

w 

sipation 25 W. Max plate ratings (ICAS) are: voltage 

750 v, current 0.10 amp; input 75 w, W. 
0 

Frequency at max ratings 6 m duce 

egacycles; at red 

ratings  125 megacycles. Gm. 6,000. 

W ELL-KNOWN to ama-

teurs, this versatile Type 

GL-807 G-E tube is used also 

in commercial broadcasting, 

communications, and police 

radio work. The tube is em-

ployed as a power amplifier in 

smaller sets; large transmitteis 

use it for service in their low 

power stages. 

Continuous improvement 

has enabled Type GL-807 to 

meet the ever more rigid re-

quirements of the armed forces. 

Especially is this true of the 

screen current limits, which 

now are lower than before. As 

a result, the tube's usefulnebs 

and application-range are fur-

GENERAL 

thez broadened in its field. 

Ratings above give evidence 

of Type GL-807"s adaptability. 

Here is a leading member of 

the improved G-E family of 

tubes for amateur use on which 

post-war "ham" broadcasting 

will be solidly based! See your 

nearest G-E distributor for 

complete performance data, or 

write to Electronics Department, 

General Electric Company, 

Schenectady 5, New York. 

ELECTRIC 
161-011-01110 

TRANSMITTING, RECEIVING, INDUSTRIAL, SPECIAL PURPOSE 

TUBES • VACUUM SWITCHES AND CAPACITORS 
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114 OMPONENTS HAT eeed 

rsogc 

I C.T.C. TUR 
f• plated brass 
Firmly anchore 
ing operation. 
positive wiring 
fit 1/32", 1/141 
minal boar 
soldering s 

term 
froid 
Mad 
termi 

RMINAL LUGS. Heavily silver 
. A short cut to speedy assembly. 
terminal boards by simple swag-
gs heat quickly, assuring neat, 
wo soldering spaces. Stocked to 

, 3/32", 1/8", 3/16" and 1/4" ter-
cknesses. Also available with single 

IT TERMINAL LUGS are being enthusi-
eceived by manufacturers of transform-
er potted units that require soldering 

g. A .050" hole through the lugs makes 
1 for this type of application. Perfect for 
boards, too, because wiring can be done 
or bottom of the board without drilling. 

f brass, heavily silver plated, to fit 3/32" 
al boards. 

.T.C. DOUBLE END TERMINAL LUGS. Twin ter-
mal posts in a single swaging operation. Per-

electrical contact because both posts are part of 
same lug. Neat, positive wiring from either top 
bottom. These heavily silver plated brass lugs 

re stocked to fit 3/32" terminal boards. 

C.T.C. ALL-SET TERMINAL BOARDS are proving a 
• time-saver in the laboratory and on the assembly 

liné. Just select proper width board and go to work. 
All-Set Terminal Boards are made in 3/32", 1/8" 

and 3/16" linen bakelite in 4 widths — 1/2"; 2" 
(lug row spacing 1 1/2"); 2 1/2" (lug row spacing 
2") and 3" (lug row spacing 2 1/2"). Fit all standard 
resistors and condensers. Boards may be broken in 
fifths by bending on scribed line or used full length. 
Available in sets of any of the 4 widths or in any 
single width in lots of 6 or multiples of 6. 

5C.T.C. HAND PRESSURE SWAGER for quick, firm, 
. uniform swaging of terminal lugs to terminal 

boards. Adjustable to fit all thicknesses of boards. 
Lugs are put in board right side up and may be swaged 
as far as 1 7/8" from edge. Adjustable pressure as-
sures uniform swage. Unit pictured swages all 
C.T.C. standard Turret Lugs. Can be furnished with 
additional anvils and punches to fit C.T.C. Double 
End and Split Lugs. 

6 C.T.C. MATHEMATICALLY DIMENSIONED CRYS-

• TALS. A new C.T.C. development, mathematical 
dimensioning achieves greater accuracy. It assures 
consistent performance—guarantees frequency sta-
bility, high activity and long life in every C.T.C. 
Crystal. 

WRITE FOR C.T.C. CATALOG NO. 100 

It contains complete information on these and other 
C.T.C. radio and electronic components you should 
know about. It's yours for the asking. 

CAMBRIDGE THERMIONIC CORPORATION 
455 CONCORD AVENUE • CAMBRIDGE 38, MASSACHUSETTS 



Constant - intp•danc• 
output attenuators lot 
central of individual 
loud- speakers, 

4--

enohrns — 
'rugged pow_ 
resistors — 4 to 

watts, fixed 
• djustable. 

Plug-in tube type resist-
ors and ballasts. 

Let CLAROSTAT 

Your 

RESISTANCE PROBLEM , 

Wire- wound rheostats 4, and potentiometers in 
widest range of resist-
ances, tapers, taps, etc. 

Above. Composition.element control 
Below Wire- wound power rh•ostert. 

* Just as Clarostat stood 100% behind the radio-electronics 
war effort., so Clarostat is now 100% behind you in your peace-
time activities. * With vastly expanded production facilities; 
with skilled personnel second to none; with rare experience in 
meeting the critical design and production requirements of the 
war, Clarostat can and is offering you extraordinary collab-
oration in the realization of the greatest era of "ham" radio 
and electronic experimentation. * The Clarostat line is ex-
ceptionally complete — especially with the new items. * "Let 
Clarostat solve your resistance problems" with . • • 

Controls .. • 
Composition element Clarostat con-
trols with the stabilized element, es-
tablishing new standards tor this type. 
250 ohms to 5 megohms. Wire-wound 
rheostats and potentiometers. 1/2 to 
100.000 ohms. Choice of tapers, taps, 
shafts, switches. Single or multiple 
units in tandem. Power rheostats in 
25 and 50 watt sizes the toughest 

Resistors . • • 
All types, both standard end special. 
Metal- clad strip resistors. Bakelite' 
molded strip resistors. Voltage di-
viders. Flexible resistors inclucfing 
Glasohms or glass- insulated power re-
sistors and ¡0 -wattage beating ele-
ments. Greenohms the tougher green-
colored cement.coated power resistors 
found in quality assemblies. 

roo. e / 6ed'eid 

2852 N 6th St, Brooklyn, Ni. 

1 
1 

things in their class. Also padders , 
faders, mixers and other controls. Also 
output attenuators, constant- im-
pedance. tor control of individual 
loud-speakers. The most intricate re-
sistance devices designed and made 
to meet extraordinary requirements. 

Resistance Devices . • • 

Tube-type plug-in resistors for AC-DC 
sets, ballasts, line-voltage regulators. 
voltage-dropping power cords, etc. 

Ask Our Jobber . . . 
It your resistance or control requirements 
are conventional, ask your jobber tor stand 
ard Clarostal units. Otherwise, write us 

direct. 
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GET THIS weheogyreere 

MAIL THIS COUPON TODAY 
Section 62-790, Commercial Engineering Department 
Radio Corporation of America 
Harrison, N. J. 

Please send me a copy of the RCA GUIDE FOR TRANSMITTING 
TUBES. I am enclosing 3.5e. 

Name   

Address 

'City  Zone  S..ete   

q 64 
PIGINEERS 

EXPERINIESTIRS 

Irsr..14444. 

SPECIAL CHART FOR 

taaNsmalitto TUBES 
(Air. and Water•Cooled) 

PHOTOTUSES, CATHODE 

tie AND SPECIAL TUSES 

Price 35 Cents 

TO BE SURE YOU GET YOUR COPY 

OF RCA GUIDE FOR TRANSMITTING 

TUBES—AT THE POPULAR PREWAR PRICE 

OF ONLY 35(' — ZLIP AND MAIL 

THIS CONVENIENT ORDER FORM TODAY! 

1111-14114-711 
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roe seamy* me AM/M770# 
Contains helpful information on ratings, 

circuits, basing, and applications of RCA 

transmitting tubes 

No inuvi LIBRARY is complete without the RCA 
GUIDE FOR TRANSMITTING TUBES. 

You need this convenient, practical book because 
it contains just the information you require on 
up-to-the-minute tubes and circuits. 

Originally published in 1939 as the "RCA Ham 
Guide," this book has gone through several edi-
tions and has been eagerly purchased by thou-
sands of hams. 

Only a few thousand copies of the present 
revised edition have been printed. The supply 
is limited—get your copy early! 

Here is a summary of the contents of this 

invaluable book: 

o Photographs, basing diagrams, circuits, com-
plete technical data, and prices of all RCA trans-
mitting tubes of interest to amateurs 

• Tested, economical transmitter circuits de-
signed by radio's foremost engineers 

• Complete instructions for building a u-h-f 
transmitter and other types of equipment 

• Condensed tables giving essential characteris-
tics of RCA transmitting tubes, cathode-ray 
tubes, phototubes, thyratrons, voltage-regulator 
tubes, rectifier tubes, and special amplifiers 

Here, in 72 pages crammed with vital infor-
mation, you have one of the most popular books 
ever published on transmitting tubes—backed 
by all the years of engineering and application 
know-how of the RCA organization. 

CONTENTS 

Technical data, prices, application infor-
mation on transmitting tubes, filter design 
curves. 

Tables giving data, prices, and ratings 
of transmitting tubes, rectifiers, cathode-
ray tubes, phototubes, voltage regulators, 
special amplifiers, and relay tubes. 

General tube and transmitter data—in-
cluding choice of tube types, grid-bias 
considerations, inductance and capacitance 
for tuned circuits, neutralizing, tuning 
Class C r-f amplifiers, how tube ratings 
are determined, interpretation of tube rat-
ings, circuits, mathematical calculations. 
and other vital information. 

How To Build— 

• A variable-frequency oscillator with an 
r-f power output of 10 to 25 watts over a 
frequency range from 1.'15 to 30 mc. 

• The RCA "economy" transmitter with 
70-watt c-w output over frequency range 
from 3.7 to 7.5 mc. 

• The RCA-815 u-h-f transmitter with 30 
to 45 watts phone output over frequency 
range from 15 to 120 mc. 

• The RCA single-control 360-watt trans-
mitter (360 watts input on c-w and 240 
watts input on phone) over frequency 
range from 1.9 to 7.5 mc. 

• The RCA 5-band plate-modulated trans-
mitter with 450 watts input on c-w and 
310 watts input on phone over frequency 
range from 1.7 to 30 mc. 

THE FOUNTAINHEAD OF MODERN TUBE DEVELOPMENT IS RCA 

DO YOU HAVE THESE OTHER RCA PUBLICATIONS? 

Designed to Keep You Up To The Minute in Technical Iniormation. 

RCA HB3 TUBE HANDBOOK -An invaluable, loose-leaf, 
engineering reference book on all RCA tubes— 
transmitting, receiving, cathode-ray, and special 
types. Kept up to date with periodic revisions. Sold 
on subscription basis—write for descriptive folder 
and order form. 

RCA RC-14 RECEIVING-TUBE MANUAL — Data on 340 
different RCA receiving-tube types. 256 pages con-
taining application data, circuits, charts, and sim-
plified tube thedry. Net price $0.25. 

RCA PHOTOTUBES BOOKLET — A clear exposition of 
phototube theory, including data on 15 types, 
curves, and circuits for light-operated relays, light 
measurement, and sound reproduction. Free upon 
request. 

RCA RADIOTRON DESIGNER'S HANDBOOK — Fundamental 
principles of practical circuit design, prepared 
especially for the radio- set designer. Valuable to 
amateurs interested in the subject. Illustrated, and 
contains reference charts, tables, and miscellaneous 
data. Stiff cover. 356 pages. Net price $ 1.00. 

RCA POWER AND SPECIAL-TUBES BOOKLET ITT-100) 
—An illustrated catalog of air- and water-cooled 
transmitting tubes, rectifiers, television tubes, 
phototubes, oscillograph tubes, thyratrons, voltage 
regulators, and special amplifier tubes. Free upon 
request. 

RCA RECEIVING TUBES AND ALL/ED SPECIAL-PURPOSE 
TYPES BOOKLET (1275-131 —Characteristics and socket 
connections of 327 receiving types and 38 allied 
types. Free upon request. 

All of these publications are available from RCA tube distributors, or direct 
from Radio Corporation of America. Write Commercial Engineering Depart-
ment, Section 62-79Q, Harrison, N. J. 

@ RADIO CORPORATION OF AMERICA 
TUBE DIVISION • HARRISON, N. J. 



MS 710 has all features de. 

scribed but less resonator and 

less built • In key. Amateur 

net price   

MS 710R with resonator but 

less built•In key. Amateur 

net price   

MS 710P with built-in key 

but less resonator. Amateur 

net peke   

MS 710PR DeLuxe Master 

Oscillatone with all features 

Including resonator and built. 

in key. Amateur net prier 

90C 

10.50 

11.50 

13.00 

' NNOUNCES THE NEW 
CODE PRACTICE - 

OSCILLATONES 
ADJUSTABLE RESONATOR'. 

for 

Here is the last word in code prac ice 
Oscillatones. New Adjustable Resonator 
(optional) increases volume five times. Tone 
frequency variable from 600 to 1500 cycles. 
Volume controllable from 0 to FULL ON. 
-PM - DYNAMIC speaker may be discon-
nected during headphone operation if de-
sired. Up to 300 head phones may be used. 
Has phone jack for headphones. Optional 
built•in key. Absolutely safe. No shocks. 
Clean cut. chirpless keying. Operates on 

110 V. AC or DC. Uses 
1 1 7N7GT tube. Gray 
crackle finish metal case. 

ere NOW IN STOCK AT ALL LEADING 

RADIO DISTRIBUTORS 

LEG CLAMP HAND KEY 
Made to Signal Corps 

specifications. Sprint 

metal band fits thigh 

nf leg comfortably 

Folds Inc compact 

parking. With 5 ft. 

rubber covered cord 

and plug. Model 

1.45: Amateur gio 
Net Price... "we Fully adjustable. M oriel 

Amateur Net Price  

PROFESSIONAL SPEED KEY 
D 

World's Chain. 

Pion R a il e ri 

Telegrapher. 

r ay wrinkle 

finish and 

p olished 

chrome. Silver 

contact points. 

éP 6 75 
Nino- points nf adjustment 

MO. Amateur Net Prier 

DELUXE SPEED KEY 
Finest •• bug 

available 

Chrome finishei 

base and super 

structure. 

Selected blur 

steel springs 

lye uniform 

per f or marine. 

Silver contacts. 

Model CP 975 

MODEL 200 HAND KEY 

circuit 

Amateur 

closing switch. 

Net Price   

Built in profes-

sional standaards. 

Coin silver eon-

tarts. Accurately 

machined beur. 

inn screws. Black 

r ack le finish 

metal base with 

Model 200; 225 

STANDARD HAND KEY 

• 
Made in Signal Corps specificatenns. 

coin silver contacts. Silver plated 

Bakelite base. Very smooth operatinn. 

Model 1-37; Amateur Net Price   

Solid 

lever. 

18° Amateur Net Price 

DELUXE HAND KEY 
Finished It 

polished chrom, 

and nickel. 3 16' 

diameter contacts 

adjustable for ten. 

spacing a n 

b ear i n position 

Circuit closing switch M ndel 300; 345 

E LEC _Jiltdas 
12 SOUTH GREEN ST. CHICAGO 7, ILLINOI 
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\IIE NIMBLE 

BIRNBACH RADIO CO., Inc. 

Sincz 1923 
• Birnbach has won top recog-

nition by specializing exclusively 

in file engineering, design and 

manufa  of 

CERAMIC—PORCELAIN 

& STEATIITE INSULATORS 

also in the manufacture 

of RADIO HARDWARE 

and ANTENNAS 

We also carry a complete 

line of WIRES, 

CABLES & HOOK-UP 

WIRES 

Birnbach products continue to win 

top honors for uniformly depend-

able performance. 

Send for your copy 

of our Catalog H-46 

14S HUDSON ST. NEW YORK, N. Y., U. S. A. 



QUALITY STACO RELAYS 
No. MR- 11 • Miniature relay, 
3/16" fine silver SPOT con-
tacts, 110-volt AC coil, $ 1.59 
net. MR-7 is 6- volt AC model 
at same price. 

No. MW-2 • Miniature re-
lay 2500-ohm coil operates on 
12 ma., 3 16" fine silver 
DPDT contacts, $2.70 net. 
MRD-5 for 7.5-ma. operation 
and MRD-6 for 6- volt DC are 
$3.60 and $2.70 respec-
tively. MRD-11 for 110-volt 
AC and MRD-7 for 6-volt AC 
are each $3.00. 

No. 0A-2 • Overload relay, 
adjustable for 250-500 ma., 
operating and reset coils are 
110-volt AC, 3/16" fine silver 
SPOT contacts $4.50 net. 
0A-5 is 110-volt AC model 
for 500-1000 ma. range. Other 
models for 6-volt DC and 6-volt 
AC and for either range are all 
priced at $4.50 net. 

No. ABA • Antenna change-
over relay, 3,16" fine silver 
DPDT contacts, 110- volt AC 
coil, $3.00 net. Type ABD for 
6-volt DC operation, $ 3.00. 
Types AMA ( 110-volt AC) and 
AMO (6-volt DC) Mycalex in-
sulated are $4.00 net. Other 
R.F. Relays, SPST and DPST are 
available at from $2.10 to 
$3.00. 

No. TD- 11 • Time delay 
relay, room temperature com-
pensator, adjustable delay 
from 5 seconds to 1 minute, 
110-volt AC operation, $6.45 
net. Model TD-4 for 15 sec-
onds to 45 seconds delay and 
less compensator, $4.50 net. 

No. CMA-1013 • Sensitive 
power relay, will control 1 HP 
on 115-volt AC or 11/2  HP on 
230-volt AC, 10,000-ohm coil, 
will operate on 6 ma. DC, 
SPOT Snap action contacts. 
$5.25 net. Otner SPOT models 
from $3.73 to $ 5.25. DPDT 
models from $6.00 to $7.50. 

No. MSA • Mercury switch re-
lay, wnl handle 1/4  HP motor or 
its equivalent, in addition to the 
SPST mercury contacts there is 

SPST ( double break) 3/16" 
fine silver contact set, 110-volt 
AC coil, $3.75 net. Models 
MSA-6 (6- volt AC) and 
MSD-6 (6-volt DC) are also 
(wadable at $3.75. 

No. MR-2 • Miniature relay, 
2500-ohm coil, operates on 6 
ma., SPOT contacts are 3/ 16" 
fine silver, $ 1.50 net. MR-3 
(5000-ohm) and MR-6 (6- volt 
DC) are $2.10 and $ 1.50 
respectively. 

No. LEA • Latching relay, 
electrical reset, 110-volt AC 
coils, 3/16" fine silver SPOT 
contacts, $3.75 net. LEA-6 
for 6-volt AC and LED for 
6-volt DC are also $3.75 
each. 

No. KBA • Keying relay, high 
speed operating, 3/16' SPST 
(double break) fine silver con-
tacts, 110-volt AC coil, $2.10 
net. Models KBD for 6-volt DC 
and KBA-6 for 6-volt AC are 
available at the same price. 

No. SBA • Break-in relay, 
four-pole (DPDT, SPST ( nor-
mally open) and SPST (nor-
mally closed), 3/16" fine silver 
contacts, 110-volt AC coil, 
$4.20 net. Type BBD for 6-volt 
DC operation is $4.20. Types 
BMA ( 110-volt AC) and BMD 
(6-volt DC) Mycalex insulated 
are $6.00 net. 

No. T63F • Communication 
relay, one break and one make 
contact sets, 3/16" fine silver 
contacts, 6300-ohm coil oper-
ates on 1/10 watts, $3.30 net. 
T 10G-10,000-ohm coil— 
$3.30, T4OF — 4000-ohm 
coil —$3.15, 110E— I 000-
ohm coh—$2.45. T25E — 
250-ohm coil—$2.55. 

No. PMA-1 • Power relay, 
will control 1 HP motor on 115-
volt AC or 11/2  HP on 230-volt 
AC, 110-volt AC coil, SPOT 
snap action contacts, $4.05 
net. Models PMC-1 (6-volt 
AC) and PMD-1 ( 6-volt DC) 
ore available at $4.05 DPDT 
models of above, PMA-2 ( 110-
volt AC), PMC-2 ( 6-volt AC) 
and PMD-2 ( 6-volt DC) are 
each $6.00. 

No. 5R- 50C • Sensitive elec-
tronic relay, 12-milliwatt oper-
ation, will control 150-watt 
non-inductive load, SPOT fine 
silver contacts, 5000-ohm coil, 
pickup at 1.55 ma., $ 5.00 
net. Relays with coil resistances 
of 50, 100, 250, 500, 1000, 
and 2000 ohms are available 
and priced at $4.50. 

See Your Jobber or Write for New Catalog 

STANDARD ELECTRICAL PRODUCTS CO. 
404 LINDEN AVENUE • • • DAYTON 3, OHIO 

W9HA AND W9KFD ARE ALWAYS READY TO HELP ON HAM PROBLEMS, SEND THEM IN 
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NEW 800 page Buyers e•-•*° 

eovi tee 
Guide? You can obtain one \CA 
without charge— write oLC. 

EACI3Ce today. 
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YES— for more than twenty years Amateurs in all parts of 
the world have relied on us for all their equipment. As 
authorized Factory Distributors for all leading manufacturers, we carry only the best and the newest Receivers , Trans. 
miners, Parts, etc. 

Our years of experience, our tremendous stock, and, above 
all, our sincere desire to render friendly and helpful service make Harrison your most satisfactory source for all your 

requirements. 

Your orders ore welcomed. They will be quickly filled at the 

very lowest Amateur prices.  

May we serve you? 
73 de 

BILL HARRISON, W2AVA 

A postcard will put you on the list to receive mailings of 
"Harrison Has It"— our bulletins of New Items, Hard-to-get 
Gear, and "Harrison Specials"—those famous money-saving 
values! Send it now. *Just write "H H I"I 
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ÁRRISON RADIO CORPORATION 
12 WEST BROADWAY • NEW YORK CITY 7 

BARCLAY 7-9854 

JAMAICA BRANCH — 172-31 Hillside Ave. — REPUBLIC 9-4102 



Frank J. Hajek, Pres. 

W9ECA 

ilittateaw 
For Amateurs — by Amateurs — that expresses 
Taylor Tubes basic policy in a nutshell. Since our 
beginning, our main efforts have been to develop 
tubes that would give " More Watts Per Dollar" 

to Amateur Radio Operators. Of course, we do 

have countless tubes in Broadcast and Police Radio 

Transmitters and in many industrial and medical 
units, but our main efforts have been, and always 
will be, "good old ham radio." Taylor Tubes 
pioneered new standards of tube values with such 

tubes as the 866 Jr., 866A, T-20—TZ-20, T-40—TZ-40, T-55, T-200 
and others. Taylor Tubes inaugurated a generous 
replacement policy and was first to give Hams a 

complete transmitter manual. You can count on 
continued leadership by Taylor Tubes. 

FREE FOR THE ASKING! 

New Taylor Tube Manual gives full information on all 
Taylor Tubes and has 32 pages of valuable technical 

data. Get one at your Radio Parts Distributor 
or write to us. 

"MORE WATTS PER DOLLAR" 

Rex L. Munger, Sales Mgr. 

W9L IP 
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Radio Communications 

... a Symbol of Dependability 
with Amateurs Everywhere! 

