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Foreword 
THE Radio A mateur's Handbook has had a remarkable history. Back in 1926 

we of the headquarters staff of the radio amateur's organization, the American Radio 
Relay League, set about the writing of a small pamphlet of operating instructions 
intended to improve the performance of amateur stations. When it was finished we 
found that, with the necessary additional material on technical topics, we had writ--
ten a considerable-size book. Upon its publication it enjoyed an instant success and 
quickly became an important factor in the literature of the radio amateur. As suc-
cessive repiintings were undertaken new material was added, and an evolutionary 
process began which became the policy of the Handbook: to present the kind of in-
formation required to get results, rather than the academic intricacies of the class-
room, and to refine and perfect the explanations so that they were thoroughly helpful 
to practical amateurs. Thus the book grew through the years — in size, in value, in 
acceptance. It became the right-hand guide of practical radio amateurs in every 
country of the globe. As war came on, it was inevitable that a book written as the 
Handbook was written would be found to provide exactly the kind of information 
required to make practical radiomen for the military services and to help those who 
were training themselves for wartime radio work. This book certainly has: not only 
is it used directly in many training programs, either