Superlative quality, advanced engineering and efficient 

performance— that rare combination of cll tha: is best in 

radio, reaches the summit of satisfaction in communication 

Products bearing the Howard Radio name. 

You can be sure that Howard products for the future will 

in every wcy reflect the same skills and craftsmanship 

that have for years made them favorites with Amateurs 

throughout the entire world. 

HOWARD RADIO compnny 
1731-35 BELMONT AVE • CHICAGO 13, ILL. 

9ffeneieieej«fhJfÀ)ef4oe&o4ettee& 
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Jtcmly. lot XcimA,! 
QUARTZ CRYSTAL AMATEUR KIT* 

3 CRYSTAL BLANKS ( TC — made to 

Army Air Corps Specifications) approxi-

mately 2 parts Drift, Operative 7,000, 
14,000, and 28,000 kc. 

1 BAG ABRASIVE for grinding crystals 

to desired frequency together with folder 

of instructions for most efficient method of 
grinding crystals. 

2 HOLDERS complete with both regular 

electrodes and springs and two additional 

sets of electrodes. 

Additional crystals, holders and electrodes 
may be secured 

Complete ONLY $100 
Postpaid 

* Quality guaranteed by a Com-
pany that has made more than 
2,000,000 crystals for the Armed 
Forces. We are able to make this 
offer only because this is surplus 
material. 

PRODUCTS COMPANY 

USE THIS ORDER BLANK BEFORE SUPPLY IS EXHAUSTED 

CRYSTAL PRODUCTS, INC. 
1519 McGee, Kansas City, Mo. 

Send me  Quartz Crystal Amateur Kits as advertised, Postpaid. D Cash En-

closed. D C.O.D. 

NAME 

ADDRESS 

CITY - STATE 
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UHT 
BINDERS 

Those who take pride in the appearance of their lay-out 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 beauti-
ful 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 accommo-
dates 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 1927 through 1947. 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. 
Back copies are generally available— list will be sent upon request. 

Binder Price 
$ .$0 each 

po stpa id 

Available only in ti S 

and Possessions 



The standard ele-

mentary guide for the prospective 

amateur. Features equipment which, al-

though simple in construction, conforms in 

every detail to present practices. The apparatus 

is of a thoroughly practical type capable of giving 

long and satisfactory service— while at the same 

time it can be built at a minimum of expense. The design 

's such that a high degree of flexibility is secured, 

making the various units fit into the more elaborate 

station layouts which inevitably result as the amateur 

progresses. Complete operating instructions and 

references to sources of detailed information on 

licensing procedure are given. 

25c 
Postpaid Anywhere 

tegle‘etG 

This booklet is designed to 

train students to handle code skillfully and 
with precision, both in sending and in receiv-

ing. Employing a novel system of code-learn-

\\\\ Ye/ ing based on the accepted method of sound 
conception, it is particularly excellent for the 

,,, student who does not have the continuous help of 

an experienced operator or access to a code 

machine. It is similarly helpful home-study material 
for members of code classes. Adequcte practice 

material is included for classwork as well as 

for home-study. There are also helpful data 
on high-speed operation, typewriter copy, 
general operating information— and an en-

tire chapter on tone sources for code practice, in-

cluding the description of a complete code instruc-
tion table with practice oscillator. 

To obtain an 
amateur operator's li-

cense you must pass a gov-
ernment 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 difficult. In addition to a large 
amount of general information, it con-
tains questions and answers such as are 
asked in the government examina-
tions. If you know the answers to the 
questions in this book, you can pass 
the examination without trouble. 

25c 
Postpaid Anywhere 

01 V 

25c 
Postpaid Anywhere 



THE 

OFFICIAL MAGAZINE 

OF THE 

AMERICAN RADIO RELAY LEAGUE 

QST faithfully and adequately reports each month the rapid 

development 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 equipment 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 $ 2.50 per year in the United States and Possessions. 

All other countries $ 3.00 per year. Elsewhere in this book will be found 

an application blank for A.R.R.L. membership. 

For thirtyone 

years ( and 
therebytheoldest (e) 
American radio 
magazine) QST 

has been the 

"bible" of Amateur 
( 

Radio. 
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In keeping with its policy of 

providing all services within its 

power, The American Radio Relay 

League makes available to amateurs 

and would-be amateurs literature prop-

erly prepared to present in the best form 

all available information pertaining to ama-

teur radio. The fact that its offices are the 

national and international headquarters of radio 

amateurs, makes League publications authoritative, 

complete, up-to-the-minute; written from a thoroughly 

practical amateur's point-of-view. These publications are 

frequently revised and augmented to keep abreast of the 

fast-changing field. At this time they will be found par-

ticularly adaptable for radio training purposes. 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 

CONNECTICUT 

iIiIiliIiF 
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A com-
prehensive manual of antenna de-

sign and construction, by the head-
quarters staff of the American Radio 

Relay League. Eighteen chapters, profusely 
illustrated. Both the theory and the practice 
of all types of antennas used by the amateur, 
from simple doublets to malti-element rotaries, 
including long wires, rhomboids, vees, phased 
systems, v.h.f. systems, etc. Feed systems and 
their adjustment. Construcron of masts, lines 
and rotating mechanisms. The most compre-
hensive and reliable information ever 
published on the subject. 

" Amateurs are 
„...;..-..-.- noted for their ingenuity 
' in overcoming by clever 
- means the minor and major ob-

stacles they meet in their pursuit of their 
chosen hobby. An amateur must be re-

sourceful and a good tinkerer. He must be 
able to make a small amount of money do a Ih------ great deal for him. He must frequently be able 

to utilize the contents of the junk box rather than 
buy new equipment. Hints and Kinks is a compila-

tion, 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 

50c 
Postpaid 

The Story 
of Amateur Radio, by 

Clinton B. DeSoto—a detailed, 
accurate presentation in full book 
length of all the elements that have 
served to develop the most unique 
institution of its kind in the history of the 
world.A book of history butnot a history-
book, TWO HUNDRED METERS AND 
DOWN: The Story of Amateur Radio tells 
in spirited, dramatic fashion the entire 
chain of significant events in the develop-
ment of the art. 

Approximately 200 pages, 90,000 
words, with durable imitation leather 
red paper cover 

$1.00 
Postpaid 

Deluxe edition bound 
in blue cloth 

$2.00 
Postpaid 



The latest 

edition of THE 
RADIO AMATEUR'S 
HANDBOOK is postwar 
in content, containing 688 
pages of the kind of information which has 
made the HANDBOOK world-famous. To 
maintain the high standard of practical usefulness set by 
previous editions, a new treatment of the constructional sec-
tions of the HANDBOOK has been accomplished. The theory and 
design sections cover every subject encountered in practical radio 
communication. Completely sectionalized by topics with abundant 
cross-referencing, and fully indexed. The HANDBOOK continues to 
be the world's most valuable and widely-used radio book. 

S Postpaid in 1 
Continental 
U. S. A. 

$1.50 Postpaid Elsewhere 

Buckram Bound $2.00 

50c 
Postpaid Anywhere 

The objective in preparing this course was to accent those principles 
-nost frequently applied in actual radio communication. "A Course 
In Radio Fundamentals" is a study guide, examination book and 
laboratory manual. Its text is based on the "Radio Amateur's 
Handbook." Either the special edition prepared during the 
war for training purposes or the Standard Edition may be 
used. References contained in the " Course" are in both 
editions. As a text, this book greatly smooths the way 
for the student of the technicalities of radio. It 
contains interesting study assignments, experi-
ments and examination questions for either 
class or individual instruction. It de-
scribes in detail 40 experiments 
with simple apparatus giving a 
complete practical 
knowledge of radio 
theory and 
design. 



Aware of 
the practi-

cal 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 difficJIt mathematical work 

involved in the design and construction of radio equipment. The lightning 
calculators are ingenious devices 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 amateurs, engineers, 
servicemen and experimenters. Their accuracy is more than adequate for the 

solution of practica t 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 d viding or multiplying 
simple numbers. They are printed in several colors. You will find lightning calculators 
the most useful gadgets you ever owned. 

RADIO CALCULATOR 
TYPE A 

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 circu:t. It has two scales for physi-
cal dimensions of coils from one-half inch to five and one-
half inches in diameter and from one-quarter to ten inzhes 
in length, a frequency scale from 400 kilocycles through 
150 megacycles, a wavelength scale from two to 600 me-
ters; a capacity scale from 3 -to 1,000 micro-microfarads; 
two inductance scales with o range of from one micro. 
henry through 1,500; a turns-per-inch scale to cover 
enameled or single silk covered wire from 12 to 35 
gouge, 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 instruc-
tions on the back of Me 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 'he amateur will have in de-

signing—from high-powered transmitters 
down to simple receivers. Gives the direct 

reading. answers for these problems 
with accuracy well within the toler-

ances of practical construction. 

$1.00 
Postpaid 

OHM'S LAW CALCULATOR 
TYPE 8 

This calculator has four scabs: 

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 coliection ot scale, calculations 
may be made involving voltige, current, and resistance, 

and can be made with a single setting of a dial. The 

power or voltage or current or resistance in any cir-
cuit can be found easily if any two are known. This is 

a newly-designed Type B Calculator which is more 
accurate and simpler toute 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 equipmen:. 

$1.00 
Postpaid 



STATION OPERATING S 

LOG BOOK 

As can be seen in the illustration, the log page provides space for all facts pertaining 
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, six 
pages of general log information (prefixes, etc.) 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 printed on back, for traffic handlers, is included with each book. 

354* per book or 3 books for eel 

rhe operating supplies 
shown on this page have 
been designed by the 
A.R.R.L. Communications 

Department. 

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, 8'/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 em-
body the same design as the 
radiogram blank and are avail-
able in two styles — on stamped 
government postcard, 2c each; 
unstamped, lc each. 
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MEMBERSHIP 

STATIONERY 
Members stationery is standard 81/2 x 11 bond 
paper which every member should be proud to use 
For his radio correspondence. Lithographed on 81/2 x 
11 paper. 

100 Sheets, 50e 250 Sheets, 81.00 

500 Sheets, $1.75 
POSTPAID 

In the January, 1920 issue of OSTthere 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, an insignia he could wear proudly wher-
ever he went. There was need for such a device. The post-war boom of amateur 
radio brought thousands of new amateurs on the air, many of whom were neigh-

bors but did not know each other. In the July, 1920 issue the design was announced 
— the familiar diamond that greets you everywhere in Ham Radio — adopted by 
the Board of Directors at its annual meeting. It met with universal acceptance and 
use. For years it has been the unchallenged emblem of amateur radio, found wher-
ever amateurs gathered, a symbol of the traditional greatness of that which we call 
Amateur Spirit — treasured, revered, idealized. 

THE LEAGUE EMBLEM, with both gold border and 
lettering, and with black enamel background, is avail-
able in either pin (with safety clasp) or screw-back but-
ton type. 

In addition, there are special colors for Communica-
tions Department appointees. 
• Red enameled background for the SCM. 
• Blue enameled background for the ORS or OPS. 
THE EMBLEM CUT: A mounted printing electro-

type, %" high, for use by members on amateur printed 
matter, letterheads, cards, etc. 

EACH, 
IPJF ir POSTPAID 

Stationery and Emblems are avail-
able only to A.R.R.L. Member; 
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The QAmerican 

Radio Relay League 

4 

T
HE American Radio Relay League, Inc., is a non-
commercial association of radio amateurs, bonded 
for the promotion of interest in amateur radio 

communication and experimentation, for the relaying of 
messages by radio, for the advancement of the radio art 

and of the public welfare, for the representation of the 
radio amateur in legislative matters, and for the main-

tenance of fraternalism and a high standard of conduct. 
It is an incorporated association without capital 

stock, chartered under the laws of Connecticut. Its affairs 

are governed by a Board of Directors, elected every 
two years by the general membership. The officers are 
elected or appointed by the Directors. The League is 

non-commercial and no one commercially engaged in 
the manufacture, sale or rental of radio apparatus is 

eligible to membership on its board. 
"Of, by and for the amateur," it numbers within its 

ranks practically every worth-while amateur in the nation 
and has a history of glorious achievement as the standard-

bearer in amateur affairs. 

Inquiries regarding membership are solicited. A 

bona fide interest in amateur radio is the only essential 
qualification; ownership of a transmitting station and 

knowledge of the code are not prerequisite. 

tMembership tApplication 
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Application lorMeinieràflip 

AMEnIcAi ittoio RELAY LEAGUE 
Administrative Headquarterx: ...tÉ Hartford 7, Conn., U. S. A. 

  194. 

AMERICAN RADIO RELAY LEAGUE, 
West Hartford, Conn., U. S. A. 

Being genuinely interested in Amateur Radio, I 
hereby apply for membership in the American Radio 
Relay League, and enclose $2.50 ($3.00 in foreign 
countries) in payment of one year's dues,* $1.25 of 
which is for a subscription to QST for the same period  
Please begin my subscription with the  

issue. 

The call of my station is  

The class of my operator's license is  

I belong to the following radio societies  

Send my Certificate of Membership El or Membership 

— Card D (indicate which) to the address below: 

Name  

AI a fide interest in amateur radio is the only essential require-

¡Hid full voting membership is granted only to licensed radio 

;iiisal eurs of the United States and lunada. Therefore, if you have 

a license, please be sure to indicate it above. 

r *The dues are $2.50 per year in the United States 1 
L and Possessions. All other countries $3.00 per year. j 
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II  
To Manufacturers of 

Products Used in Short-Wave 

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-third an-
nual edition, it is used universally by radio engineers 
as well as the thousands of amateurs and experiment-
ers for whom it is published. Year after year, each 
succeeding edition has sold more widely than its 
predecessor, until the Handbook now has a world-
wide annual distribution in excess of two hundred 
thousand copies of its English and Spanish editions. 
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 . . . 

American Radio Relay League 
WEST HARTFORD 7, CONNECTICUT 

 II 
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ALCO has been awarded 
for the fifth time the 
Army-Nary " E" Award 
for continued excellence 
in quantity and quells' 
of essential warproduction. 

I!J .Mcàd 
TRADE MARK REG. U.S. PAT. OFFICE 

CERAMIC INSULATORS,--

Side by side with the brilliant achievements in radio 
communications has been the development of ALSIMAG 

Steatite bodies of extremely low dielectric loss, together 

with high mechanical strength and rigidity— assuring 

constancy under any operation condition. 

AMERICAN LAVA CORPORATION 
CHATTANOOGA 5, TENNESSEE 

43RD YEAR OF CERAMIC LEADERSHIP 
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THE AMATEUR'S BOOKSHELF 
A balanced selection of good technical books, additional to the ARRL publications, should be 

on every amateur's bookshelf. We have arranged, for the convenience of our readers, 

to handle through the ARRL Book Department those works which we believe to be most 

useful. Make your selection from the following, add to it from time to time, and acquire the 

habit of study for improvement. Prices quoted include postage. Please remit with order. 

Theory and Principles 

BASIC RADIO PRINCIPLES,by M. G. Suffern. 
Elementary rodio principles, circuits and 
components described in simple practical lan-
guage, without mathematics. 271 pages, 
.11ustrated. 1943 $3.00 

BASIC ELECTRICITY FOR COMMUNICA-
TIONS, by W. H. Timbie. A practical treat-
ment of the electrical principles which underlie 
communications, circuits and practice. 603 
pages, illustrated. 1943 *3.50 

RADIO ENGINEERS' HANDBOOK, by 
F. E. Termon. Broad scope and detailed 
treatment make this book serve both as text 
and reference handbook. 1019 pages, illus-
trated. 1943 $6.00 

RADIO ENGINEERING HANDBOOK, Keith 
Henney, Editor. An authoritative handbook for 
engineers, with technical dato on all fields and 
aspects of rodio, contributed by 23 specialists. 
945 pages, illustrated. 1941  $5.00 

ULTRA-HIGH-FREQUENCY RADIO ENGI-
NEERING, by W. L. Emery. Written for engi-
neering students, this book provides an ex-
cellent transition treatment for amateurs. 295 
pages, illustrated. 1944 $3.25 

COMMUNICATION CIRCUITS, by Wore 
end Reed. From low- frequency transmission 
line and network theory, this volume leads the 
student into wave guides and advanced u.h.f. 
techniques. 330 pages, illustrated. 2nd edition, 
1944 $3.50 

PRINCIPLES OF RADIO, by Keith Henney. 
A medium-level text covering both electrical 
and radio fundamentals, particularly written 
for home study. 549 pages, illustrated. 4th 
edition, 1942 $3.50 

BASIC RADIO, by J. Barton Hoag. A com-
plete treatment of the circuits used in radio, 
television and electronics apparatus, including 
up-to-date applications. 380 pages, illus-
trated. 1942 $3.25 

Engineering and Reference 

PRINCIPLES OF ELECTRON TUBES, by H. 
J. Reich. A condensed but complete treatment 
of the theory, characteristics and applications 
of electron tubes. 398 pages. 1941... $3.50 

COMMUNICATION ENGINEERING, by 
W. L Everitt. Complete treatment of network 
theory, including mathematical analysis of 
radio circuits and tube operation. 727 pages 
411 illustrations. 1937 $5.00 

• 

HYPER AND ULTRA-HIGH FREQUENCY 
ENGINEERING, by Sarbacher and Edson. A 
digest of published literature covering all 
phases of technique from 30 Mc. to 10,000 
Mc. 644 pages, illustrated. 1943.... $5.50 

FIELDS AND WAVES IN MODERN RADIO, 
by Remo and Whinnery. An extensive theoreti-
cal treatment of field and wave theory, re-
quiring a knowledge of engineering mathe-
matics. Revealing and important. 502 pages, 
i Ilustrated. 1944 $5.00 

FUNDAMENTALS OF RADIO COMMUNI-
CATIONS, by A. R. Frey. A more advanced 
treatment requiring previous background. 
Authoritative, clearly written, well organized. 
393 pages, illustrated. 1944 $4.00 

INTRODUCTION TO MICROWAVES, by 
Simon Remo. A non- mathematical description 
of concepts necessary to on understanding cf 
microwave phenomena. 138 pages, illustrated. 
1945 $1.75 

RADIO ENGINEERING, by F. E. Termer,. A 
comprehensive treatment covering all phases 
of radio communication. An all-around book 
for students and engineers. 813 pages, Illus-
trated. 2nd edition, 1937 $5.50 

FREQUENCY MODULATION, by August 
Hund. An advanced engineering text on f.m., 
presenting both theory and practice. 375 
pages, illustrated 1942 $4.00 

PRINCIPLES OF TELEVISION ENGI-
NEERING, by D. G. Fink. Information on the 
fundamental processes of television technique, 
with design data and descriptions of 
modern equipment. 541 pages, illustrated. 
1940 $5.00 

MICROWAVE TRANSMISSION, by J. C. 
Slater. A comprehensive treatment cf prin-
ciples and techniques employed in the region 
between 300 and 3000 Mc. For the ad-
vanced student or engineer. 309 pages, 
illustrated. 1942 $3.50 

Experiments and Measurements 

MEASUREMENTS IN RADIO ENGINEER-
ING, by F. E. Terman. A comprehensive engi-
neering treatment of the measurement prob-
lems encountered in engineering practice, 
with emphasis on basic principles. 400 pages, 
illustrated. 1935 $4.00 

RADIO FREQUENCY ELECTRICAL MEAS-
UREMENTS, by H. A. Brown. A laboratory 
course in r.f. measurements for communications 
students. Contains practical information on 
methods. 384 pages, illustrated. Second 
edition, 1938 $4.00 

EXPERIMENTS IN ELECTRONICS AND 
COMMUNICATION ENGINEERING, by 
Schulz and Anderson. A laboratory text de-
scribing 108 experiments covering all aspects 
of radio and electronic fields. 380 pages. 
1943 $3.00 

Commercial Equipment and Operating 

HOW TO PASS RADIO LICENSE EXAM-
INATIONS, by C. E. Drew. Gives answers 
and explanations for the paraphrased ques-
tions in the FCC study guide, covering all six 
elements of the commercial examination. 320 
pages, illustrated. 2nd edition, 1944.. $3.00 

MATHEMATICS ESSENTIAL TO ELEC-

TRICITY AND RADIO, by Cooke and Orleans. 

ro.ides the essentials of algebra, geometry 

and trigonometry needed to solve everyday 

PRACTICAL RADIO COMMUNICATION, 
by Nilson and Hornung. Covers basic prin-
ciples and technical requirements in the com-
mercial fields— broadcasting, police, aviation 
and marine communication. 927 pages, illus-
trated. 2nd edition, 1943 $6.00 

Miscellaneous 

problems, with practical examples. 418 

pages, illustrated. 1943 $3.00 

PRINCIPLES AND PRACTICE OF RADIO 
SERVICING, by H. J. Hicks. Receiver circuit 

THE RADIO MANUAL, by G. E. Sterling. An 
excellent practical handbook, invaluable tc 
the commercial and broadcast operator and 
engineer. Covers principles, methods and 
apparatus of all phases of radio. 666 pages, 
illustrated. 2nd edition, 1938 $6.00 

fundamentals and their application to general 

service practice. Covers modern testing equip-

ment and business principles in servicing. 391 

pages, illustrated. 1943 $3.50 

THE AMERICAN RADIO RELAY LEAGUE, INC. • WEST HARTFORD 7, CONNECTICUT 
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Microphones 
Engineered by 

Answer Everyday 
Sound Problems 

Poly-Directional with 
Adjustable Polar Pattern 

The vers-atilehighfidelit, Cardak 
is readily adjustable to reduce 
any combination of reflected 
sound. Cuts reverberation or 
random noise pick-up .. mini-
mizes acoustic feedback. For 
broadcasting, recording, public 
address. communications. 

Model 725— Cardais L U.S. . $55 
Model 730—Cordak II. List $75 

No finer choice than 

Maximum Intelligibility 
Under Extreme Noise 

Hand-Held, close-talking single 
button carbon *DIFFEREN-
TIAL microphone for all speech 
transmission in any noisy, windy, 
wet or extremely hot or cold lo-
cations. Cancels out background 
noise. Articulation is at least 
97'",-, under quiet conditions, and 
88' under a 115 db noise field. 
Model 205-S. List Price $25 
1PAINs_.2,310_,010_ _ _ 14  

General-Purpose Dynamic 
for Voice and Music 

Widely used because of its de-
pendable all-around perform-
ance. Excellent frequency re-
sponse for both indoor and out-
door speech and music pick-up. 
Rugged, small size, light weight. 
High output. Suitable for public 
address, dispatching, paging, re-
cording and remote broadcast. 
Model 630-C. List Price $30 

Corner of E-V "Lob" 
One of our Quality-Con. 
trol units used in testing 
clos•-talking micro-
phones. Harmonic distor-
tion, frequency response, 
positional response (for, 
carbons) level, etc., are 
carefully analyzed. Cal-
ibration is effected by 
Bell Laboratory stand-
ards and our own recip-
rocity checks. 

1 

Higher Articulation 
with Less Fatigue 

Moving coil, hand-held Dynamic 
microphone for high fidelity 
speech transmission. Uniform 
response, free from peaks, in the 
useful frequendes gives higher 
articulation, provides more us-
able power level, and is less 
fatiguing to the listener. For out-
door or indoor use. 
Model 600-D. Dynamic. List $27.50 
Model 210-S. Carbon. List.. $ 17.50 

Velocity High Fidelity 
Bi-Directional Sound Pick- Up 

Wide, flat frequency response, 
hi-directional polar pattern, high 
fidelity characteristics, wide-
angle front pick-up, and pick-up 
range make it ideal for solo, 
orchestra, or chorus, for single 
speaker or groups. For indoor 
P.A., broadcasting, recording. 

Model V- 1-C. Lid Price. $3a 
Model V-2. List Price 837.50 
Model V-3. List Price $50 j 

SEND FOR COMPLETE CATALOG 

Gives valuable data on Electro-Voice 
Microphones for communications, pub-
lic address, broadcasting and record-
ing. Includes helpful Reference Level 
Conversion Chart. 

Authorized Dittribuiers Everywhere 

g iter.'WeleCZ 
MICROPHONES 

GUARANTEE 

The E-V models shown 
here are guaranteed 
forever against de-
fects in workmanship 
and material. 

ELECTRO-VOIRE, INC.. 1239 South Bend Are, South Bend 24,1ndiano * Export Divitien: 13 East 40th St, New York 16, N. Y., U. S. A.--.Cablesr Aright 
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EVERY 

"COMPLETE" 

TRANSMITTER SHOULD 

HAVE A POWERSTAT 
VARIABLE VOLTAGE TRANSFORMER 

- - 

POWERSTAT 
VARIABLE 

TRANSFORMER 

FILAMENT 
TRANSFORMER--

FILAMENT VOLTAGE CONTROL 

Peak operating efficiency of your 
transmitter can only be obtained by 
maximum performance of its power TYPE 116 
supply. The POWERSTAT is a Variable 
Voltage Transformer designed to deliver any output voltage from 

TYPE 20 zero to line voltage or above without circuit interruption. 

This POWERSTAT in the primary of your plate, grid, or filament power supply will enable you 

to...Tune up the rig at low powers eliminating danger of tank condenser arc overs, tube over - 
loads and meter burnouts...QS0 at any power level up to maximum...Smoothly adjust bias 
voltage for maximum efficiency without shutting down...Set filament voltage to rated value 
protecting emission characteristics with resulting increase in tube life... Boost your line volt. 
age if low or reduce it if too high. 

POWERSTAT Variable 
Transformer type 20 ( for 
panel mounting) rated: 
Input: 115 volts, 50/60 
cycles 
Output: 0 - 135 volts, 3.0 
amperes max. 
POWERSTAT Variable 
Transformer type 116U (for 
panel mounting) rated: 
Inpu.t:.1,15 volts, 50/60 
cycles 
Output: 0 - 135 volts, 7.5 
amperes max. 

POWERSTAT Variable 
Transformer type 116 
This unit is electrically the 
same as type 116U but 
equipped with cord and 
plug, on- off switch, output 
receptacle and enclosure. 
Ideal for experimental use 
in the shack. 

PLATE VOLTAGE CONTROL 

Send for Bulletin L A 
TYPE 116U 

SUOR E Or ClIFR I C C elliP A 
12 LAUREL STREET - BRISTOL • - CONNECTICUT 

MIMIUKED BY LEADING DISTRIBUTORS IN THE UNITED STATES AND CANADA 
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ACTUAL SIZE 

Tite 

WESTIINE CRYSTAL 
erfected through four years of war pro-

duction, the Westline crystal is as fine as 
modern technology can produce. 

Every blank is precisely orientated by 
X-ray and polaroid, assuring a low drift 
crystal. Drift is less than 1 cycle/mc/°F. 
Each is dimensioned to produce highest ac-
tivity. Each is finished to exact frequency 
and specially treated to prevent its changing 
frequency or activity with use. 

Amateur crystals are available in the 40, 80, and 160 
meter bands or to multiply into any higher frequency ama-
teur band. The price is $3.50 complete with holder,* supplied 
within 1 kc of frequency you specify with frequency stamped 
to nearest 100 cycles. Holder plugs into either 8 prong or 
5 prong socket. Holder dimensions are 13'" x 13/16" x 
7/16". Each crystal carries an unconditional money back 
guarantee. Send your orders for whatever crystals you want, 
specifying frequency. Shipment will be made the day order is 
received — shipment C.O.D. if you wish. 

We can promptly supply commercial and special crystals 
of any type in any quantities. Tell us what you want — ask 
us to quote prices. 

Bob Henry offers his record of seventeen years service to 
amateur radio as your guarantee of 100% satisfaction. 

Send your orders and inquiries to Henry Radio, Butler, 

Missouri, or to Henry Radio, Los Angeles 25, California. 

*Price subject so change without notice. 

HENRY RADIO 
BUTLER, MO., and LOS ANGELES 25, CALIF. 

"WORLD'S LARGEST DISTRIBUTOR OF SHORT WAVE RECEIVERS" 
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BROADCAST EQUIPMENT 
Illustrated at left is a JOHNSON 
Directional Antenna Phasing 
Unit, an Antenna Coupling Unit 
and a Variable Pressure 
Condenser. 

These are representative of the 
popular JOHNSON products widely 
used by Commercial Broadcast 
stations. 

Write if you need specific 
information 



JOHNSON variable condensers are rigidly constructed and engineered to meet exacting require-
ments of amateur, commercial broadcast and industrial applications. They are the choice of 
amateurs who demand the highest quality and latest in condenser design. 

In JOHNSON condensers there are many superior features, which help assure top performance 
of equipment in which they are employed. 

There is a JOHNSON condenser for every stage of the amateur transmitter from oscillator 
through the final amplifier. 

JOHNSON tube sockets have been known for more than twenty years as a top line. New sockets 
are being added continually to the JOHNSON line, keeping it always up to date. 

JOHNSON'S superior mechanical and electrical design never fails to meet the rigid requirements 
of present day radio-electronic circuits and equipment. 

The complete line of .JOHNSON sockets meet every amateur tube socket requirement. JOHNSON 
standard and "special ' sockets are also supplied for a wide variety of commercial broadcast and 
industrial applications. 

JOHNSON insulators are designed to obtain great mechanical strength and high breakdown 
voltages. 

Materials used in the manufacture of JOHNSON insulators are selected after laboratory tests 
prove conclusively that they meet all of JOHNSON'S rigid specifications. 

The JOHNSON line includes stand-off cone, thru-panel, antennas, feeder and strain insulators. 
There's a JOHNSON insulator for every amateur need and you will be more than satisfied with 
the performance of JOHNSON insulators. 

JOHNSON inductors and chokes are available in popular standard types for amateur radio re-
quirements and special types are available to meet any broadcast or industrial application. 

The famous JOHNSON rotating coil and tube socket, "HI Q", inductors are designed for op-
timum LC ratios on all bands. A special highly glazed low-loss electrical porcelain is used for 
the coil forms, which are ribbed to assure minimum contact between the wire and insulating 
form. 

JOHNSON RF chokes are uniformly flat in response and are equally effective over the entire 
range for which they are designed. 

JOHNSON Hardware Items are manufactured from high grade materials and quality work-
manship. 

The JOHNSON line includes the following items: couplings, tube caps, plugs and jacks, inductor 
clips, soldering terminals, tube locking clamps, panel bearing, flexible shafts, fuse clips, handle 
indicators, cable connectors, pilot and dial lights. 

JOHNSON parts can be obtained from radio-electronic parts Jobbers, or write directly for 
further information about JOHNSON components and assemblies. 

Send for the 
latestJOHNSON 

Catalog — 
Dept. P 

E. F. Johnson Co. 
Waseca, Minn. 

JOIINSO 
i-amoui name in )2adia 

E. F. JOHNSON COMPANY • WASECA • MINNESOTA 



ORDER YOUR NEW 

Communications Receiver 
NOW from ALLIED 
7. sa,ze„ea vetateuf 

Available on Time- Payments 

Trade-ins Accepted 
BE ONE OF THE FIRST to own and 
enjoy one of these celebrated receivers. 
All models cover amateur, short-wave, 
and broadcast bands. War-proved features 
. . . plus latest engineering developments. 
Allied is a leader in the distribution of 
communications receivers. Orders are filled 
in turn. Place your order now. 

HALLICRAFTERS SX-28A 

550 kc. to 42 Mc. continuous in 6 bands. Accurately 
calibrated tuning dial. Separate calibrated bandspread 
dial. Two r.f. stages. Lamb type 3 stage adjustable 
noise limiter. 6 position i.f. and crystal filter selectivity 
switch. Oscillator temperature compensated. 
Net 

Other well-known receivers such as: 

Hollicrofters SX-25 i 94.50 
Hollicrotters 5-2011 .. S 60.00 
HollIcrafters S-39 . . 1110.00 
HoIlicroBers 5-36A _ 5415.00 
PM23 Speaker .....__ 1, 15.00 
Echophone EC-1A ___ L 29.50 

Net, F.O.B. Chicago 
(All puce) sublet-) to pootble c han?) 

ALLIED; 
RADIO; 
Everything in Radio & Electronics 

833 W. Jackson Blvd. • Chicago, III. L City 

$223 
$1.5.00 

NATIONAL NC-2-40C 

490 kc. to 30 Mc. range in 6 bands. Accurate single 
chal control. Temperature compensation. Automatic 
voltage stabilization. Adjustable series- valve- noise 
limiter. Flexible crystal filter. Phonograph or high level 
microphone pick-up jack. Net..._ $225 
Speaker in matching cabinet, net__ -$15.00 

HAMNIARLUND HO- 129X 
Full range .54 to 31 Mc. accurately calibrated. 4 cali-
brated Ham bands and I arbitrary scale. Variable selec-
tivity crystal filter. Low drift beat oscillator for code 
and locating stations. Antenna compensator. Voltage 
regulation. Compensated oscillator to reduce drift dur-
ing warm-up. Automatic noise limiter. 

Net  $129 
Speaker, net_ $10.50 

ALLIED RADIO CORP., L. M. Dezettel W9SEW 
833 W. Jackson Blvd., Dep•. 10-46 
Chicago 7, Illinois. 

D Please ship Model 

D Enclosed $ D Full Payment D Part Payment 
(Balance C.O.D.) 

ID- Send literature on Receivers and Time Payment Plan. 

C Send Allied Catalog of Radio Parts and Equipment. 

Name 

Address. 

Zone___State 
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FOR STILL BETTER 

etal-case paper capacitors in 
idest range of containers, ter-
inals. mot.ntings, capad i les. 
filages. combinations. These 
pac.tors g ve your " rig" ilia, 
'ofessional touch, while pro 
ding the super-duper zer 
rmance and life you wan. 

ou build cn a solid founcation 
,hen you select Aerovox Type 
09" rectargularean oil ° spank 

Altheugh mass•produced 
ir lowest cost, these quality 
nits are built fo , tough going 
nd lonqert service. Cho.ce of 
iountIngs. Voltage ratings 
Yam 600 to 7500 D.C.W.. Hlgh 
oltage leak proof terminals. 

Dependable orgh-freguency 
la's can best ne handled with 
these heavy-duty fterovox 
'tucas. Avalla.ole in oskelite 
metal and ceiramle cases, in 
c u.ding the stack moantine 
units. Current- rating data al 
v-srious frequencies can prove 
invaluable in Your engmmering. 

They're aval able agi.in those 
leavy-duty metal can, %erovor 
e.lectrolytics. Widest selection 
of cans. mot.ntings, erminals 
zapacities. wattages, combine 
tions. Positi•ely the cutstand 
mg choice Today. And when 
compactness and leveest ces 
are prime requisites. itere are 
the midget-can "Dandees" and 
Type PBS cardboard case units, 

• The Aerovox line offers you a greater selec-

tion of capacitor types than ever befo:e. Yes, 

capacitors that were special before- those extra-

heavy-duty types you envied in commercial 
X-mitting "rigs" and definitely too high-priced 
for your pocketbook are now a,,ailable to you 
and at within-reach prices. 

The latest Aerovox catalog contains many new 

Elul,. branded 

For ullira-hie-tregueney work. 
the-e are Ae•orox loa lass 
capac tors . urch as Type 1360 
her.. show-n.. Aluminum can. 
Mica- aisc ed tenmie al. 
Rat nos up lit 101.000 test volts 
effort ve. . 0.0008 to .000125 mid. 
There's also rype 1865 with 
cerseric-ineultsted terminal snd 
cas. . lumieu -n case. Refried 
sulonur dielectria. 

Dc you you wan o make your own 
capezitor bank: or ccenbina 
heave? Type UC uncas•d paper 
sections are she answer. These 
ccmdfacl paper sections, are 
thoreughlY mgregnmed and 
sealed in darniehed-paper jack 
eta. and have long pigtail leads. 
Mount then— and case them as 
you wish Here's the most pa-
per capae.tsnce for the money: 

Xerovoce molded En-br.kelite 
mica capa.:itors as. eve, able in 
vo ! age ridings up to 10.400 test. 
irlse in widest rsece of mount-
togs, terminals. Teter mount-
'tag brie_kets, we to cerarnic 
mounting washers. etc. Aero• 
wear selection certifnly is at its 
test In these mclded—n-bake-
Lte. mica capacitors.. 

,e,11 

roe war made keroyox more 
space.:o.nsc eus than e-'er. Type 
04 miriatture oïl-fited transmit-
ing cspacitor as 1,, pical. Single 
iilar e-mir al. Ccounoted case. 
Fing matintMg 2030 v. There's 
also 'type 2 with two pillar 
oarminalls and lobed cover 
2000 to 7500 w. E.C.W. Here's 
}igh-s.ebtage irsurance in mini 
mum built and at 6mpultar prices. 

as well as earlier types. And for your extra-special 
_requirements, your Aeroeox jobber can tell you 

what's available beyond the listings in the Gen-
eral catalog. 

• 
Consult your Aercit.ox jobber. He can tell you what types 

to use for that " rig." Ask for our latest catalog. Also ask 

for a free subscription to the Aerovox Research Worker. 

Or write us direct. 

rnerci-zndisa! And loot yellow label! 

FOR RADIO-ELECTRONIC AND 

INDUSTRIAL APPLICATIONS 

°VOX CORPORATION, NEW BEDFCRO, MASS., II S.A. 

Att PIIIIICIPAL ciors • ( spilt 13 E. MI ST.. Mt. 1855 16 M. T. 

• lo Catada ACROVOX CSNADA LTD, Hammett. Ott 
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\The Plytube 50 ft:HAM-MAST" 
The Plytube HAM-MAST is the answer to the need of amateurs and ex-
perimenters for a strong, light-weight compact mast that can be used for 

portable or permanent installations. It is designed for U.H.F. or V.H.F. 
antennas and with slight modification can be adapted for F.M. and 
Television reception. 

This is the same type high quality mast that was used during the war, 
by the thousands, in Army, Navy and Coast Guard installations. Com-
plete with erection kit for only $ 98.50. 

The most is made up of four sections which telescope into a bundle 
14 3- long. Each most is supplied with two sets of guy wires, with four 
anchors, ci base plate with four spikes, and an erection kit consisting of a 
boom, bobm shoe, top collar, rope vangs, block and tackle and 

boom anchor. 

SPEEDY ERECTION — Two men can erect 
'sese Plytube Hatn-Most'• in 15 minutes. 

WEATHER PROOF — Withstands wind 

velocities of 100 , m.p.h., extreme temper-
atures and weathei conditions. 

PORTABLE — Dessountable, compac. and 

light weIght (most 24 lbs. — fittings 4 1 lbs. 
— erection kit 15 lbs..) 

Top: 
Most in place easily and 

securely erected.' 

Bottom: 
Assembly of Nested Mast and 

fittings ready for erection 

0 if1415PITMOLD C0111.011ATION Mat. 

PLYMOLD CORP. 

Plef" 
Lawre c e • Mass.   

LOW MAINTENANCE COST — No paint-

ing required. 

NON-METALLIC — Made of exterior grade 

plywood — no interference. 

Complete with 
erection kit 

F. O. B. 
LAW PENCE 

MASS. 
Prices subiect to O.P.A. approval 

"We ler• 
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Amateurs like to work 
their rigs hard— over-
load power tubes to get 
more output. Raytheon 
tubes stand up under 
such conditions—because 
they're built to operate 
well beyond their 
minimum performance 
standards, as described 
by ratings or Army-
Navy specifications. 

Remember the first 
power pentodes? They 
were built by Raytheon. 
And now Raytheon is 
ready to go back to work 
for amateurs ... provid-
ing you with tubes of 
newdesign,built to keep 
you on the air. " 

Stay on the air wi 

RAYTHEON 
Tubes 

RAYTHEON 
MANUFACTURING COMPANY 

WALTHAM 54. MASS. 

AMATEUR RADIO ' VISION 

(.'t-relfrnee elecitenira 



WRL TRANSMITTER KITS 
Leo has the transmitter kit you want at the price you want to pay ... 
15, 35, 70, 150 watts. Also units custom built to your specifications. 

QUALITY RECEIVERS 
The best in receivers from all manufacturers, at OPA prices ... ready for 
quick delivery to you. Use your present receiver for trade-in or as a 
down payment on a new set. 

Liberal trade-in allowance C ient terms — always the lowest in 
the country. 

Exclusive at Leo's' . . . 
Our latest Flyer . .. packed with the latest in 
radio parts . . the kind you've been looking 
for  FREE 

Handy Tube-Base Calculator that tells you in 

a ¡ iffy tube characteristics which enable you 
to substitute available tubes for those you 

can't get 25c 

Giant Radio Reference Map with time and 

amateur zones, standard and short wave sta-
tions, and other valuable information. Printed 
in colors. Size 31/2  x 41/2  feet Only 15c 

For Quick Service 
On Everything 

In Radio 

Pedro,/ 

Everything 

FOR THE HAM 

Today, as always, our stock of parts, re-
ceivers, transmitters, and general electroni: 
equipment is the most complete you'll find 
Amateurs and radiomen the nation over ap-
preciate our quick, personalized service 
Write Leo, W9GFQ, today and be the 
FIRST with the LATEST. We invite inquiries fo' 

special equipment of all kinds. 

We specialize in Hallicrafters equipment. 
Available now for immediate shipment. 

Address Leo, W9GFQ, Dept. H-46 

WHOLESALE RADIO LABORATORIES 
744 West Broadway. Council Bluffs, Iowa 
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"FOR GREAT 

ACHIEVEMENT' 

eeceiniC gitlededetYtel 

FOR ALL FREQUENCIES- ALL VOLTAGES-ALL TEMPERATURES 

Stureicote lleireneik S'eah 

r RADE MARK 337960 REGISTERED IS 1.1 S. PATENT OFFICE 

\ 

KOVAR* The ideal 

alloy for sealing 

to glass. 

• 

GLASS TO METAL 

HERMETIC SEALS 

STUPAKOFF CERAMIC AND MANUFACTURING CO., LATROBE, PA. 



Two big NEW stores well stocdkeb y 

d 

to serve your needs and staffe help solve 

people who know and can  

your problems. 

LATEST MODELS 
WELL-KNOWN 
RECEIVERS 

LATEST MODEL RECEIVERS NOW AVAILABLE 

HAMMARLUND HALLICRAFTERS 

HQ- 129X (with tubes)  

ASPC-210X  

ASP-210SX  

$129.00 

318.00 

318.00 

Available for rack mounting 

al SaMe priCeS 

NC-2-40C and speaker  

GET YOUR NAME ON OUR MAILING LIST 

Be first to get announcements of merchandise 
available, special bargains, etc., etc. Send 
name and address on post card. State whether 
amateur, engineer school, industrial or service-
man. Address orders and inquiries to Dept H 
at NEWARK store nearest you. 

ALL PRICES SUBJECT TO 

CHANGE WITHOUT NOTICE 

150 

115 111 W 45n‘ 
NEW YOR1119 
BRyant 9 4135 
Rdolph GtoSS) 

$240.00 

SX-28A Super Skyrider with crystal, less 
speaker  

S-20R Sky Champion with built-in 
speaker  

S-22R Skyrider Marine with built-in 
speaker  

SX-25 Super Defiant with crystal, less 
speaker  

S-39 Sky Ranger portable, AC, DC 
and battery  

SX-36 FM AM receiser  
S-3' V.H.F. FM AM receiser  
PM- 23 10" PM speaker in cabinet for 

use with SX-25, SX-28A  

RME-45 and speaker  

$223.00 

60.00 

74.50 

94.50 

110.00 
415.00 
591.75 

15.00 

S I 66,00 

N e a r flargie„. OMPan 
--cis 6w AtatIlson St. 

CHICAGO 6 
DEArboin 0083 
I Sam Punchy) 

"Dependable Servoce 
Is the Foundation, 
of One BUSine55 



H AMS • . . here are all the things 

you've been waiting for in NEW-

ARK'S two big stores. Order from the 
you for fast service• 

store nearest  

THORDARSON TRANSFORMERS 
(Power Transformers and Chokes) 

T-45556 or T-92R21 leads out of 

side, 778 v. C.T. at 200 MA. 115 N. 

60 Cycle 6.3 v. C.T. at 5A. 5 v. at 

30 amp. 9 lbs.  

T- 13C30 8H. 150 MA. 200 ohm 

1600 v. Insulation 2Y4 lbs   

T-4557 or T-74C29 leads out of 

side. 15H. 150 MA. 200 ohm 2000 

v. Insulation 53.¡ lbs   

$5.29 

SHOP NEWARK 
FOR 

BIG BARGAINS 

Western Electric Micro Ammeters 
Bakelite case fits 334 hole. Radium dial 
150-0-150. Can be used with 0-200 micro 
and amp scale listed below. 
Excellent as a 5,000 ohmi-per-
volt meter or null, sound level 
and galvanometer indicator. 
Instructions included. 

No priority required... $7.50 
0-200 paper scale for above  $.15 

GENERAL ELECTRIC METERS 
0-500 D.C. MA. 2- round Bakelite 
case  $3.50 

0-8 RF ammeter, 2' . round Bake-
2.82 lite case  4.00 

The famous Newark bargain oil-filled, oil-impregnated 

FILTER CONDENSERS 

Capacity 
mfd. 

5 mfd. 

8 mfd. 
.25 mfd. 

10 mfd. 

15 mfd. 
6 mfd. 

8 mfd. 

2 mfd. and 
4 mfd. 

FULLY GUARANTEED AT RATED VOLTAGES 

Working 
Voltage Height Vidth Depth 

1500 V. D.C. 2',. 13; 

2000 V. D.C. 4 33 4 

'2 2000 V. D.C. 4 344 
2000 V. D.C. 334 134 
Special porcelain Insulators 
3000 V. D.C. 4;: s 33¡ 

3000 V. D.C. 4 ,4 43 s 
3000 V. D.C. 6's 6'2 
with mounting feet 
width included mounting feet 
3000 V. D.C. 73 s 61., 

600 V. metal Can 47 11 

11 4 
'It OZ. 
1 lb. 
4 OZ. 
2' 3 lb. 
6 or.. 

3' 4 3 lb. 
8 oz. 

37- 5 lb. 
5 lb. 
6 oz. 

3', 7 lb. 
4 oz. 
14 oz. 11 4 

in. Price 

S .79 

2.15 
2. 75 
.69 

4.75 
5.25 

3.25 

3.95 
.80 

GET YOUR NAME ON OUR MAILING LIST 

Be first to get announcements of merchandise 
available, special bargains, etc., etc. Send 
name and address on post card. State whether 
amateur, engineer, school, industrial or service-
man. Address orders and inquiries to Dept. H 
at NEWARK store nearest you. 

ALL PRICES SUBJECT TO 

CHANGE WITHOUT NOTICE 

115111 Vi 450 St. 
NEW YORK 19 

Sittant 9.4135 
(Moe Vet) 

o 
Newarkarre ompantt c-14-1-C-i•Ge 323 VI Stidlson St. 

tlitC1160 6 

Orlarbots 0083 
Sam Peelle() 

"Dependable Set-cue 
Is the Foundation 
of Our Business 
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P-306 0 HI S- 30E-AB 

P-101-1/4" S- I01 

S-2406 SB 

*wadi 

Barrier Terminal St:rip 

300 SERIES PLUGS ADD SOCKETS 
A high quality line of small Plugs and Sockets 
adaptable to a thousand uses. Made in 2 to 33 
contacts and designed for 45 volts at 5 amperes. 
All Plugs and Sockets are Polarized. Knife switch 
socket contacts are of Phosphor Bronze, cad-
mium plated. Bar type plug contacts are of Brass, 
cadmium plated. Body of molded Bakelite. 

2400 SERIES PLUGS ADD SOCKETS 
Fulfill practically every requirement in Public Ad-
dress, Radio and kindred fields. Designed for highest 
electrical and mechanical efficiency. Made in 2, 4, 6, 
8, 10 and 12 contacts. Designed for 110 volts at 10 am-
peres. All Plugs and Sockets are Polarized. Knife 
switch socket contacts are of Phosphor Bronze, cad-
mium plated. Bar type plug contacts are Hard Brass, 
cadmium plated. Body of molded Bakelite. Steel Caps 
have baked black crackel enamel finish. 

500 SERIES PLUGS ADD SOCKETS 
(NOT ILLUSTRATED) 

Heavy Duty Series designed for 5,000 volts at 
25 amperes. Made in 2 to 12 contacts. Polarized. 
Molded Bakelite body. Parkerized Steel Brack-
ets and Caps. Send for No. 500 catalog now. 

SHIELDED PLUGS ADD SOCKETS 
Low loss plugs and sockets suitable for high fre-
quency circuits. Ideal for antenna connections, pho-
to-cell work, microphone connections, etc. Can be 
furnished with 1/4 ", .290", ,'„", 3/8" or 1/2" ferrule for 
cable entrance. Knurled nut securely fastens units 
together. All metal parts are of brass, suitably 
plated to meet Navy specifications. No. 101 Series. 

TERminn STRIPS 
Barrier type Terminal Strips as illustrated are most 
popular and not only improve electrical connections, 
but add to the appearance. Made in 6 series to cover 
every requirement. Hundreds of standard types of 
Terminal Strips available. Also fuse mounts. 

Carried in stock by all leading jobbers. Send today 
for catalog No. 14 showing complete line of products. F
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SPLIT- HAIR ACCURACY 

IS IN DEMAND TODAY 

What little "rule-of-thumb" thinking there was 

in the electronic and radio fields five years 

ago has been swept away by war's scientific 

demands. 

Accurate test and measurement equipment 

is a vitally necessary part of the future, not 

only of commercial and industrial electronic 

applications, but in every "ham" radio as well. 

Brief, technical specifications of most -1.7p-

instruments are shown on these pages. 

Write for your copy of the -hp- catalog 

which gives much valuable information about 

electronic AF measurements and the instru-

ments with which to make them. No obligation. 

titeer 
HEWLETT- PACKARD\COMPANY 
BOX 945 • STATION A • PALO ALTO, CALIFORNIA 

400A—Vacuum Tube Voltmeter 

945 

9 LABOR ATOR 
INSTRU- 
MENT 

FUNC- 
TION QUENCY FRE- CALIBRATION 

2110-A 
Rmidence- 
Tuned Audio 
(Medal« 

35 ea 
to 

36 kc 

Dial Seale- 55-350 cp. 
Calibration Points - 48 

Renee- 3 ( 1.10. 100 time dial calibration 

2.4 Residence- 
Tuned Audio 
Odilletor 

20 me 
to 

20 ke 

DIal Scale - 20-200 cm 
Calibretion points 41 

Rmle•- 3 ( 1. 10. 100 Om. dial calibratio 

Resistance- 
Tuned 

0.01110100 200 

20 um 
le 
kg 

01.1 Sule- 20-200 cgs 
Callbretion Pointe- AI 

Ranyea-.1 ( I. 10. loe 1000 times dial call 

2011-1) 
Resistance- 

Tuned 
(Wilmer 

7 eye 
to 

70 lte 

Dial Scale- 7-70 Ces 
Calibration Points 78 

Range. 4 1. 10. 100. 1000 times dial call 

Diel Stele 7-70 cps Calibration Pointe 
Ranges -41.10.100. 1000 time. aim calior 
Diel Seale A- 2-50 cps Calibration Points 

2112-13 
Ileeietence. 

Tuned 
OmIlletor 

2 ma 
to 

70 kc 

2110-1 

Resistance- 
Tuned Spread 
Scale Audio 
Oscillator 

.. 
• 4•• 
to 
6 ke 

Did Seele-Al- 6-20 cps Calibration Points 
R•nlles 3 1. 10. 100 times 0411 calibrati 

Dial Scale B - 20-60 cps Calibration Points 
Ihnit“ 3 Il. 10. 100 times dial caliber 

2110.A 

206-AG 

204-AH 

Resietance-
Tuned Audio 

Signal 
Gardrater 

Redolence-
Tuned Audio 
Signal Gen- 

orator with 44 
db Voltmeter 

Resistance- 
Tuned Signal 
Generator 

00 RR 
to 

20 k. 

Dial Scale - 20.200 we 
Celibration Points 00 

R•nte•- 3 I. 10. 100 time. owl calibreti 

20 cps 
to 

20 ke 

Dial Seale 20-200 cps 
Calibration points 80 

R•nem- 3 11. 10. 100 times dial calibesti 

1 ke 
to 

100 kc 

Dial Scale- 1-10 kc 
Calibration Points - 130 

Ranges 1 • 1. 10 times dial calibration) 

INSTRU- 
MENT 

FUNCTION FREQUENCY ACCURACY 

100-A 
Low 

Frequency 
Stenderd 

Output 
100 kei 10 Itc. I ke. 100 clIs 

*0.01% over morn I 
variation et 23 C 

lin)-B 
Low 

Frequency 
Standard 

Output - 
100 kc. 10 kc. 1 kc. 100 cos 

*0.0019c hem 
elf, C to* sr C 

110-41 
semi 
Were 

Generator 

Input-
20 es to 100 Id ."21)«ett et.oirli: 

310-A 
dermonle 

Were Analyser 
Memedernent Ranee- 

30 Rule 11 kc 
Frequency - -±3 

Whims overall-- 

Dletortion 
Analyser 

Measures at- 
400 roe entl 6 ke 

Led theni4,4 
lei distortions a 30% or 

Distortion 
Analyzer 

Moamar« et- 
50 Me. 100 Me. 400 Rd. 1 ke- 

6 Itc. and 7.4 Mc 

Lou then 159 
rat distortions or NM 

325-8 

..._ 

Noise end 
DiModlon 
Analyser 

Moultrie et- 
30 es. 60 toe. 100 cp.. 400 
ms; 1 ke, 6 Cc. 2.5 Id. 15 kc 

Voltmeter Orden-
Dletortion - Lees Run 
iat amnion et 30%. or 

3684 At1104•101. 

Eatli Reim,-
Reeponee-

MM,. IMO -100 kc Error et IN he 
10 In 60 db 

4111-A 
Vacuum 

met Volt Tube er 

MOINIIIPOTINIt Range- 
III cue to 1 mc 

10 CM to 100 ke-
1111 ke to 1 ote-

Eledrenk 
Frequency 
Meter 

Meemeretnent Range-
6 coe to 60 kc 
in 10 M OM 

eire of lull mete 1 

Electronic 
Teeheemer 

An Elecherde Frequenvi Meter end • Tecteorneter 
«Minted to lemur@ epee& op to 3.1111.010 RPM. 

"ACC- Resistance - Tuned Audio Oscillator 500A - Llectronic Frequency Meter 

Arlitaar 



NSTRUMENTS FOR SPEED AND ACCURACY 

QUENCY RESPONSE 

decibel. 20 Ms to 15 kr 

decibel, 20 cps to 15 m 

decibel. 20 ego lo 150 ke 

decibel. 7 cps to 70 ke 

1 decibel. 7 me lo 70 kc 
2 decibels. 2 cps to 7 em 

1 decibel. 6 cps to 6 he 

own 2.0 decible. al 20 Me 
town 1.0 dociblo at 20 kc 

at Ittli outPut 

sloe down 2.0 db at 20 cps 
1.0 db at 20 la at full output. 
Her within *0 2 db of 400 CPS 

ref. from 20 em to 20 kr 
- 

STABILITY 

1.2% 

02% 

1/9t eir*1% 
with 

Standardization 

*29t «±1% 
with 

Standardization 

le* ±1% 
with 

Standardiration 

from 10 kc rel. 1 kc to 100 kr *1% tater hour 
at full output warnsup 

ACCURACY 
OF CALI-
BRATION 

*296 

POWER 
OUTPUT INTO 
RATED LOAD 

watts 

*2% 

100 milliwatt• 

100 milks:en. 

wefts 

LOAD IMPEDANCE 

MO ohms 

500 ohms 

1000 ohms 

1000 ohm* 

1000 ohm. 

1000 ohm. 

50. 200. 500. 5000 Ohms 
all Pt) 

Generator 50. 200. 500. 5000 
ohms all et, 

Voltmeter 5000 ohms Irend 
Impedance 

50 20 500 5000 ohms 
et 

DISTORTION 
AT RATED 
OUTPUT 

lem than 1% 

Imo then 1% 

Iota the, 1% 
20 Me• lo 20 ke 

km than 0% 
10 Ms to 261 ke 

lam than 2% 
7 eg• to 70 kc 

lee. than 1% 
It cps le 0 ke 

HUM LEVEL BELOW 
RATED OUTPUT 

00db 

60 db 

60 db 

00 db 

60 db 

60db 

lam than 1% 60 db below output or 
30 mee to 20 ke 31) dh heir'« eon) level, 
at rated output whichever is larger 

POWER 
REQUIRE-
MENTS 

I IS volt. 
50-60 eye 
50 watt. 

Length. 15 mg 
Height. 8 In.. 
Death. 3 ins. 
Weight. 32 Rm. 

Length. 16 ina 
115 volt. Height. One. 
" 'Tr Depth. 9 ins. 
" woiahr 32 lbe. 

Length. IS int. 
115 smts Hoipht. 5 ins. 
50-60 qt. Dec00 910e. 
60 mstfs Weight. 30 

leg than 1% 60 db below output or 
30 eye to 25 kc 30 db below zero lewd 
at ratod Output whichever kluge, 

— Length. 17 In. 
115 volt. Heiphl. St. Irm. 
59-60 trx Depth. 11 Int. 
60 «01. Weight. 32 lb.. 

. Length. 17 
115 volts 1.1qiem. 

9-60 4.* Dann. 11 in.. 
60 worts Weight. 32 lbs. 

LHeenigghth, 
5011560eo4l % 

Depth. 11 km. 
60 won. Weight. nip.. 

Length. 21% 

ra• llSirt,t, Height. l0/. Ins. 
50525-OR watt wOM...thht.:1470'sibi.na. 

115 volts 
&MO oro 
125 watts 

le« than 65 db below outpu, 
164 at I wall 65 db below sero level. 
1'h at 5 watts whichever I. larger 

115 soils 
50-60 ere 
125 mall 

ite: 
Depth. 14%, 
Weight. 73 lbs. 

Length. 21t • ins. 
Height. 11*. Ins. 
Depth. 14% in. 
Weight. 63 lb.. 

VOLTAGE IMPEDANCE MISCELLANEOUS CHARACTERISTICS 
POWER 

REQUIRE-
MENTS 

SIZE 

Clutput-5 volt. Into 1030 ohmo 

°ohm -8 cone Into 1000 ohms 

Load - Not loos than 1000 ohms 

Load- not lost than 1000 Mute 

Input-min. 2; leo.. 209 
y peak to peak on open circuit 

25.000 otum 
Internal - Each ode. 500 elk. te lemma 

Wave Shape Sinumidol - 
total diMortion not more than 4% on men circuit 

Wam Shops Sinusoidal 
total distortion not more than 4% on open circuit 

Wore Shapo-Squara It mierasmond to 90* ot maximum) 
Attanuatm -70 db In 9 db Moo 

Ingue-1 an to 500 

Input- 1110 

Mu. Input-100 y 

Voltmeter Mouteremont 
Rani.- .01 Y in 300 Y In9 r•nmi 
tallen min. input lo tor . 1% dlotottIM 
Ise min. input .003 volt. toe lull wee. 

Mmimum Input-90 

MeaeuresoM Range-
.01 s to 300 n InS ransom 

Input -$.5 y in 200 

Inpet-200.0011 ohms 

115 volts 
50-60 eye 
100 wont 

115 volts 
60-60 Mx 
10.3 went 

115 »Ito 
50-10 eYe 
85 watts 

Variable Selectivity 
at 44db down from roomettes j mac soleetivity le 50 op• 

I min. ulectIvily Is 146 CH 1 
Dial Calibration Points 52 

Analyzer Input 20.000 ohms 
Detect°. Input Should be not less 

than 100 000 ohms 

Analyser Input 20.000 ohms 
Defector Input Should be nol leu 

limn 100.000 ohm. 

115 sotto 
WM Me 
1116 web 

Max. Attenuation: Fundamental mom, than 50 db C190 
Second and higher lurmonie• laaa them 5* 

Fero-Tuned to nominal frequermim within .5% (non-edkeetoblo) 
Attenuator 70 db in 1 db Maps 

Max. Attenuation: Fundamental more than 60 00 1.1%, 
Second and higher harmonics Iow than 5% 

511toro-Tunod to nominal frequencies within 15% ( nerwediutikble) 
Attenuator 70 db in 1 db stops 

Mes. Attenuation: Fundamental more than 60 db 1.1%) 
Second and higher harmonics lam than 0% 116 Yona 

nityni-Tuned to nominal frequencies within iSql , edgeotelohe _I%) 50-60 or. 
Voltmeter Average Reading . calibrated in 65 mete 

rm. volts and in db above • 1 mw. 600 ohm lose  

Anoka« Irmit-
200.050 ninny ohented by agree) 34 km« 

Voltmeter Input 
1 mien. ( min.) shunted by appro.. 32 minttl 

input- 600 ohm.- one side grounded 
Output --600 ohm- ono aide grounded 

motem Muntod bY Mama. 16 maid 

Input-50.000 ohm. 

Attenuation-- 110 db in I db Mega 

VolIntoter-Morage Reading (calibrated in now volt. and In 
db gave 1 now. 100 ohm Weal) 

116 yony 
or4 

40 net. 

Length. 17'y ins.-
115 solta Hsjgat, as:. my. 
We Me Death. 11% in. 

«et. WMght. 28  

Separate External Attadtmorta-
1. Photociin input (1.1i rnYtiteil) 
2. Estarline-Antim I mil. 1400 Mat 

Automatic Record« 1)m-lt IsuMMIO 

L.ngth.3101 Ins. 
HeigM. 11./. 
Depth. 14 Im-
Wright. 63 lb. 
Length. 21% low. 
Height. 11% Ins. 
Depth. 14 km 
WeigM. 53 Iba. 

Length. 16 in.. 
Height. Slog. 
Depth. 9 km. 
Wright. 30 

Length. 21% ina. 
Height. 24 live. 
Devil, 14% km, 
Weight. 75 

Length. 13 Ina. 
Hesght. lina. 
Depth. 8 In.. 
We.ohe is It. 
Length. 13 Mx 
Height. 3 ins. 
Depth. 8 Ina 
Weight. 171/211. 

Length. 21% ha 
Height. 11% lea. 
Depth. 14 inn 
weight, 66 be. 

Length. tin.. 
Height. 5 Io. 
Depth. 4'  
Woight. 4 lbw 

Length 7l y --
Height. 9' I loo 

Weight. 15 lbs. 

3258— Noise and Distortion Analyzer 205AG — Audio Signal Generator 100A— Secondary Frequency Standard 



NEW SOLDERING GUN 
SPEED IRON READY FOR USE IN 5 SECONDS 

NEEDED BY AMATEURS, EXPERIMENTERS, SERVICE MEN 

W ITH the new Speed Iron you 

will solder faster and better than you ever 

have before. You can make a soldered elec-

trical connection or change it easier than you 

ever imagined possible. 

Heat is provided by a heavy current at low 

voltage from the compact built-in trans-

former. Current flows through the copper loop 

soldering--generates heat in the tip. Loop 

and tip come up to temperature because cur-

rent flows through them. The trigger switch 

gives soldering heat in 5 seconds—when 

156 

you need it. The pistol grip handle and good 

distribution of weight makes it easy to hold. 

The compact dimensions enable you to get 

in close to the job. The loop soldering tip 

gets in the tough spots and still lets you see 

what you are soldering. 

This new up-to-date soldering tool—the 

Speed Iron—is needed by every radio ama-

teur, experimenter, and service man if he 

wants to have the best and latest equipment. 

See your radio parts distributor or order 
direct. 

T. M. REG, LI S PST OF: 

WELLER MFG.  COA. 
DEPT. R.A.H. 



FACTORIES 

LITTLE KNOWN 
SOURCES 

WAREHOUSES 

Always Large Stocks of 
Condersers Plugs 
Relays Secahen 
Ins,.tcrors Soldetino I,,,, 
Tubes Receiver; 
Microphones Rœs,ton 
Sound ecypornent S.Y, 
Code Trunnion». 
Woe and coble alp-
Cryvols Szclren 
Batten,. VIlonotou 
Headphones Etc.. etc 

These and Other Famous 
Brands Always in Stock 
Aurovou Hollitrahen 
Allied Reloys Hoe mortund 
Atnohenol itiC 
AIR 
Ampere. ren Jon., 
Ado, c envon 
Audok Littelfuse 
B a W Molsory 
Belden Melsnee 
Sinew:ye Millen 
Bliley Miller 

Mueller 
Red Nohonol 
Riegel. Gilead. 
Canton Far-Metn1 
Cordwell Fuesto 
Centralob Raytheon 
Cineudogroph RCA 
Cotnell-Dubiliet Shine 
Dial. bore- d- X 
Dunco Taylor 
Echophone llsoniarsou 
EMI*. Rim:" 
Esko hiptett 
Electrovoice llITC 
Garunotron Wet,tter Roulond 
Guordion We,ton 

Hundreds of new developments 
hove been born doe to wor. 

time del/citron-est. In order to 
be sure that you ore held post• 
cd write to us and be placed 
on our mailing list We will 
mail catalogs and brnchures 
os to.? os they we printed. 

YOUR SOURCE OF 

RADIO AND ELECTRONIC 
EQUIPMENT From the producing factories, 

from warehouse stocks and 

from little known sources, TERMINAL draws a steady 

flow of equipment. Our large, complete stock is your 

full assurance that we are your best source of supply 

For quick and intelli- TERMINAL 
gent service, turn to 

Buy your ham equipment over the counter or by mail. 

If It's Radio .. . We Have It! 

TERMINAL 
RADIO COP' 

85 Cortlandt Street, New York 7, N. Y. Tel WOrth 2-4416 





OMMUNI A TI 

'wade, ea detee Pti fr-eace . 

With the SEA and AIR FORCES of PEACE! 

- 

YACHTING FISHING 

•••• 

,alsok 
bi¡ 

SHIPPING 

PERSONAL PLANES AIRPORTS 

D 
<  - - 

AIR TRANSPORT 

The cartoonist's facile pen has vividly 

pictured the fields which Harvey-Wells 

hopes to serve when production hits 

its full peacetime stride. 

The some skillful manufacturing 

techniques and highly specialized en-

gineering which operated so success-

fully in war will produce Harvey-

Wells communications equipment of 

distinctive merit for tomorrow's needs. 

These specialized facilities, together 

with the Harvey-Wells design en-

gineering organization, are available 

to you today. If you have a communi-

cations problem requiring the most 

competent handling, we urge you to 

get in touch with us at once. 



No. 536 • Pyramid 
Tip, mode from Telluriurn. 

ADIO AMATEUR'S HANDBOOK lists 

soldering equipment as one of the 

radio technician's indispensable tools. And 

out of the crucible of war come the Electrical 

Industry's, newest, trimmest, slimmest sol-

dering tool . . . the Ungar light-as-a-feather 

Soldering Pencil— available in FOUR IN-

TERCHANGEABLE TIPS ... each designed 

to solve a particular problem, which makes 

it a " MUST" for the amateur now that 

peacetime activity is here. 

For speedy precision on intricate, hard-to-

reach jobs, you can't beat this ruggedly 

built Ungar Soldering Pencil! Takes plenty 

of punishment ... weighs only 3.6 ounces 

... perfectly balanced; length 7 inches ... 

heats in 90 seconds ... draws only 17 

watts and handles with fountain pen ease. 

Na. 776 Handle-Cord set with No. 536 tip 

sells for considerably less than $2. Please 

order only from your Electronics Distributor. 
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No.776 • Handle. 
Cord Set. Plastic, 
o ft. cord. For all 
tips. 

No. 537 • PencilTip, 
mode from Ellioloy A, 
tip Ve" dia. 

No, 539 • Extra Hot, 
mode from Tellurium. 

No. 538 • Chisel Tip, 
mode from Elkaloy A 
tip Ve" dia. 

'UMW}  



SUN RADIO & ELECTRONICS CO., INC 

M A TINY RESISTOR 
A COMPLETE RIG 

N ESTABLISHED lead. 

Attinez, 9Z2 

We started serving the "ham" over 23 years ago, 

when radio was just a novelty. As the years rolled by, 

we grew with radio's natural development. Many times 

we literally "pushed the walls back" to make room for 

the thousands upon thousands of parts, as fast as they were 

introduced. Today we occupy 6,000 square feet of space 

and carry over 10,000 different items. We maintain ex-

pert technical and sales staffs. A huge stock of standard, 

nationally advertised products and a thoroughly 

trained shipping staff that means . . FAST— 

PROMPT—SERVICE. Small wonder we are 

called—America's Most Complete 

Source of Supply. 

122 DUANE ST., NEW YORK CITY 7 • Tel BArclay 7-1840 
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COMPLETE FACILITIES 
In addition to finished crystals, Crystalab also engineers semi-
finished or finished blanks in any quantity desired. Furthermore, 
inasmuch as we specialize in special crystals, Crystalab can 
mount any crystal in any holder, standard or custom-made. 
Crystalab makes oscillating crystals from 50 kilocycles up to 
harmonic crystals in the 50 megacycle range . . . supersonic 
crystals from 20 kilocycles to 14 megacycles . filter crystals 
From 100 to 1,000 KC. 

24 HOUR SERVICE 
Orders for standard type crystals for Aiscraft, Police or other 
emergency use will be filled within twenty-four hours from the 
time they ore received. 

CRYSTIIIL RESEARCH LABOR 
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"eye *Jeered' 
CRYSTALS 

Wei/ea/wee&a eíïáeee4 
The some top-notch engineering and processing skill which won for Crystalab a pre-eminent 
place as a prime co itractor of military crystals . . . is now being made available to amateur 
crystal users. Crystal Research Laboratories, engineers of Selectronic crystals, continues and 
increases its researcl in order to produce better crystals. When ycu buy o Crystalab crystal, 
whether . t's finished to cycle accuracy or a blank that you bung to frequency yourself, 
you are assured that you have bought the finest crystal that ergineering skill con devise 
— at the lowest cod for quality. 

eaeit 

111 Qe ieliammiumor,Z4te 

AMATEUR CRYSTAL KIT 
Soon, Crystala6 will have at your radio dealers the 
crystal kit you w ant . This kit, consisting of lust what 

recent Crysta/ab 

you Amateurs have asked for, in the 
contest, is being engineere for Amateurs, manufactured 

for Amateurs, an d pr iced fod r Amateurs. It represents the 

height of engineering skill, at the lowest cost for quality. 
dealers today. Ask see the Crystalab Amateur Crystal Kit ot your 

c,re/ceet.,/ 

8 PAGE 

Catalogue 

Write Dept. 0.1. fr 
comprehensive ca 
ologue "Selection 
Crystals" and sac: 
ities bookir 
"Crystalob solves 

Problem". 

29 ALLY N STREET 
HARTFORD 3, CO NN. 



LOOK ede 

oefeet Pzawdierteneed 
B U T the difference is in 

performance — exceptional 
FREED performance. 

Built into every transformer are the spe-

cialized engineering techniques in design and 

production that mark the name FREED. 

Soundly constructed to withstand long and 
severe usage, FREED transformers are com-

pletely dependable for every application in all 

fields of communications and electronics. 

FREED specialized engineering, which 

pioneered shock proof 
construction, hermetic sealing and 

many more outstanding improve-

ments, is available to help solve 

your transformer problems. Why 

not take advantage of it? 

Wave Filters 
Audio Systems 

Carrier System Components 
Phase Shift Devices 

Special Bridge Circuits 
Supersonic Frequency 

Components 
Supersonic Frequency 

Systems 

FREED TRANSFORMER CO. 
72 H SPRING STREET. NEW YORK 12, N.Y. 
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SPECIAL 
PILOT LIGHT 

OFFER 
REASON FOR THIS OFFER 

This offer is being made to acquaint you with 
the high standard, precision manufacture of 
Gothard Pilot Lights and to actually place in 
your hands proof of Gothards -fixed position 
terminals- which cannot twist or short, and 
other e‘clusive features found only in Gothard 
Lights. 

THIS COUPON AND 25e presented to your job-
ber or dealer gives you a 50t No. 403 Gothard 
Pilot Light as illustrated below, and catalog show-
ing complete line. 

GOTHARD MANUFACTURING COMPANY 

2124 Clear Lake Ave. Springfield, Illinois 

Name 

Street 

HAVE YOU THIS NEW-I 
GOTHARD CATALOG? 

It's different! 

It's an engineering handbook! 

Here's what it tells you — and it's free 

for the asking 

Pilot Lights of every conceivable type are 
illustrated, together with blueprints giving 
essential dimensions. The correct lamp bulb to 
use with each type is illustrated and Mazda 
numbers listed. Pilot Light list prices range 
from 10é to $3.00 per unit; a type for every 
purpose. Gothard engineers have made many 
improvements in construction details. Hot tin 
dipped, fixed position terminals are used on 
all miniature socket assemblies. Brackets have 
reinforcing ribs. All parts heavily plated. 

Mazda No. 51.... 6-8 volt 

Mazda No. 53 .... 12-16 volt 

Mazda No. 356... 28 volt 

NOS. 403 404 
Mazda No. 44.... 6-8 volt   

Mazda No. 1815 .. 12-16 volt No. 403—Faceted Jewel List $ 0.50 

Mazda No. 313... 28 volt No. 404— Plain Jewel List $ 0.50 

Bulbs not included 

ahee MANUFACTURING COMPANY 

2124 Clear Lake Ave. Springfield, Illinois 

Canadian Distributor, William F. Kelly Company, /207 Bay Street, roromo 5, Ontario 
Export Division, 25 Warren Street, New York 7, N. Y Cables Smnon,,,,, New York 
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Ide e efe 
76rinofekeee TODAY! 
Famous Cinaudagraph Speakers, known the world over for 

tone, stamina, engineering perfection and design are once 

more in peacetime production. P.M. models of all sizes now 

utilize Alnico 5, the miracle metal that gives you 4 times 

the performance without size or weight increase. Constant 

research for improvements, highest standards of production 

and inspection plus use of only the finest materials— these 

are the extra features you get when you select a Cinauda-

graph Speaker to do a job in a better way. 

Cinaudagraph Speakers 
A SUBSIDIARY OF Air on 

W6JW 

WIBIB 

W6EX W6LFD 

It takes "Hams" to Know 
what tubes are best for "Hams" 

Nobel ‘14 beG 

40,64,77.0 
1/V612i. 

aeià ELECTRONICS, Subsidiary of Airón 

MANUFACTURING CORP., HAS THE TUBES YOU WANT 

FOR DESCRIPTIVE CATALOGUES WRITE Ai on, KANSAS CITY, KANS. 



Ifirwi 
FUTURE IN RADIO 

50-WATT RADIO STATION 
The Aireon Type RS- 1 radio station is a complete, 
self-contained, simple- to-operate unit specifically 
designed to meet the requirements of airports, 
airlines, and similar types of communication sys-
tems. It includes two transmitter channels, two 
receiver channels, and remote control equipment, 
all ready for installation— it's ready to plug into 
the socket. The transmitter is rated at 50 watts 
output; channels available in 200 to 400 kilo-
cycles, 2.00 to 8.00 megacycle, and 118 to 132 
megacycle bands. 

• Experienced Operators Unnecessary 

• Designed for Any Climate 

FIXED TUNED RECEIVER 

it • -• 7-01, ak 

AIREON Type 578-A Receiver 

Type RS- 1 50 Wat- Radio Station 

The Type 571I-A Receiver is a single channel f sed tuned 

crystal controlled receiver of exceptional sen.itiv•ty and 
selectivity. This receiver covers frequency range from 2.5 
to 16 mc; its sensitivity us better elan 1 microvolt. The 
578-A Receiver is well suited for remote locations where 

uncttended operation is necessary. 

* FM EMERGENCY EQUIPMENT 
FM Emergency Equipment by AIREON covers 30 to 42 megacycle and 156 to 162 megocycle range. It is produced To 

both portable and stationary units. Designed and engineered specifically for Police Depts.. Fire Depts., Taxis, Bus and 

Truck lines, and many other types of mobile and stationary installations. 

* RAILROAD RADIO 
Far in advance of the electronic field, AIREON is completely prepared to supply ANY RADIO COMMUNICATION EQUIP-

MENT A RAILROAD MAY DESIRE. Numerous AIREON products are engineered specifically for railroad use. 

Type AA9-E 
• CRYSTALS FOR EVERY RADIO NEED • 

The Type AA9-E Crystal is mode from 
selected Brazilian quartz, operates 
over a frequency range of 1,500 to 
10,000 kc, and is designed to meet 

• the most severe C.A.A. tests. 

Aireoit-7 

Type 604-A is designee fo- compact 
commercial aircraft transmitters. It has 
a frequency range from 2,000 to 
10,000 kc and will w thstond any con-
ditions prevalent in air- borne equ p 
rnent. 

MANUFACTURING 
CORPORATION 

KANSAS CITY 

SAN FRANCISCO 
SLATER, MO. 
OKLAHOMA CITY 

MEXICO 

Type 6( ,i-A 

BURBANK 

CHICAGO 
NEW YORK 
GREENWICH, CONN. 

CITY, D. F. 
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I. Brand new post-war design . positively not a "wormed-
over" pre-wcr model. 

2. More than an "electronic" voltmeter, VOMAX is a 
true vacuum tube voltmeter in every voltage;re-
sis;ance/db. function. 

3. Complete signal tracing from 20 cycles through over 100 
megacycles by withdrawable r.f. diode probe. 

4. 3 through 1200 volts d.c. lull scale in 6 ranges at 50, and 
in 6 added ranges to 3000 volts at 125 megohms input 
resistance. 

5. 3 'enough 1200 volts a.c. full scale in 6 ranges at honest 
effective circuit loading of 6.6 megohms and 8 mmfd. 

6. 0.2 through 2000 megohms in six easily read ranges. 
7. — 10 through + 50 db. (0 db. = 1 mw. in 600 ohms) in 
3 ranges. 

S. 1.2 mo through 12 amperes full scale in 6 d.c. ranges. 
9. Absolutely stable— one zero adjustment sets all 

ranges. No probe shorting to set a meaningless zero 
which shifts as soon as probes are separated. Grid 
current errors completely eliminated. 

10. Honest, facèual accuracy: ± 3% on d.c.. ± 5% on a.c.; 
20v> through 100 megacycles; ± 2% of lull scale, ± 1% 
of indicated resistance value. 

11. Only Ave color-differentiated scales on 434" D'Arsonval 
mete- for 51 ranges (including d.c. volts polarity reversal) 
eliminate confusion. 

12. Meter 100% protected against overload burnout on 
voltsiohms/db. 

13. Substantial feather carrying handle. Size only 1234"x-
73i"x5 7/6" 

SEND FOR FREE CATALOG 
SEE YOUR JOBBER 

OVER 34 YEARS OF RADIO ENGINEERING ACHIEVEMENT 

W e7e44444Gegee,ie C eMPle*Hr 
1240 MAIN STAG CT, biART.ORD 3, CONNECTICUT 

"VOMAX" 
Measures EVERY Voltage 

The secret of the overwhelming de-
mand for " VOMAX" is just that 
simple. With it you can measure every 
voltage in radio receiver design and 
servicing 
"VOMAX" handles a wide range 

of d c and a.c. voltages at meter re-
sistance so astronomically high that 
you can measure directly and ac-
curately every such voltage It goes 
far beyond conventional volt- ohm-
ma- meters For "VOMAX" will 
measure every a f., i.f, and r.f. 
voltage from 20 cycles right up to 
beyond 100 megacycles. 

This remarkable post-war instru-
ment gives you vitally important 
visual dynamic signal tracing Read 
the briefed specifications at left . 
practically a complete service station 
by itself . . see how -VOMAX" 
makes you the master, no longer the 
victim, of tough service jobs. Imagine 
the time you'll save, the increased 
efficiency, the multiplication of your 
profits when you put "VOMAX" to 
work and can at last measure every 
voltage. 

Requiring no priority and despite 
heavy demand, your favorite jobber 
can arrange quick delivery . if 
you act fast. 

NET PRICE $ 5985 
ONLY e 

AMATEUR PARTS & KITS 

Born out of the war are many more 
money-saving new SILVER develop-
ments. As an up-to-the-minute ama-
teur you'll want to know all about 
the new 904 resistance-capacitance 
bridge . new 1.6 thru 30mcs. " all-
band" 5 to 500 watt transmitting in-
ductors . . u hi tuners '' harnessing'' 
112 thru 470 mcs. . . the new 
SILVER am/fm receiver/kit covering 
1.6 thru 150 mcs. . . new -progres-
sive" 5 to 500 watt xmitter/kit . 
1.6 thru 500 mcs. absorption fre-
quency meter. 

168 



TYPE SF 

0/x" x 1%" x 1%" 

TYPE SR 

11/2 " x 11/2 " n 21/4 " 

5 Pin Plug-in Base 

Specialists In Precision Relay Engineering and Manufacture 

SIGMA RELAYS achieve a peak in the difficult combination of extreme 

ruggedness with exceptional sensitivity 

SIGMA RELAYS give precise operation on low levels of input power (down to .0005 watts) while maintaiffirg 
exceptional resistance to vibration and other conditions of physical environment. These relays are particularly 

suited for applications such as: 

Accurate Switching 

High Speed Keying 

TYPE 4F 

13/11" n i'/s" x 
Weight: 2 oz. 

11/2 " x 11/2 " x 2%" 
5 Pin Plug-in Base 

Operation from Vacuum Tube Output 

Operation on Close Differential 

TYPE 4A 

2 Diam. x 2" High 
5 Pin Plug-in Base 

The 4 Series is recommended for: High Speed (down to 1 millisecond)— Keying (up to 200 operations per 
second)— Sensitivity ( aircraft performance on 30-50 milliwatts input, 10 milliwatts in less severe environment)— 
Economy—Compactness—Moderately Severe Environment (temperature, humidity and vibiation). 

TYPE RJLII2 

Hermetically Sealed Enclosure, avail-
able for both the 4 and 5 series 

The S Series is best suited for: Extreme Sensitivity ( input power as little as 1/2  milliwatt, aircraft performance 
on 5 milliwatts)—Severe Environment ( withstands temperatures — 40 ° to +90 ° C., vibration of 11 g's or more, 

shock of 500 g's)-

• Sigma Relays are not ordinarily sold as stock items, but upon definite recommendations as to the solution of 

particular problems. However, small quantities are available as quickly as stock items, because all components are 
in stock and production is on the "short order" line. 

• SIGMA shares the responsibility for the proper operation of all Sigma relays ... in other words, Sigma Instruments 
establishes the proper relay specifications in accordance with your problem requirements, then guarantees that the 
relays will perform with complete satisfaction. Sigma Relays are available with coil resistances up to 18,000 Ohms. 

• For A.C.—Both the Series 4 and 5 are available with a built-in 
full-wave rectifier giving D.C. sensitivity on A.C. input. The Series 5 
is available for time-delay operation. 

Sigma Illstruments,inc.  
RELAYS 

78 CEYLON STREET BOSTON 21 MASS 
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eHundreds of thousands of DuMont cathode-ray tubes of many 

types served in oscillographs, radar and other wartime equipment. 

Of the many available types, the three types herewith have been 

chosen as the most popular for ham and experimental purposes. 

DuMONT 

TYPE 3AP 

DuMONT 

TYPE 5CP 

low accelerating voltage and without 
anced deflection. 

Designed for oscillographic and other ap-
plications where simplicity of equipment 
is paramount. Small bright spot obtained at 

MECHANICAL CHARACTERISTICS: 

Overall length 
Maximum diameter 
Base   
Basing   

TYPICAL OPERATION: 

Heater Voltage 
Anode No, 2 Voltage (E1.4 
Anode No, 1 Voltage (E,,,) for focus when E.. Is 

75% of cutoff value 286 

Grid Voltage (Eel) for beam cutoff  —33 

Deflection Factor: 

11 1/2" ±- Vs" 
-1- 1/16" 

Medium 7-pin 
RMA Basing Designation 7AN 

2.5 
1000 

76 
73 

2.5 volts 
1500 volts 

430 volts -.1' 20% 

—50 volts -± 50% 

114 d.c. volts/inch ±-
109 d.c. volts/inch -1-

Designed for oscillographic and other ap- trace and minimum of defocusing with 
plications where small spot size, brilliant flection are required. 

MECHANICAL CHARACTERISTICS: 

Overall Length 
Maximum diameter   
Base   
Basing   

TYPICAL OPERATION: 

Heater Voltage   6.3 6.3 volts 
Anode No. 2 Voltage ( El.!)   1000 1500 volts 
Anode No. 1 Voltage (E,,,) for focus when E.., is 

75% of cutoff value    234 
Grid Voltage (E..,) for beam cutoff  —33 

Deflection Factor: 

D,D2   80 
D.,D,   70 

11 1/2" 3/8" 
-± 1/16" 

Medium Magnet 
RMA Basing Designation 11A 

350 volts -± 20% 
—50 volts -± 50% 

120 d.c. volts/inch -1- 21 
105 d.c. volts/inch -1- 21 

Designed for oscillographic and television Army-Navy diheptal base provides a 
applications. Intensifier principle used to quate insulation between electrodes. : 
provide maximum deflection sensitivity for television applications, a P4 screen is av 
given final accelerating voltage. A standard able. 

MECHANICAL CHARACTERISTICS: 

Overall Length 
Maximum Diameter   
Base 
Basing   

TYPICAL OPERATION: 

Heater Voltage 
Anode No. 3 Voltage (E,..,)  
Anode No. 2 Voltage (E,.2) 
Anode No. 1 Voltage (E,,à) for focus when E, , is 

75% of cutoff value   431 
Grid Voltage ( E,.,) tor beam cutoff... ........... .•.   — 45 

Deflection Factor: 

D,D2   

163/4 " -1- 3/a" 
51/4" ± 3/32" 
Medium 12-pin Diheptal 
RMA Basing Designation 14B 

  6.3 
1500 
1500 

11,Di ...... 

6.3 
3000 
1500 

6.3 volts 
4000 volts 
2000 volts 

431 575 volts ± 20% 
—45 —60 volts -1- 50% 

55 69 92 d.c. volts/inch 
:.._- 20% 

48 59 79 d.c. volts/inch 
-±- 20% 

Descriptive literature on DuMont Oscillographs and Tubes, sent on request. 



DuMONT 

TYPE 224A 

Tens of thousands of DuMont oscillographs helped win the war. 

An even greater number will help win the peace. And now, in 

keeping with the specific needs and the pocketbooks of hams and 

experimenters, DuMont engineers recommend these two popular 

instruments in addition to the Type 2085 which is too well known to 

require description or praise here: 

DuMONT 

TYPE 164E 

oe-

In the radio field a DuMont oscillograph is 
a "must" for seeing performance at any 
point in the circuit. See the output voltage; 
see resonance and frequency response 
curves; see measurements of hum; see 

oscillation and regeneration in IF, stages; 
see distortion and trace it to its origin; see 
proper neutralization in your transmitter; 
see modulation. 

OPERATING LIMITS ... 

Deflection sensitivity ( with maximum amplification): 
Vertical    0.80 r.m.s. volts inch 

Horizontal  0.65 r.m.s. volts/ inch 

Deflection sensitivity direct connection to cathode-ray tube plates 30 r.m.s.voltstinch 

Input Characteristics: 

Vertical amplifier 1 megohm. Horizontal amplifier 0.8 rreegohm. 
Voltage gain, vertical amplifier 43 times; horizontal amplifier 55 times. 

Frequency range of amplifiers 5 to 100,000 "sinusoidal" c.p.s. 
Frequency range of timing axis 15 to 30.000 "sawtooth" c.o.s. 
Maximum allowable a.c. voltage input fo amplifiers 250 v. 
Maximum allowable d.c. voltage input to amplifiers 400 v. 

Type 164E operates on either 115 or 230 measuring 11%" h. x 71/8" w. x 14" d. 
volts a.c.. 40-60 cycles. Furnished in metal Weight: 20 lbs. 
cabinet equipped with carrying handle. 

Olt 

Utilizes a Type 3GP1 tube operating with 
accelerating potential of 1,000 volts. Bright, 
well-defined trace. Four free deflection 
plates permit push-pull deflection and min-
imize distortion. Wide-band amplifiers 

AMPLIFIER FREQUENCY RESPONSE: 
Y-axis sine wave frequency response uniform within 3 db. from 20 cycles to 2 megacycles. 

X-axis   uniform within 3 db. Irons 10 cycles to 100 KC. 

DEFLECTION FACTOR WITH AMPLIFIER: 
Y-axis terminals    0.1 volt r.m.s./inrh deflection 
Y-axis with probe   0.4 volt r.m.s./inch deflection 
X-axis terminals 0.7 volt r.m.s./inch deflection 

make this instrument highly desirable for 
experimentation and service work in FM 
and television. Z-axis terminal on front 
panel for intensity modulation of beam. 

TO DEFLECTION PLATES: 
Y•axis    25 volts r.m.s./inch deflection 
X axis   28 volts r.m.s./inch deflection 
Z-axis  Intensify modulation 15 volts peak is sufficient to bring beam 

from just-extinguished condition to normal brilliance, 

LINEAR TIME-BASE: 

Frequency range 
Direction of sweep    Leff to right 
Synchronizing signal sources Internal (Y-sygnal); Line Frequency, external. 

Synchronizing Polarity Either polarity of synchronizing signal. 

Type 224A operates on 115 volts a.c., 50-60 fective cover. Carrying handle 14 1/4 " h. it 

cycles. Metal cabinet with removable pro-

15 to 30,000 c.p.s. 

81/2 " w. x 151/2 " d. Weight: 49 lbs. 

eci"efáet ezegied e red "fito-'eiw 
LLEN B. DuMONT LABORATORIES, INC., PASSAIC, NEW JERSEY • CABLE ADDRESS: ALISEEDU, PASSA-IC, N. J., U. S. A. 
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R. C. (Dick) Hall 

HAM SHACK" 
"The Ham Shack" is a busy place 
these days. Ham gear from hun-
dreds of manufacturers is pouring 
into our Receiving Department and 

onto   
A FEW OF TIIE MANUFACTURERS 
WHOSE PRODUCTS WE DISTRIBUTE 
Aerovor Corporation 
American Phenolic Corp. 
American Radio Hardware Co. 
American Radio Relay League, Inc. 
Alliance Manufacturing Co. 
The Astatic Corporation 
Atlas Sound Corp. 
Barker & Williamson 
Belden Mfg. Co. 
Birnbach Radio Co. 
Bliley Electric Co. 
Browning Laboratorie•. Inc. 
Brush Development Co. 
Bud Radio Company 
Ti.. Allen D. Cardwell Mfg. Co. 
Centralab 
Cinaudagraph Speaker., Inc. 
Drake Electric Works 
Dumont Laboratories. Inc., Allen B. 
Eastern Mike-Stancl Co. 
Echophone Radio Co. 
Eitel-McCullough. Inc. ( Eimac) 
Electronic Laboratories 
Electro-Voice Corporation 
G I Cement Mfg. Co. 
General Electric Co. 
General Indu•trie• Co. 
Gordon Specialtie• Co. 
Gothard Mfg. Co. 
Ti.. Hallicrafters Co. 
The Harnmarlund Mfg. Co.. Inc. 
Hytron Radio & Electronics Corporation 
Heintz and Kaufman ( Garnmatron) 
Ti.. In•tructograph Co. 
In•uline Corp. 
Jensen Radio Mfg. Co. 
Johnson Co., E. F 
Jones, Howard B. 
Kaar Engineering Co. 
Leach Relay Co. 
Littelfuse Laboratorie• 
Les Logan Co. 
McElroy, T. R. 
McGraw-Hill Book Co., Inc. 
John Meek Industries, Inc. 
Meissner Mfg. Co. 
Jame• Millen Mfg. Co. Inc. 
Mueller Electric Co. 
National Company 
Ohmite Mfg. Co. 
Peerless Electrical Product» Co. 
Pioneer Genemotor Corp. 
Precision Apparatus Co. 
Prem.: Products 
Radio Mfg. Engineers. Inc. IRME) 
Radio Corporation of America 
Sangarno Electric Co. 
Setchell-Carlson, Inc. 
McMurdo Silver Co. 
Standard Transformer Corp. 
Taylor Tubes. Inc. 
Thordarson Electric Mfg. Co. 
Trim's., Inc. 
Triplett Electrical Instrument Co. 
Ti,. Turner Company 
Harry A. Ungar, Inc. 
United Electronics Co. 
University Laboratories 
Utah Radio Products Co. 
Vibralor Mfg. Co. 
John Wiley & Sons, Inc. 

our shelves (when it 

gets by the Shipping Department) • • • We have 
continued to serve our many friends through the 
War Years and the fact that the Harris County 
War Emergency Radio Service stations generally 
had modern tubes and components is an indi-
cation of our success. 

R. C. & L. F. HALL 

"THE 

j 

L. F. (Lillian) Hall 

W5EUG 

"Across the Operating Table" 

was the name of our Amateur Bulletin, as many 
of you will recall. There will soon be a new 
"Across the Operating Table" and you can sit 
across the table from us for our informal little 
"ragchews" by dropping us your name and 
address—a postal will do. 

Equipment with Our Name on It 

Is Worth More 
but costs just the same as anywhere else. For example, if you buy a 

communications receiver from us, you not only get the same receiver 
you would get anywhere else but you also have the benefit of our 
service, which includes: 

(1) We take care of the factory guarantee. 

(2) We give you a "Guaranteed Trade-In Allowance" on 
equipment purchased from us. 

(3) Easy terms are available if desired. 

(4) Liberal trade-in allowance on used equipment. 

(5) Technical advice to assist you in your selection. 

(6) A large stock for your personal inspection if you can drop in 
to see us. 

OUR PARTS SERVICE Includes: 

(I) Technical advice on the selection of components, which gives 
you the most for your money. We are constantly experi-
menting with new products for your benefit. 

(2) Easy payment plan on large purchases of parts. 

GET ON OUR MAILING LIST ... whether you live just around 
the corner or two thousand miles away and try our service. You will 

see why we are called "Specialists in Amateur Equipment 8. Supplies." 

"THE HAM SHACK" (R. C. & L. F. Hall) 
P. 0. Eox 2434, Zone 1, Dept. A • 1015-17 Caroline Street, Houston 2, Texas 

Telephone • Capitol 9731 

o 
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INDUSTRIAL TRANSFORMER CORP. 
2540 BELMONT AVENUE, NEW YORK, N. Y. 

There Are ITC TRANSFORMERS 

To Meet YOUR Specifiteátions 

Power, voltstats, voltage r-• • ng, step-up, step-down, plate, 

audio, input e, output, modulation driver, Microphone, 

, mixing transformers, audio, reactors.... 

Our expert Engineering staff and years of experience 

developing and manufactur ing transformers have establ - d an 

unexcelled reputation for Dependability and Q 

Insist on an " ITC 

Write for Catalog H-46 

FORMER" 

IRE? 



Out of the War Comes the 

mEcoPLASTTuIcBuPLLAYR.OpSECTIONAL mAsT 
AN amazing development, used 

for radio antenna masts and 

for aircraft landing and launching 

gear. 

Now available commercial 

and amateur radio use—light, eas-

ily handled, amazing strength, low 

in cost. Will withstand horizontal 

and vertical loads at the head as 

great as 10,000 pounds. In sizes 

from 3" to 8" diameter, heights 

from 12 to 125 feet, in 12 ft. 
sections. 

Stays every 25 ft. of height are 

torscrew anchored. Hinged base 

and -'èrecting boom are part of 

installation, moking it easy to raise 

or lower at any fitne.. 

Secret lies in the 'éctional tubular construction, of alternate layers 

of wood veneer and fabric, -convolutely wound and bonded with water-

proof phenol- resin. Weatherproof strong, light, resistant to corrosion, 
mold, rot or insects. 

7. 

READ THESE 

ADVANTAGES U 
I. Non-metallic — does not 

interfere with radiation 
pattern of U.H.F. anten-
nas. 

2. Strong, light, weather-
proof. 

3. Easy to erect. 

4. Readily removed to new 
site. 

5. Short sections, easy to 
transport. 

6. Good looking, clean mod-
 em. 

ow-cost. 

nimum maintenance. 

12 ft. sections easy to handle, positive coupling, 

SEND FOR DATA 
write 

MARYLAND ENGINEERING CO. 

r("V 

pi% td Inentelint to. 

a meet 
,› 

ec°4" 

ERECTING BOOM 

Erecting boom 
and hinged base 
make erecting 
and dismantling 
easy, quick, eco- oosteps.E.suL 
nomical. 

PIKESVILLE 

BALTIMORE 8, MARYLAND 

BOOK. GUY 

«C ANCHOR - 

«C STAYS 

BL OCR 
*I TACKLE 

'D STAYS — 

1.54 tIAN, HEAD 

BOOM ANCHOR 

D ANCHOR -- BOOM our 

A STAYS 

STAYS 

111- ANCHOR 
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For Amateur Radio Oper-

ators, Radiotelephone 

and Telegraph Operators 

COVERS 
Broadcasting, Marine, Aero-

nautical, or any field of Radio 

Transmission and Reception 

If you a,e an amateur anti wont to 

win your " ticket" this is the book for 

you. It will help you pass your radio 

license examinations. 

For you who want to win your mark 
in the radio profession, this edition 

covers every type of radio activity 

whether it is marine, aeronautical, 

police or amateur broadcasting. Pre-

sented in easy-to- follow question- and-

answer form. 

Second Edition, 1944 

320 Pages $3.00 

CONTENTS 

I. Basic Radio Laws 

II. Basic Theory and 
Practice 

Ill. Radiotelephone 

IV. Advanced Radio-
telephone 

V. Radiotelegraph 

VI. Advanced Radio-
telegraphy 

DREW'S 
HOW TO PASS 
RADIO LICENSE 
EXAMINATIONS 

has helped thousands prepare to get their 
"ticket"! 

Read what these important publications say about 
the revised Second Edition of this " bible" for radio 
operators, radiotelephone and telegraph men. 

RADIO NEWSt "In titis new and revised second edition, Mr. Drew has pre-
s,•sii,xl much tal,iahle information for the benefit of those preparing to take the 
i'CC radio license examinations. The author has avoided the inclusion of ex-
tram. lll s and nonessential information and has presented a clear-cut picture of 
die type of question which is asked of examinees." 

ELECTRONICS: "The new edition, like its predecessor, provides a valuable and 
ti, ,.•nr ir, tris of refreshing theoretical knowledge in preparation tor the 

PROCEEDINGS OF THE I. R. E.t "As a whole, this work appears to he superior 
to pre, ious publications of this type. Notably, tine finds greater accuracy in the 
choice and expression of formulas, and more care in specifying the case it, which 
the formula is applicable and the units in which the factors are express's! where 
basic units are not employed..Also the author has included discussions .111.1 [noes 
immediately following the answers with a view to enabling the reader to limier 
stand the manner in which fundamental principles were applitx1 in arriving at 
the aforestated answer. This will aid the reader in handling successfully examina-
tion questions based on the same general principles but worded in a somewhat 
tlitfen•to manner." 

RADIO CRAFT: "The new edition of this standard book has been awaittx1 by 
communn.1111111, students for some seasons. It fulfills all their expectations. 
Thormiglil, tc, Ise.ci to meet the new ( since the first edition) type of government 
examinations. it retains the same clear and to-the.point style that distinguished 
the older issues. -

BULLETIN OF THE WESTERN SOCIETY OF ENGINEERS: "Anyone con. 
templating taking a radio license examination will lind material in this book 
insaluable for study or for review." 

PROFESSIONAL ENGINEER: "lust the book for those seeking radio operator 
In . . . ',mains extra. is from radio laws and a number of very useful 
tables, and o an he recommended not only to those who wish ti, acquire a 
commercial r.nito operator's license, but to those in,rested in radio comm 
,Al.., 

10-DAY FREE TRIAL 

JOHN WILEY & SONS, Inc, 440 Fourth Avenue, New York 16, N. Y. 

ON APPROVAL COUPON 

JOHN WILEY 8. SONS, Inc. 

440 Fourth Ave., New York 16, N. Y. 

Pleas, send me a copy of Drew's HOW TO PASS RADIO LICENSE 
I.XANIINATIONS on ten days' approval. At the end of that time, if I 
.lucide u, keep the book, I will remit $3.00 plus postage: otherwise I will 
return the hook postpaid. 

Mt'  

and Slate 

by  
Alf. 1,16 
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ATR Vibrator Pack complete 
without audio filter, Style A 

AIR NEW MODELS 
Built to Military Standards 

• AIR HEAVY 
DUTY 

VIBRATOR PACKS 

For Inverting Low Voltage D. C. 

to High Voltage D. C. 

For Operation of Portable Receivers and Transmitters, Air-
craft Apparatus, Battle Announce Systems, Amplifiers, and 
Scientific Apparatus. 

• AT R STANDARD AND 
HEAVY DUTY 

IN 

For Inverting D. C. to A. C. Illustrating Types 6 and 12 
Standard Radio and Indus-

trial Inverters only 

Specially Designed for Operating Electrical Equipment in-
cluding A. C. Radios, Battle Announce Systems, Television 
Sets, Amplifiers, Intercall Systems, and Radio Test Equipment 
from D. C. Voltages in Vehicles, Ships, Trains, Planes, and in 
D. C. Districts. 

Write for Catalog No. 244 illustrating the ATR Complete Line of Vibra-
tors, Vibrator- Operated and Rectifier Power Supplies 

AMERICAN TELEVISION & RADIO CO. 
Manufacturers of Quality Products Since 1931 

ST. PAUL, MINNESOTA, U. S. A. 
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:ROM BILL HALLIGAN 

With this edition of the American Relay League Handbook, amateur 

radio finds itself on the threshold of an entire new era. At this time 
Hallicrafters wants to reaffirm its original position of being primarily 

devoted to the development of radio equipment specifically designed 

for amateur use. "Amateurs, first, last and always...." is a brief 

but powerful summary of postwar production plans at Hallicrafters. 

The amateurs have always been far out in front in the swift techno-
logical progress that has marked the growth of radio science in the 

20th century. In the exciting years ahead very high and ultra high 
frequency communications, frequency modulation, facsimile reproduction 
and television will be among the many new phases of the art to be 

explored and utilized by amateur operators. Hallicrafters engineers 
backed by years of pioneering experience in high frequency work are now 

turning their attention to these new fields. 

Throughout all of this forward development the company will keep 
pace with the character and spirit of amateur growth. Dyed in the wool 

amateurs high up in the management of the company, amateurs on the 

engineering staff and thousands of amateur friends of the company 

reporting back to us about how Hallicrafters equipment served in the 
war all combine to give us a " board of directors" that keeps us 

close to the amateur ideal. 

In the following section are details of a long and distinguished tine 

of Hallicrafters receivers and transmitters. High spots include the 

famous Super Skyrider - the SX-28A, considered by many amateurs the 
greatest communications receiver ever designed; the Super Defiant and 

the Sky Champion, highly versatile, high frequency receivers repre-
senting top values in the medium and lower priced brackets. Here are 

sets like the S-36A, five years ahead of time in anticipation of the 

extension of FM up into the higher frequencies. Here is the renowned 

HT-4E transmitter, the heart of the famous SCR-299, back from the wars 
ready to resume its position in your ideal ham shack. And here are 

many more models, designed by engineers who know and can answer 
the insistent demands of the amateurs for better and better radio. 

W9WZE 
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The new Hallicrofters Model SX-28A is a 

further refinement of the famous Model 

SX-28 that achieved such popularity 

with amateur ard professional opera-

tors prior to Pear: Harbor. Embodying 

circuit refinements and constructional 

modifications necessitated by the ardu-

ous conditions of military service the 

new SX-28A offers the maximum in 

communications receiver performance 

to the discriminating buyer. 

The traditional sensitivity and selec-

tivity of the Model SX-28 have been 

hallicrafters RADIO 

further improved in this new Super 

Sky-Rider by the use of " micro- set" 

permeability-tuned inductances in the 

r.f. section. The inductances, trimmer 

capacitors, and associated components 

for each r.f. stage are mounted on 

small individual sub-chassis and may 

be removed as a unit for easy servking. 

Thousands of these fine receivers 

have seen service with the armed forces 

in all parts of the world and have main-

tained Hallicrafters' reputation for out-

standing quality and performance under 

the most difficult conditions. 
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KYRIDER MODEL Efir32[1 

550 kc. to 42 Mc. Continuous in Six Bands 
FEATURES 

1. Frequency range 550 kc. to 42 Mc. cont.ruous 
in 6 bands. 

2. Main tuning dial accurately calibrated in 
megacycles. 

3. Separate calibrated bandspread dial. 

4. Two stages of radio frequency amplification. 

5. Beat frequency oscillator, pitch variable from 
front panel. 

6. Combination a.v.c.-b.f.o. switch. 

7. Send-receive switch. 

8. Lamb type 3- stage adjustable noise silencer. 

9. Separate r.f. and a.f. gain controls. 

10. Provision for battery or external power sup-
ply operation. 

11. Push-pull 8-watt output stage. 

12 Variable tone control, band-pass audio filter 
and bass boost switch. 

13. Provislon for break-in operation. 

14. 500 or 5000 ohm output. 

15. Six position i.f, and crystal filter selectivity 
switch. 

16. Crystal phasing control. 

17. " S" meter calibrated in S units and db. 
above 59. 

18. Oscillator compensated for frequency drift. 

19. Antenna compensator mounted on panel. 

20. Separate a.v.c. amplifier. 

21. " Unit-style" r.f. sections for easy servicing. 

22. "Micro- set' type coils in r.f. section perme. 

ability tuned. 

23. Dial lock on main tuning dial. 

24. Inertia flywheel tuning and pre-loaded geor 
drive on main and bandspread dials. 

25. Phonograph input jack. 
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available. In the medium and broad crystal 
positions the i.f, circuits function as a band-
pass filter rather than as the more common 
broadly peaked resonant circuit and pro-

vide fully intelligible reception of radio 
telephone signals while holding interfer-
ence and atmospherics to a minimum. 

The SX-28A incorporates a double a.v.c. 
system. A.v.c. voltage for the r.f. and 
mixer tubes is taken from the broadly 
tuned carrier after it has passed through 

only three tuned i.f. circuits. A.v.c. for the 
i.f, stages, however, is taken from the car-
rier after it has passed through six tuned 
i.f. circuits. This arrangement provides a 
reduction in between-station noise and a 
more sharply defined aural tuning action. 
The " S" or signal intensity meter operates 
in conjunction with the a.v.c. and is cali-
brated in S units of approximately six db. 
each and in decibels above S9. A three 
position panel switch is provided for the 
control of a.v.c., " S" meter, and b.f.o. 

circuits. 
Other features which contribute to the 

fine performance of the SX-28A are a 
Lamb three-stage noise silencer with panel 
adjustment; push-pull 6V6GT output stage 
with band-pass filter, bass boost, and tone 
control; antenna compensator; separate 
a.f. and r.f. volume controls; and panel 
stand-by switch. All controls and switches 
are conveniently arranged on the panel. 

THE INSIDE STORY OF THE FAMOU ' 

The frequency range of the SX-28A ex-
tends from 550 kc. to 42 Mc. and is cov-
ered in six bands with suitable overlap at 
the band ends. In addition to the main 
tuning dial which is accurately calibrated 
in megacycles, there is a calibrated band-
spread dial covering the frequency ranges 
of 3.5 to 4 Mc., 7 to 7.3 Mc., 14 to 14.4 
Mc. and 28 to 30 Mc. Both dials are pro-
vided with flywheel inertia tuning. 

One stage of r.f. amplification is used 
on frequencies below 3 Mc. and two stages 
on the higher frequency bands. These pre-
selector stages using the new high-Q 
"micro-set" inductances assure a good 

signal-to-noise ratio and a high degree 
of selectivity. The Model SX-28A has an 
image ratio of 40 to 1 at 30 Mc.— 350 to 
1 at 14 Mc., and a proportionately increar.-
ing ratio as the frequency is decreased. 

The two stage i.f. amplifier is designed 
to retain its adjustment under conditions of 
extreme change in temperature and humid-
ity. The i.f, transformers are permeability 
tuned and are provided with small extra 
windings which can be connected to in-
crease the coupling between circuits. These 
windings are used in conjunction with the 
crystal filter to furnish six different degrees 
of selectivity. Control is by means of a six-
position panel switch. Any desired i.f. se-
lectivity from wide- band high fidelity to 
razor-sharp c.w. reception is instantly 

MODEL PM- 23 SPEAKER 
This Hallicrafters-Jensen speaker is designed for use 

with the logger Hallicrafters receivers. Of the per-

manent magnet type the Model PM-23 has a ten-

Inch cone and is mounted with its coupling trans-

former In o steel cabinet finished in gray wrinkle 

lacquer to match the receiver. Speaker opening is 

concealed by attractive metal grill. Transformer 

matches 5000 ohm output of receiver. 

WEIGHT: pocked for shipment, 22 pounds. 



Model SX-28A-75 pounds. 
Packed for shipment- 87 pounds. 

CONTROLS: 

TONE and AC. ON'OFF; B.F.O. ( pitch control) ; BASS 

IN , OUT; A.F. GAIN ; MAIN TUNING; R.F. GAIN; 

BAND SWITCH ; ANT. TRIMMER; BANDSPREAD TUN-

ING; A.V.C. and B.F.O. ON OFF ; SELECTIVITY; 

SEND/ RECEIVE; CRYSTAL PHASING; A.N.1.«; 

meter adjustment on rear of chassis. 

EXTERNAL CONNECTIOMS: 

Antenna-ground terminals arranged for single wire 

or doublet; speaker terminals for either 500 or 5000 

ohm output; line cord and plug; line fuse; 5pecial 
socket, normally shorted by octal plug, provides for 

battery or external power supp'y operation and 

stand-by connection to transmitter; phonograph in-

put jack. All connections are mounted on rear of 

chassis except headphone jack on panel. 

PHYSICAL CHARACTERISTICS: 

All components of the Super-Skyrider, Model SX-28A 

are mounted on a rugged steel chassis. Copper 
plated steel panel has etched black leatherette 

finish. Panel and chassis are joined by heavy side 
members. Cabinet is finished in gray wrinkle lacquer 

with chromium trim. Openings provided for cooling 

and ventilation. 

DIMENSIONS: 

Cabinet is 20t/2" long by 10" high by 14 3/4" deep. 

Panel is 19" long by 834" high. Clearance needed 

for relay rack mounting, 17 3/8" long by 834 high by 

1 4 3/,, " deep. 

WEIGHT: 

FIFTEEN TUBES: 

1 —6AB7 

1 —6SK7 
1 —65A7 
1 —6SA7 

1 —6L7 
1-651(7 
1 —6B8 

1 —6B8 
1 —6AB7 
1-6H6 
1-615 

1 —65C7 
2-6V6GT 
1 —5Z3 

1st r.f. Amplifier 
2nd r.f. Amplifier 

Mixer 

Hf. Oscillator 
1st if. Amplifier Noise Limiter 

2nd if. Amplifier 
A.v.c. Amplifier 
2nd Detector and S Meter Tube 
Noise Amplifier 
Noise Rectifier 

Beat Oscillator 
1st Audio Amplifier 
Push- Pull Output Amplifiers 

Rectifier 
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THE SUPER DEFIAN 

Every worthwhile feature 

at a moderate price . 

The SUPER DEFIANT has long been one of Hallicrafters most popular 

models. Inco,porating every important feature for superb com-

munications receiver performance, the Model SX-25 has achieved 

true economy without compromising quality. 

The outbreak of war with its sudden demand fo- military com-

munications receivers found Hallicrafters already in mass production 

of the Model SX-25 for amateur use. Production was immediately 

stepped up ard tremendous quantities of these receivers were put 

into military communications work. Many mir or modifications and 

imp,ovements in quality of components to meet rigid military re-

quirements were made but the basic design remains unchanged. 

The rugged constructon, fine workmanship, and superb performance 

which proved so valuable in military service will continue to feature 

the Hallicrafters Model SX-25. 



„„EL 125 
FEATURES 

1. Frequency range 545 kc. to 42 Mc., continuous in 
4 bands. 

2. Main tuning dial accurately calibrated in mega-

cycles. 
3. Separate calibrated bandspread dial. 

4. Two stages of radio frequency amplification. 

5. Beat frequency oscillator, pitch variable from 

front panel. 

6. A.v.c. switch. 

7. B.f.o. switch. 

8. Send- receive switch. 

9. Automatic noise limiter. 

10. Separate r.f. and of, gain controls. 

11. Provision for battery or external power supply 

operation. 

12. Push-pull 8-watt output stage. 

13. High- low tone switch. 

14. Provision for break-in operation. 

15. 500 or 5000 ohm output. 

16. Six position i.f, and crystal selectivity switch. 

17. Crystal phasing control. 

18. -S- meter calibrated in S units and db. above S9. 

19. Oscillator compensated for frequency drift. 

20. Inertia flywheel tuning on bandspread dial. 

CONTROLS: 

R.F. GAIN; BAND SWITCH; SELECTIVITY; MAIN 

TUNING; TONE HIGH-LOW; X fAL PHASING; BAND-

SPREAD; A.N.L. ON/OFF; A.F. GAIN; PITCH CON-

TROL; B.F.O. ON/OFF; SEND-REC.; "S” meter adjust-

ment on rear of chassis. 

EXTERNAL CONNECTIONS: 

Antenna terminals arranged for doublet or single 
wire antenna. Speaker output for either 500 or 5000 
ohms. Standby terminals for external control of re-

ceiver in conjunction with transmitter. Line cord and 
plug. Special socket, normally shorted by octal plug, 

for use of external power supply or batteries. All 
connections are moulted on rear of chassis except 
headphone ¡ack on panel. 

PHYSICAL CHARACTERISTICS: 

The SUPER-DEFIANT, Model SX-25 is mounted in a 
steel cabinet finished ia gray wrinkle lacquer. Orna-
mental metal grills in E ither end provide ventilation. 

Chassis is cadmium plated steel. 

DIMENSIONS: 

Receiver cabinet only- 19 1/2 " long by 9y," high by 
11 1/4  deep. 

WEIGHT: 

Model SX-25-38 pounds. 
Packed for shipment-46 pounds. 

TWELVE TUBES: 

1-6SK7 
1-6SK7 
1-6K8 

1-6SK7 
1-65K7 
1-6SQ7 
1-6507 
2-6F6 
1-6H6 
I —6J5GT 
1-80 

lst r.f. Amplifier 

2nd r.f. Amplifier 
1st Detector-Mixer, h.f. Oscillator 
1st if. Amplifier 

2nd i.f. Amplifier 
2nd Detector, a.v.c. 1st Audio Amplifier 

Phase Inverter 
Push-pull Audio Output Stage 
Automatic Noise Limiter 
Beat Frequency Oscillator 

Rectifier 



Compact • Reliable 

TOP PERFORMANCE IN 

The Hallicrafters SKY CHAMPION, Model 
S- 20R is probably the greatest value ever 
offered in communications receivers. Its 
simplicity of design, excellent workman-
ship, and sturdy construction insure long, 
satisfactory service and make traditional 
Hallicrafters performance available to the 
purchaser of an economical receiver. 

In common with its larger brothers, the 
Model S-20R has a distinguished war rec-
ord, and like them, it has been strength-
ened and improved to cope with military 
requirements. Large quantities have been 
produced for the armed forces and have 
been used for training and communications 
purposes where performance was impor-
tant; but the use of a complicated receiver 
was not justified. It is a compact, reliable 
receiver offering top performance in the 
low price field. 

FEATURES 
1. Frequency range 550 kc. to 43 Mc., continuous in 

four bands. 

2. Main tuning dial accurately calibrated in mega. 
cycles. 

3. Separate electrical bandspread dial. 
4. Beat frequency oscillator, pitch variable from 

front panel. 
5. A.v.c. switch. 
6. B.f . 0. switch. 
7. Send-receive switch. 
B. Automatic noise limiter. 

9. Separate r.f. and c.f. gain controls. 
10. Provision for battery or external power supply 

operation. 
11. 21/2 -watt output stage. 
12. Three- position tone control. 
13. Provision for break-in operation. 
14. Provision for external S meter. 
15. Inertia flywheel tuning on bandspread dial. 

16. Internal rubber shock mounted 5" dynamic 
speaker. 

THE LOW PRICE FIELD 

CONTROLS: 

R.F. GAIN; BAND SWITCH; AUDIO GAIN; MAIN 
TUNING; A.V.C. ON/OFF; B.F.O. ON/OFF; BAND-
SPREAD TUNING; A.N.L. ON/ OFF; TONE A.C. OFF/ 

HIGH/MED./ LOW; PITCH CONTROL; SEND-REC. 

EXTERNAL CONNECTIONS: 

Antenna terminals for doublet or single wire an-

tenna. Line cord and plug. Special socket for opera-
tion from external power supply. All connections ex-
cept headphone jack are mounted on rear of chassis. 

PHYSICAL CHARACTERISTICS: 

Components of the Model S.20R are mounted on a 
strong cadmium-plated steel chassis. Cabinet is of 
steel finished in machine tool gray enamel with 
chrome trim. Internal five- inch dynamic speaker is 
held in rubber stock mounts. 

DIMENSIONS: 

Cabinet only- 18 1/2 " long by 8t/2" high by 9%" 

deep. 

WEIGHT: 

Packed for shipment-32 pounds. 

NINE TUBES: 

1 —65K7 

1 —6K8 
1-65K7 
1 —6SK7 
1-6507 

1 —6F6G 
1 —6H6 
1-6.15GT 
I — 80 

R.f. Amplifier 
1st Detector-Mixer, h.f. Oscillator 
1st if. Amplifier 
2nd if. Amplifier 
2nd Detector, a.v.c. and 1st Audio 

Amplifier 
2nd Audio Amplifier 
Automatic Noise Limiter 
Beat Frequency Oscillator 
Rectifier 



AN EFFICIENT MARINE RECEIVER AT A MODERATE PRICE 

The Hallicrafters Model S- 22R is specifi-

cally designed for marine service cover:rig 

frequencies from 110 kc. to 18 Mc. Maxi-

mum convenience is assured through the 

use of a directly calibrated main turring 

dial and the division of bands so that call-

ing and working frequencies lie in the 

same band. An effic.ent mechanicol band-

spread with separate dial provides for 

easy logging. Excellent image rejection on 

the higher frequencies is achieved by the 

use of a I 600 kc. if. amplifier. 

Special precautions have been taken to 

protect the Model S-22R aga'nst he haz-

ards of salt sea atmosphere. Miccs trimmer 

condensers are treated to maintain + heir 

adjustment, transformers are impregnated, 

and the chassis is Rickel plated. 

Many boats are provided with 110 volts 

d.c. and the SkyRider Marine is designed 

for a.c. d.c. operation. This feature makes 

the Model S- 22R valuable for us.e ashore 

where a high performance receiver to 

operate from a d.c. line is desired. 

FEATURES 

1. Frequency range 110 kc. to 18 Mc. in four bands. 
2. Main tuning dial accurately calibrated in mega-

cycles. 
3. Mechanical bandspread with separate dial. 
4. Beat frequency oscillator, pitch variable from 

front panel. 
5. A.v.c. switch. 
6. B.f.o. switch. 
7. Send- receive switch. 
8. Separate r.f. and a.f. gain controls. 
9. Variable tone control. 

1 O. Inertia flywheel tt.ning. 
11. A.c. d.c. operation. 
12. 1600 kc. iron core- i.f, for maximum image rejec-

tion. 
13. Internal rubber shock mounted 5" PM speaker. 

CONTROLS: 

R.F. GAIN; BAND SWITCH; AUDIO GAIN; A.V.C. 

ON/OFF; MAIN TUNING; B.F.O. ON/OFF; TONE 
CONTROL; PITCH CONTROL; SEND-REC. 

EXTERNAL CONNECTIONS: 

Antenna terminals arranged for doublet or single 
wire. Line cord and plug. Phone jack on panel. 

PHYSICAL CHARACTERISTICS: 

The Model S- 22R is mounted in a steel cabinet fin-

ished in black wrinkle lacquer with chrome trim. 
Steel chassis is nickel- plated. Five- inch PM dynamic 

speaker is built in. 

DIMENSIONS: 

Cabinet only- 113l/2" long by 81/2 " high by 9%" 

deep. 

WEIGHT: 

Packed for shipment-31 pounds. 

EIGHT TUBES: 

1 —6SK7 
1 —6K8 

1-6SK7 
1-6SK7 
1-6507 
1-2516 
1-6.15 
1-25Z5 

R.f. Amplifier 
1st Detecior-Mixer, h.f. Oscillator 

1st if. Amplifier 
2nd if. Amplifier 
2nd Detector, a.v.c., 1st of. Amplifier 

2nd of. Amplifier 
Beat Frequency Oscillator 
Rectifier 
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The new .Hallicrafters a.m./f.m. receiver, 

Model S- 36A, is designed for maximum 

perform once on tu e very high frequences. 

Using acorn tubes in the r.f. amplifier, first 

detector and high frequency oscillator cir-

cuits, the S- 36A provides continuous fre-

quency coverage from 27.8 to 143 mega-

cycles. Either a limiter and discrimirator 

for f.m, or a third if. amplifier, diode (le-

tector and noise limiter for a.m. may be 

switched' We:, the circuit from the front 

hallirrafters RADIO 

panel. A beat frequency oscillator is pro-

vided for the reception of c.w. telegraph 

signals. lie S- 36A incorporates a . new 

3-watt audio system with a response curve 

which is essentially flat from 40 to 15,000 

cycles. All components are of the highest 

quality and the entire receiver is designed 

for service in any c imate. Combining f.m., 

a.m., and c.w. telegraph reception one 

superb urit. the S- 36A provides trie utmost 

in very- nigh-frequency reception. 



VHF VERSATILITY 
Outstanding for Sensitivity— Stability— High Fidelity 

FEATURES 

1. Frequency range 27.8 Mc. to 143 
Mc. continuous in three bands. 

2. Main tuning dial accurately cali-
brated in megacycles. 

3. Mechanical bandspread dial. 
4. R.f. stage with acorn tube. 
5. Beat frequency oscillator, pitch 

variable from panel. 
6. A.v.c. switch. 
7. B.f.o. switch. 
8. Send-receive switch. 

9. Automatic noise limiter. 
10. Separate r.f. and of, gain controls. 
11. Push.pull high fidelity output stage. 
12. 4-position tone control with bass boost. 
13. Provision for break-in operation. 
14. 500 or 5000 ohm output plus special balanced 

600 ohm line. 
15. Sharp-broad selectivity switch. 
16. Dual purpose S and tuning meter. 
17. Oscillator compensated for frequency drift. 
18. Antenna compensator mounted on panel. 

19. R.f. assembly easily removed for servicing. 
20. Inertia flywheel tuning. 

21. Hermetically sealed transformers and reactors. 
22. All paper condensers oil impregnated and her-

metically seqled. 
23. Moisture proofed wiring. 
24. F.ri./a.m. switch. 
25. Switch on chassis permits operation on 115 or 

230 volts a.c. 
26. Line fuse on panel. 
27. Improved geor drive in dust proof housing. 
28. " 5" meter adjustable from front panel. 

CONTROLS: 

R.F. GAIN; A.V.C. ON/OFF; BAND SWITCH; AN. 
TENNA; SEND- RECEIVE; SELECTIVITY; TONE; A.N.L. 
ON OFF; TUNING; PITCH CONTROL; METER AD-
JUSTMENT; B.F.O. ON , OFF; A.M./ F.M.; A.F. GAIN. 

EXTERNAL CONNECTIONS: 

Input terminals for single wire and doublet antennas. 
500 ohm, balanced 600 ohm, and 5000 ohm terminals 
for speaker. line cord and plug. Octal socket on 
rear of chassis permits operation from external 
powei source such as batteries and makes provision 
for remote stand-by switch. This socket is normally 
shorted by octal plug. Line fuse is mounted on front 

panel. 

PHYSICAL CHARACTERISTICS: 

All components of the S-36A are mounted on a heavy 

steel chassis which is provided with special end 
plates for ease of maintenance. High frequency r.f. 
section is built in a separate chassis which may 
easily be removed for servicing. Cabinet is of steel 
finished in black wrinkle lacquer. Military type shock 

mounting is available if desired. 

DIMENSIONS: 

Model S-36A-19 1/4 - wide by 91/2 " high by 15 34" 

deep. 

Model S-36A with military type shock mounting-
21 1/2 " wide by 11 1/2 " high by 15 3/4" deep. 

WEIGHT: 

Packed for shipment-95 pounds. 

FIFTEEN TUBES: 

1-956 (Acorn) Radio Frequency Amplifier 
1-954 (Acorn) Converter-Mixer 
1-6AC7 or 1852 First if. Amplifier 
1-6AB7 or 1853 Second if. Amplifier 
1-65K7 Third if. Amplifier 
1-6H6 A.m. Detector and Automatic Noise 

Limiter 
1-6AC7 or 1852 F.m. Limiter 
1 —6H6 
1 —6S1.7GT 
1—VR150 
2-6V6GT 
1 —5U4G 
1 —6J5 
1-955 

F.m. Discriminator 
Audio Amplifier 
Voltage Regulator 
Power Audio Amplifier 
Rectifier 
Beat Frequency Oscillator 
(Acorn) High Frequency Oscillator 
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The Highest Frequency Range of Any Gen-

eral Coverage Commercial Type Receiver 

The new Model S-37 has been designed to 

fill the need for very- high-frequency re-

ceiving equipment with the performance 

characteristics of Hallicrafters' top com-

munications receivers and a frequency 

range extending above 200 Mc. Basically 

similar to the Model S - 36A this new receiv-

er incorporates the latest developments in 

v.h.f, circuit design and provides sensitivity 

and select:vity in tile range from 130 to 

210 Mc. tnat is in every way comparable to 

the performance of fine communications 

receivers on the standard frequencies. 

A new pre- loaded gear drive with sep-

arate bandspread dial provides ease of 

tuning and the entire range of the receiver 

is covered without band switching. Two r.f. 

stages are used and, in conjunction with an 

intermediate frequency of 18 Mc., assure 

an amazin,gly high ratio of image rejection. 

Hermetically sealed transformers and ca-

pacitors make the Model 5-37 suitable for 

use in any climate. 

This new -eceiver again emphasizes Hal-

licrafters pre-eminence in the commercial 

production of vhf. equipment. 



MODEL S in37 (FM • AM) 

FEATURES 
1. Frequency range continuous from 130 Mc. tó 210 

Mc. 
2. Main tuning dial accurately calibrated in mega-

cycles. 
3. Mechanical bandspread dial. 
4. Two r.f. stages with acorn tubes. 

5. A.v.c. switch. 
6. Send- receive switch. 
7. Automatic noise limiter. 
8. Separate r.f, and of, gain controls. 

9. Variable tone control. 
10. Provision for break-in operation. 
11. 500 or 5000 ohm output. 
12. Dual purpose S and tuning meter. 
13. Oscillator compensated for frequency drift. 
14. Antenna compensator mounted on panel. 
15. R.f. assembly easily removed for servicing. 
16. Inertia flywheel tuning. 
17. Hermetically sealed transformers and reactors. 
18. All paper condensors oil impregnated and her-

metically sealed. 
19. Moisture- proof wiring. 

20. F.m./a.m. switch. 
21. Provision for operation on 115 or 230 volts a.c. 
22. Line fuse on rear of chassis. 
23. Improved gear drive in dust proof housing. 
24. " S" meter adjustable from front of panel. 
25. 18 Mc. i.f. for maximum image rejection. 

CONTROLS: 

R.F. GAIN; POWER ON/OFF; ANTENNA; A.V.C. 

ON/OFF; A.F. GAIN; A.N.L. ON/OFF; TUNING; S-

METER ADJ; AM/FM; SEND/REC; TONE. 

EXTERNAL CONNECTIONS: 

Input terminals for sinsple wire and doublet antennas. 
500 ohm, and 5000 ohm terminals for speaker. Line 
cord and plug. Octal :socket on rear of chassis per-
mits operation from external power source such as 
batteries and makes Drovision for remote stand-by 
switch. This socket is hormolly shorted by octal plug. 
Line fuse is mounted on rear of chassis. 

PHYSICAL CHARACTERISTICS: 

All components of the S-37 are mounted on o heavy 
steel chassis which u provided with special end 
plates for ease of maintenance. High frequency ri. 
section is built in a separate chasis which may easily 
be removed for servic ng. Cabinet is of steel finished 
in black wrinkle lacquer. Military type shock mount-

ing is available if desired. 

DIMENSIONS: 

Model 5-37-19 1/4 " wide by 91/2 " high by 14-13/16" 

deep. 

WEIGHT: Packed for hipment-95 pounds. 

FOURTEEN TUBES: 

2-954 (Acorn) Radio Frequency Amplifiers 
1-954 (Acorn) Converter-Mixer 
1-6AC7 or 1852 Fi-st if. Amplifier 
1-6A87 or 1853 Second if. Amplifier 
1-6SK7 Third if. Amplifier 
1-6H6 A.M. Detestar and Automatic Noise Limiter 
1-6AC7 or 1852 F.M. Limiter 

1-6H6 F.M. Discr minotor 
1-6SC7 Audio Amplifier 
1—VR150 Voltage Ragulator 
1-6V6GT Power Auc io Amplifier 
1-5U4G Rectifier 
1-955 (Acorn) High Frequency Oscillator 

hallirrafters RADI 



192 

hen-afters ROJO 

The new SKY RANGER is a 9-tube com-

munications receiver which combines 

the utmost in convenience with a high 

order of performance. 

Incorporating elec-rical bandspread, 

b.f.o. for c.w. reception, automatic noise 

limiter, and the standard controls found 

on good communications receivers, the 

light weight, high sensitivity and col-

lapsible built- in an'enna of the Sky 

Ranger make it an ideal portable re-

ceiver. It may be operated on either 115 

volts a.c. or d.c. or on its own self-con-

tained batteries. Frequency coverage is 

continuous from 540 kc. to 30.5 Mc. in 

4 bands. 



WIODEL Ul D3 

411•1e4 Y-

FEATURES 

OMMUNICATIO 

MADE 

1. Operates from its own self contained batteries 

or 115 volts a.c. or d.c. 
2. Frequency range 540 kc. to 30.5 Mc. continuous 

in four bands. 
3. Main tuning dial accurately calibrated in mega-

cycles. 
4. Separate bandspread dial. 
5. R.f. stage used on all bands, 
6. Beat frequency oscillator. 

7. A.v.c. switch. 
8. B.f.o. switch. 
9. Send- receive switch. 

10. Automatic noise limiter. 

11. Separate r.f. and a.f. gain controls. 
12. Collapsible built-in antenna. 

13. Moisture-proof wiring. 
14. Components impregnated for use in tropical 

climates. 
15. Neon on/off indicator to prevent waste of bat-

teries. 
16. Permeability tuned r.f. and if, stages. 

17. Plug-in type filter capacitors. 
18. Completely rainproofed for outdoor use. 

CONTROLS: 

MAIN TUNING; BANDSPREAD TUNING; A.F. GAIN; 

R.F. GAIN; BAND SWITCH; POWER SWITCH; A.N.L. 

ON OFF; A.V.C. ON/OFF; STANDBY ON/OFF; 

B.F.O. ON'OFF. 

EXTERNAL CONNECTIONS: 

Socket and plug are provided to connect doublet or 
single wire antenna. A.c./d.c. power cord is carried 

in a closed compartment at rear of set. Phone jack 

permits use of headphones and shuts off loud speak-

er automatically. 

PHYSICAL CHARACTERISTICS: 

The S-39 is housed in a strong steel cabinet finished 
in olive drab wrinkle lacquer. All components are 

mounted on a pressed steel chassis and the entire 
receiver is designed for hard service. Particular care 
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has been taken to make all components easily ac-

cessible for servicing. 

DIMENSIONS: 

Cabinet alone- 71/2 " high by 83/4" wide by 13 1/2 " 

deep. 

Over all: 81/2 " high by 83/4- wide by 15 1/4" deep. 

WEIGHT: 

Model S-39-28 pounds, with batteries. 

NINE TUBES: 

1-174 R.f. Amplifier 

1-1R5 Mixer 
1-1P5GT First if. mplifier 
1 — 1P5GT Second if. Amplifier 
1-1H5GT Second D.ctector, First Audio Amplifier 

and a.v.c. 
1-1H5GT Beat Frequency Oscillator, Automatic 

Noise limiter 
1-305GT Second Audio Amplifier 

1-35Z5GT Rectifier 



Hallicrafters single tube converter Model 

CN-1 is housed in a small case suitable for 

mounting inside console type FM receiver 

as shown in inset at right. It is provided 

with universal mounting bracket, power 

take off plug and cable which is inserted 

under one of the final amplifier tubes of the 

receiver. Requires single hole in receiver 

panel to accommodate the four- position 

control switch. This switch selects any one 

of the three operating ranges or discon-

nects the converter, thus permitting normal 

operation of the receiver. All tuning is 

done with the regular receiver dial. 

This model is recommended for use in 

areas having normally high signal strength. 

Uses a single type 7N7 dual triode as 

mixer-h.f. oscillator. Compact, inexpensive 

and easy to install. 

hallicrafters RADIO 
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to make present FM sets 
work at 88-108 Mc. 
Hallicrafters FM converters will prevent 

obsolescence of present FM receivers cov-

ering the 42-50 Mc. band when all FM 

broadcasting is transferred to the new 

band of 88-108 Mc. Operating on the 

principle of the double super heterodyne 

they are designed to feed into the antenna 

input circuit of any FM receiver. 

To meet the requirements of widely dif-

ferent operating conditions three models 

are offered — a one-tube unit which can be 

installed inside the cabinet of practically 

any FM receiver, and three- and five-tube 

models, housed in attractive wood cabi-

nets. These larger models incorporate their 

own power supplies and provide greater 

sensitivity and selectivity. 

e three-tube and five-tube con-
verters, Models CN-3 and CN-5, 
shown at right, are intended for 
se where maximum sensitivity and 

selectivity are required. In thes 
models the receiver is set at 42 M 
and tuning is done with the con 
verter dial. Separate oscillator and 
mixer tubes are used. In addition 
the five-tube model has two tuned 
r.f. stages. Power supply for use 
on 115 volt 60 cycle current is 

ODEL CN-

ODEL CN-5 



The HaWcrafters PANORAMIC RECEIVER, 

Model S-35 is one of the newest and most 

interesting applications of the cathode-ray 

tube. This equipment, a special adaoter 

mounted complete with an SX-28A receiv-

er, makes aossible the visual monitoring of 

whole sections of the f-equency spectrum 

up to 10o kc. in width. All stations on the 

air in the portion of the spectrum being 

monitored are visible on the screen of the 

S-35. The station which is audible in the 

speaker or headphones always appears in 

the center of the oscilloscope screen. As 

the receiver is tuned the entire picture shifts 

across the screen. 

The panoramic adapter unit consists of a 

chassis and pane: of approximately the 

same dimensions as the SX-28A. Only one 

electrical connection is made between the 

adapter and the SX-28A and it does not 

interfere in any way with the normal opera-

tion of the receiver 

NOTE: All of the following are in addition to the 

normal equipment of the standard Model SX-28A 

receiver. 

CONTROLS: 

R.F. GAIN; SWEEP WIDTH ; A.V.C. ; VERTICAL 

HORIZONTAL (gain); POWER ON/OFF. 

EXTERNAL CONNECTIONS: 

Line cord and ¡Aug. Input lead from mixer stage of 

SX-28A. 

PHYSICAL CHARACTERISTICS: 

Panoramic adapter components are mounted on a 
steel chassis. Panel is of same dimensions as the 

SX-28A. Panel has etched black leatherette finish. 

Panel and chassis are joined by rugged end braces, 
and adapter unit and SX-28A are mounted together 

in sturdy metal cabinet finished in gray wrinkle 
lacquer. 

DIMENSIONS: 

Cabinet only, 20 1/2" wide by 18%" high by 18' 
deep. 

WEIGHT: 

Model S-35-105 pounds. 

Packed for shipment- 166 pounds. 

FOURTEEN TUBES: 

1 —65G7 
1-6SA7 
1-65K7 

1-6S07 
1-6SN7GT 
1-6S17 

1-6AC7 
/-6J5 
1-65C7 
1-2X2, 879 
1-80 

1—VR105 
1—VR150 
1-5AP1 

455 kc. Input Amplifier 
1st Detector 

100 kc. if. Amplifier 

2nd Detector and Vertical Amplifier 
Sawtooth Oscillator 
Return Trace Blanking Tube 
Reactance Modulator 

R.f. Oscillator 
Horizontal Amplifier 

High Voltage Rectifier 
low Voltage Rectifier 

Voltage Regulator 
Voltage Regulator 
Cathode-ray Tube 
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Home from the wars 

.... ready for peace 

MODEL 

-u-
.11 Alm. 

"The Voice of Victory" 

hallierafters RADIO 



Telephone and . . 

Telegraph Transmitter 

Hallicrafters' Model HT-4E transmitter has 
the most distinguished war record of any 
piece of radio communications equipment. 
First produced several years before Pearl 
Harbor and designed to meet the require-

ments of the most exacting amateur oper-

ators, the Model HT-4 was selected as the 
transmitter for the SCR-299 mobile radio 

station. This famous Signal Corps unit, built 
by Hallicrafters, has been acclaimed by 

high military authorities as " the best piece 
of radio equipment in any army." 

The performance of this superb transmit-
ter on every battle front and under the most 

adverse conditions has become one of the 
great !egends of the war. Originally in-

tended for use as a mobile unit over ranges 

of a few hundred miles, the SCR- 299 so far 
surpassed expectations that it was soon 

operating in long distance service over 
thousands of miles. Commanding officers in 

the field diverted many of them to use 

as fixed headquarters stations. SCR- 299's 

were set up as permanent broadcast trans-
mitters in the far corners of the earth, and, 

dismounted from their trucks, they have 

been flown into the most remote outposts, 

there tc establish vital communications. All 

of these outstanding accomplishments were 

made possible by the sterling performance 
and rugged construction of the HT-4 and 
its successors. 

Radio operators who were acquainted 
with the pre-war Model HT-4 are not sur-

prised at its wartime achievements but they 

will be more than pleased with the many 
refinements and conven;ences now avail-

able in the new Model HT- 4E. Like other 

Hallicrafters products, this transmitter has 
undergone a continuous series of modifica-

tions and improvements to cope with the 
hazards of war and most of these refine-

ments will prove as valuable to the amateur 
operator as they have to the Signal Corps. 
Among these wartime changes are: adop-

tion of vacuum padding capacitors for low 
frequency operation, redesign of exciter 

tuning units to permit v_f.o. as well as 
crystal-controlled operation, addition of 
guide channels to make the insertion of 

tuning units easy and positive, addition of 

a remote control relay to switch from phone 

to c.w. and vice-versa, use of a side-tone 
oscillator in the speech amplifier to permit 
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monitoring of c.w. transmissions, addition 

of locking rings to hod tubes firmly in posi-

tion, slight redesign of cabinet for greater 

rigidity, and many others. 

Refined and strengthened, battle tested 
under every conceivable hardship, and 

built by the thousands for service on every 

continent, the Hallicrafters HT-4E is ready 

for the reopening of amateur radio. 

With the return of peace, this high-

power transmitter again takes its place in 
the leading amateur stations and will once 
more be heard around the world. The 

proud owner of a new Hallicrafters HT-4E 
can rest secure in the knowledge that he 

has " the best piece of radio equipment" in 

any amateur station. 

FEATURES 

1. Coils available for frequency range 1.5 Mc. to 18 

Mc 

2. Power output 450 watts c.w., 325 watts phone 

(continuous operation). 

3. Oscillator and buffer stages may be pretuned for 

any three operating frequencies and selected by 
o panel switch. 

4. High level class B modulation 

5. Plug-in pre-tuned r.f. exciter units. 

6. Transmitter may be remotely controlled and 
keyed from speech amplifier. 

7. Crystal or v.f.o. operation. 
8. All operating controls on front panel. 

9. Phone-c.w. operation controlled by single switch. 

10. Break-in operation provided for. 
11. Metering of all exciter stages and power am-

plifier grid current through meter switching. 

12. All components plainly identified. 
13. Voltage regulated oscillator power supply. 

14. Optimum LC ratio on all bands due to plug-in 

vacuum padding condenser. 
15. Heavy duty components used throughout. 
16. Compact, unit style construction for maximum ef-

ficiency. 
17. Filament voltage adjustment. 
18. Modulator bias adjustment. 
19. Filament power switch. 

20. Exciter power switch. 
21. Plate power switch. 
22. High voltage protect switch. 

23. Overload reset button. 
24. Phone-c.w. switch. 

25. Four power supplies. 
26. Dual overload relays in high voltage supply. 

27. Phone-c.w. relay. 
28. Plate power relay. 
29. Filament voltmeter on power amplifier. 

30. Power amplifier plate current meter. 
31. All fuses on front panel. 
32. Dial lock on power amplifier tuning. 
33. Guides for easy insertion of r.f. exciter units. 
34. Tuning chart pocket on panel. 
35. Overmodulation limiter on speech amplifier. 
36. Modulator plate meter in speech unit for monitor-

ing. 
37. Sidetone oscillator ( keying monitor). 

hallirrafters RADIO 
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CONTROLS: 

PLATE TUNING; EXCITATION METER SWITCH; BAND 

SWITCH; CW/PHONE; OVERLOAD RESET; FILAMENT 

POWER; EXCITER PLATE POWER; HIGH VOLTAGE 

PROTECT; PLATE POWER; FILAMENT VOLTAGE 

MODULATOR BIAS. On speech amplifier; GAIN; 

MOD. LIMITER; SIDETONE ON/OFF; TRANS. ON 

TRANS. OFF. 

Note: Three tuning units may be plugged into ex-

citer unit at one time. Each unit has controls for 

OSCILLATOR, DOUB., and INT. AMP. These are pre-

tuned and the desired channel is selected by the 

BANDS WITCH. 

METERS: 

P.A. PLATE; EXCITATION METER; FIL. VOLTAGE; 

MODULATOR PLATE METER (on speech amplifier.) 

EXTERNAL CONNECTIONS: 

A.c. plug and cord, antenna terminals, socket for 

speech amplifier input and power; key and micro-

phone inputs on speech amplifier panel. 

PHYSICAL CHARACTERISTICS: 

All components of the HT-4E are mounted on heavy 

steel chassis, finished in gray lacquer. Cabinet is of 

SPEECH AMPLIFIER 

MODEL HT-5E 

heavy gauge steel, finished in black wrinkle. Speech 

amplifier is in its own table model cabinet, finished in 

black wrinkle. 

DIMENSIONS: 

Model HT-4E overall: 32%" wide 

21%" deep. 

WEIGHTS: 

Model HT-4E: 412 pounds. 

Packed for shipment. 500 pounds. 

TWENTY-THREE TUBES: 

1-6V6GT 

1-6L6 

2-807 

1-250TH 

3—VR150 

2-5Z3 

2- 100TH 

2-2A3 

2-866 

1-6507 

1-6SN7GT 

1-6SN7GT 

1-6SR7 

1-6SN7GT 

1-80 

by 39%" high by 

Crystal or v.f.o. Oscillator 

Intermediate Amplifier 

Buffer Amplifiers 

R.f. Power Amplifier 

Voltage Regulators 

Rectifiers 

Class B Modulators 

Class B Drivers 

High Voltage Rectifiers 

Microphone Amplifier 

Speech Amplifier 

Phase Inverter 

Push-pull Output 

Modulation Limiter 

Sidetone Generator 

Speech Amplifier Power Supply Rectifier 

"With the return of peace, this high-power 

transmitter again takes its place in the 

leading amateur stations and will once 

more be heard around the world. The 

proud owner of a new Hallicrafters HT-4E 

can rest secure in the knowledge that he 

has 'the best piece of radio equipment' in 

any amateur station.“ 



NTENNA TUNING 
• The antenna tuning units shown on this page were diesigned 

• for use with the Model HT-4E transmitter. With these two 

units the transmitter can be matched to any type or size of 

antenna with the maximum possible transfer of energy. 

MODEL AT- 2 

ANTENNA TUNING UNIT 

Designed for use with a two wire trans-
mission line, this unit employs the well 
known pi-section network. Has heavy 
duty capacitors and ceramic insulated 
plug-in inductances and is equipped 
with an antenna changeover relay to 
permit the use of one antenna for trans-
mitting and receiving. 

DIMENSIONS: 

Model AT-2 overall: 22%" wide by 9" high by 
19 1/4" deep. 

WEIGHT: 

Model AT- 2: 33 pounds. 
Packed for shipment: 39 pounds. 

MODEL AT- 3 

ANTENNA TUNING UNIT 

This unit which was used in recent ver-
sions of the SCR- 299 represents an out-
standing achievement in high-frequency 
design. Covering all frequencies be-
tween 1.5 and 18 Mc. without the use of 
plug-in inductances, the Model AT-3 will 
tune any single wire antenna from a fif-
teen foot whip to a long wire. This unit 
is ceramic insulated to withstand the 
high r.f. voltages which are generated 
when antennas are operated far below 
their fundamental frequencies and will 
prove invaluable to the operator who is 
compelled to use an antenna of inade-
quate size. 

DIMENSIONS: 

Model AT-3 overall: 10 1/4" wide by 14 1/4  high by 
24" deep. 

WEIGHT: 

Model AT-3: 48 pounds. 
Packed for shipment: 56 pounds. 

• 
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MODEL 

TELEPHONE AND TE [[GRAPH TRANSMITTER 

Hallicrafters' Model HT-9 is an ideal me-

dium power transmitter. Designed for max'-

mum flexibility and convenience, it is con--

pletely self-contained, requiring only .2 

microphone or key, antenna, and source of 

115-volt a.c. power to go on the air. 

Five irdividual plug-in tuning units cnd 

crystals may be accommodated in the ex-

citer section simultaneously. Band switch-

ing is easily accomplished by changing one 

coil in the final amplifier and selecting the 

desired exciter frequency by means of a 

panel switch. Exciter units are pre-tuned 

and the only additional operation needed 

is a slight adjLstrrent of the final tank tun-

ing 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 mcdulator cathode circuit. 

All controls are conveniently arranged or 

the panel' and a safety interlock switch is 

providied for protection against accidental 

shock when, th e cabinet is o:pen. 

FEATURES 

1. Frecuency range 1500 Ic. n 18 Mc. and arnc› 
teur 28 M.:. bard. 

2. Power output 100 wotte on c.w., 75 watts on 
phone. 

3. Five opening frequen:ies may be pre-set in 

the Dsalator aid buffer doubler stages and se-

lected ct will by means of trie bandswitch. 

4. 100 percen• modulation with low distortion. 

5. All operat rá controls on front par el. 

6. Metering of :athode curent of exciter or modu-

lator, powe• an-plifier grid, cnd power amplifier 
plate. 

7. Input for cry mediun level, high impedance 
microphone 

8. Carrier hum more than 40 db. below 100% 

modulation. 

9. Frequency response flat -vithin 3 db. from 100 to 
5000 cycles. 

10. Antenna. coil will match any resistive load from 

10 to 600 oFms. 

11. Line fuses mounted on rear of chassis. 

12. Convenient table mounting. 

13. Rugged constru:tion and oversize components 

assure d'ependaDle operation, 



CONTROLS: 

AUDIO GAIN, (speech amplifier) OFF; CATHODE 

CURRENT EXC.-MOD.; PLATE PWR. ON/OFF; FIL. 

PWR. ON/OFF; C.W.-PHONE; BAND SWITCH; 

TRANSMIT-STANDBY; PLATE TUNING. 

METERS: 

CATHODE CURRENT; P.A. GRID; P.A. PLATE. 

EXTERNAL CONNECTIONS: 

Antenna terminals. Terminal strip for key, antenna 

relay, and remote control of receiver. Line cord and 

plug. Two line fuses. Microphone input connector (on 

left end of cabinet). All connections except micro-

phone are located on rear of chassis. 

PHYSICAL CHARACTERISTICS: 

The Model HT-9 is constructed on a heavy cadmium 

plated steel chassis. Cabinet is of steel finished in 

black wrinkle lacquer and is provided with heavy 

rubber mounting feet. Ventilating openings in top 

and sides assure adequate cooling. Interlock switch 

under lid cuts high voltage supply when cabinet is 

opened. 

DIMENSIONS: 

Model HT-9, overall clearance: 29 1/2 " wide by 12 1/2 " 

high by 20 1/4 " deep 

WEIGHT: 

Model HT-9 transmitter: 120 pounds. 

Packed for shipment. 160 pounds. 

TUNING UNITS: 

Final amplifier coils and exciter tuning units are 

available for the 3.5, 7, 14 and 28 Mc. amateur 

bands. General coverage coils and units for all fre-

quencies between 1.5 and 18 Mc. may be obtained 

on special order. 

FOURTEEN TUBES: 

I — 6L(5 Crystal Oscillator (used above 8 Mc. only) 

1-6L6 Crystal Oscillator or Doubler 

1-814 Final r.f. Amplifier 

1-65.17 1st Speech Amplifier 

1-615 2nd Speech Amplifier 

4-616 Push-pull Parallel Modulator Stage 

2-523 Rectifiers 

1-80 Rectifier 

2-866 Rectifiers 

hallirrafters RADIO 
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MODEL 

li-
SL 

Telephone and Telegraph Transmitter 

Filling a long felt need for a low cost high 
performance transmirter, the HT-6 offers 
most of the desirable features found in 
Hallicrafters' larger units. Complete sets of 
coils and crystals for any three bands may 
be plugged in, pre- tuned, and selected at 
will by means of a panel switch. All operat-
ing controls are conveniently arranged on 
the front panel. Metering of all circuits is 
provided by a switch which places the 
meter in the proper circiit. E.c.o, operation 
is available at any point in the amateur 
bands if desired. 
A high quality audio system assures com-

plete modulation, and is designed for use 
with any medium level microphone. Sockets 
on rear of chassis permit emergency opera-
tion from external power supplies. 

FEATURES 

1. Frequency range amateur bands from 3.5 Mc. to 
60 Mc. General coverage, 1.5 to 54 Mc. on spe-
cial order. 

2. Normal power output 25 watis, phone or c.w. 
3. Three operating frequencies may be pre-set in 

the transmitter ana selected by means of the 
banclswitch. 

4. 100 percent modulation with low distortion. 
5. All operating controls on front panel. 

6. Metering of all circu.ts through use of multi-
range meter and switch. 

7. Input for any medium level, high impedance 
microphone. 

8. Carrier hum more than 40 db. below 100% 
modulation. 

9. Frequency response flat within 3 db. between 
125 and 5000 cycles. 

10. Antenna coil to match all common resis'ive loads. 
11. Line fuse mounted on rear of chassis. 

12. Convenient table mounting. 

CONTROLS: 

AUDIO GAIN; METER SWITCH; CW/PLATE 
OFF, PHONE SWITCH ; BAND SWITCH; PLATE CIR-

CUIT TUNING; ON/OFF; TRANSMIT/STANDBY 

EXTERNAL CONNECTIONS: 

Antenna terminals. Line cord and plug. Microphone 

input socket. Remote cont,o1 socket Two external 
power supply sockets. 

PHYSICAL CHARACTERISTICS: 

All component,, of the HT-6 are mounted on a rugged 

gray lacquered steel chassis, and housed ; n an at-
l'active steel cabinet finished in machine tool gray. 

DIMENSIONS: 

Mode' HT-9-20" wide by 9" high by 15" deep. 

SHIPPING WEIGHT: 

67 poinds. 

TUNING UNITS: 

Final amplifier coils and exciter tuning units are 

available for the 3,5, 7, 14, 28 and 50 Mc. amateur 
bands. 

NINE TUBES: 

I — 6.15 
1-6L6 
1-807 
1-6507 
I —6SC7 
2-6L6G 
2-5Z3 

Oscillator (50 Mc. band only) 
Crystal or eco. Oscillator 
Power Amplifier 

Speech Amplifier 
Pnase Inverter 

Modulators 
Rectifiers 



MARINE RADIOTELEPHONE 
Safety - Convenience - Economy 

The Hallicrafters ENSIGN, Model HT- 11 
marine radiotelephone provides the safety 
and convenience of radio communkation 
at a price within the reach of all boat own-
ers. Comprising a 1 2-watt crystal kontrolled 
transm -tter and a five-tube superhetero-
dyne receiver mounted in a single small 
cabinet, the ENSIGN provides instantane-
oLs ship-to- shore and ship-to-ship radio-
telephone communication and excellent 
broadcast reception. Small enough to find 
roomii boats of ary size, the Model HT- 11 
is designed for complete reliability com-
bined with utmost simplicity of operation. 

TRANSMITTER FEATURES 

1. Instant selection of any 3 transmitter frequen-
cies, crystal- controlled. 

2. Twelve watts output. 

3. Transmitter may be used in the range 2000 kc. 
to 3000 kc. 

4. Car be used with any length antenna. 
5. Convenient " push to talk" operation. 
6. Separate economical low drain power supply. 
7. Rust and corrosion protected throughout. 
8. Small size for ease of installation. 
9. Car be supplied for use with any power source. 

10. Paret mounted chart for recording of operating 
frequencies. 

RECEIVER FEATURES 

1. Two bands; broadcast 550 kc. to 1700 kc. and 
nicrine 2000 kc. to 3000 kc. 

2. Receiver output may be switched to speaker ou 
handset. 

3. Bult in moisture resistant PM speaker. 
4. Illuminated, easily read tuning dial. 

CONTROLS: 

SPEAKER-PHONES; TRANSMITTER FREQUENCY; RE-
CEIVER TUNING; BAND-SWITCH; VOLUME; TRANS. 
FILS. ON/OFF. Push- to- talk button on hand-set. 

EXTERNAL CONNECTIONS: 

Antenna terminal on top of cabinet. Power cable 
plugs into receptacle at left end of cabinet. 

PHYSICAL CHARACTERISTICS: 

Both transmitter and rece,ver components are mount-
ed on a single nickle-plated chassis. Cabinet is fin-
ished in gray wrinkle acquer. Speaker grill and 
controls are on front of cabinet and handset is per-
manently connected and carried in cradle at left end 
of cabinet. 

POWER SUPPLY: 

Power supplies are avai able for the following volt-
ages: 6 volts d.c.; 12 volts d.c.; 32 volts d.c.; 115 volts 
d.c.; 115 volts a.c. 

Power supplies are mounted separately and are 
connected to the Model HT- 11 by a cable. 

DIMENSIONS: 

Cabinet only, 14 1/8" wide by 91/8" high by 91/4 " deep. 
Overall including handset on cradle 16 1/3" wide by 
10 1/8" high by 10" deep. 

D.c. Power Supply with Cover, 13" wide by 91/2 " high 
by 81/4 " deep. 

A.c. Power Supply with Cover, 91/4" wide by 71/4 " 
high by 73/4" deep. 

WEIGHT: 

Model HT- 11-31 pounds. 
D.c. power supply-21 pounds. 
A.c. power supply-21 pounds. 
Add 3 pounds to any of above for shipping weight. 

NINE TUBES: 

Receiver: 

1 —6SK7 R.I. Amplifier 
I —6K8 1st Detector, Mixer, h.f. Oscillator 
1-6SK7 1.1. Amplifier 
1-6507 2nd Detector, a.v.c., 1st a.f. Amplifier 
1-6K6G 2nd of. Amplifier 

Transmitter 

1-6V6 Crystal- controlled Oscillator 
1 —807 R.f. Amplifier Output Stage 
2-6V6 Push-pull Modulator Stage 
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Dependable communications on the high seas 

OMMODOR 

Marine Radiotelephone 

The new Hallicrafters COMMODORE, Mod-
el HT- 14 Marine Radiotelephone incorpor-
ates every feature experience has shown 
desirable for ship-to- shore and ship-to- ship 
telephone service. A commercial adapta-
tion of the famous Hallicrafters-built 
SCR- 543, the HT- 14 basic design has been 
literally " battle tested." With 6 crystal-
controlled channels selected simultaneous-
ly in both transmitter and receiver and an 
output of 45 watts capable of 100 percent 
amplitude modulation, the HT- 14 is an 
ideal medium power marine radiotele-
phone. 

TRANSMITTER FEATURES 

1. Instant selection of any 6 operating frequencies, 
crystal-controlled in both transmitter and re-

ceiver. 

2. 45 wotts output. 

3. Frequency range, 1680 to 4450 kc. 

4. Any antenna from 15 feet to a long wire may be 
used. 

5. " Push-to- talk" switch on handset. 

6. All components rust and corrosion resistant. 

7. Metering of antenna current, final amplifier grid 

and plate, and modulator plate provided. 

8. Entire unit easily removable for servicing. 

9. May be operated from 115 volt, a.c., 12, 32 or 

115 volts d.c. 

10. Chart mounted on panel for recording of operat-

ing frequencies. 

11. All operating adjustments may be made at front 

of unit. 

RECEIVER FEATURES 

I. Two ranges ; 1680 kc. to 2750 kr. and 2750 to 

4450 kc., either crystal conhollect or manually 
tuned. 

2. Crystal receiver frequencies switched simultane-
ously with those of the transm:tter. 

3. Iron core, high-0 inductances used in the r.f., 
detector, and oscillator circuits provide maxi-

mum gain. 

4. Exceptionally flat automatic volume control. 

5. Newly developed diode noise limiter and audio 
filter circui.. 

6. Receiver output may be used on handset or 
speaker. 

7. 5" PM speaker with moisture tesisrart cone. 

CONTROLS: 

OPERATING CHANNEL SWITCH (6 Positions); TRANS-

MITTER ANTENNA %MING; RECEIVER TUNING; 

RECEIVER BAND SWITCH; A.F. GAIN; NOISE CON-

TROL; STATIC FILTER ON/OFF; SPEAKER ON /OFF; 

METER SWITCH ; RECEIVER POWER ON/OFF; 

TRANSMITTER POWER ON/OFF; SEND- RECEIVE 

SWITCH (located on hand set, thumb operated). 
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METERS: 

Antenna current ammeter is of the thermo-couple 
type and is flush mounted on the upper panel. Range, 
0 to 21/2  amperes. A dual range d.c. milliammeter 
0-15-300 m.o. is mounted on the lower panel and 
con be connected to read final amplifier plate cur-
rent, final amplifier grid curernt, and modulator plate 
current. 

CONNECTIONS: 

The antenna connector is mounted on a stand-off in-
sulator on top of cabinet. Handset plugs into a 
receptacle at lower left corner of cabinet. The cable 
to the power supply unit plugs into a socket at lower 
right corner of cabinet. The power supply has a line 
cord for connection to the 115- volt a.c. supply line. 
The steel cabinet should be connected to a good 
ground. 

ANTENNA REQUIREMENTS: 

The Model HT 14 Radiotelephone is designed to oper-
ate with any antenna from a 15- foot whip to a long 
wire. For maximum transmitting range, the antenna 
should be large and as high above water as possible. 
With single- masted boats, an insulated forestay 
makes a satisfactory antenna. On boats having two 
masts, the antenna should be supported between the 
mast-heads and may consist of one or more wires. 

INSTALLATION: 

A universal type of shock mounting is furnished with 
the HT- 14 permitting installation either on a bulk-
head or table. Special screw type fasteners hold the 
HT- 14 to the shock mounting and permit its easy 
removal for servicing. 

PHYSICAL CHARACTERISTICS: 

The HT- 14 Radiotelephone is mounted in a steel 
cabinet. The cabinet is divided into 2 sections which 
are held together by heavy clamps. The upper sec-
tion contains the radio frequency components of both 
transmitter and receiver. The lower section holds the 
speech amplifier and modulator. The loud speaker is 
mounted in the center of the lower panel and the 
handset is hung in a bracket at the left. All operating 
controls and switches are conveniently placed. The 
power supply unit is mounted in a separate cabinet. 

hallirrafters RADIO 
POWER SUPPLY: 

Power supply combinations for use on four different 
voltages are available. The 115-volt a.c. power sup-
ply unit is mounted in a separate cabinet. The 32-volt 
(or 110-volt) d.c. models include a 32-volt (or 110-
volt) d.c. rotary converter which supplies power to the 
115- volt a.c. power supply unit. The 12-volt d.c. model 
includes a 12-volt dynamotor type power supply unit, 
instead of the 115 volt a.c. power supply unit, in a 
cabinet of the same dimensions. 

DIMENSIONS ( overall): 

Main cabinet. 23 high by 21" wide by 16 t/4" deep. 
Power supply cabinet. 93/8" high by 16" wide by 15" 
deep. 

These measurements include protruding parts. 

Note: Shock mounts add 23/4" to height or depth 
according to type of installation. 

WEIGHTS: 

Main cabinet- 110 lbs. 
115-volt a.c. Power Supply-67 lbs. 
Combined shipping weight-275 lbs. 
For d.c. operated models, add 55 lbs. to shipping 
weight. 

TWENTY TUBES: 

Transmitter 

1-6L6G Crystal Oscillator 
2-807 R.f. Amplifier 
1-12J5GT Speech Amplifier 
4-6L6G Modulator 

Receiver 

1-65K7-GT G Ri. Amplifier 
1 —6SA7-GT G First Detector 
1-6SK7-GT G I.f. Amplifier 
1-6H6-GT G 2nd Detector, a.v.c. and Noise Limiter 
1-6SK7GT G First Audio Amplifier 
1-6K6-GT G Second Audio Amplifier 
1-6J5-GT G High Frequency Oscillator 

Power Supply 

1-80 
4-5Z3 

Rectifier ( for receiver) 
Rectifiers ( for transmitter) 
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by remote control 
The design of radio equipment that is offered by Hallicrafters is 
determined largely by thousands of hams who, from their remote 
control locations all over the world, have sent in advice and 
suggestions on new radio ideas to Hallicrafters engineering 
department. 

Thousands and thousands of Hallicrafters pieces of high frequency 
radio equipment were used in the armed services. In a high 
percentage of cases this equipment was used by operators with 
practical amateur experience. From these qualified experts 
Hallicrafters has received hundreds of letters telling how 
Mallicrafters-built equipment stood up under the most vicious battle 
conditions. Even now Hallicrafters receives regularly many valuable. 
suggestions from hams in the field and ot home. From this rich 
deposit of " design by remote control" nallicrafter3 equipment is 
developed— built to meet ham requirements, designed by the 
world's most exacting users—the radio amateurs. 

hdlliEraftPr5 RADIO THE HAWCRAFTERS CO., MANUFACTURERS OF RADIO 
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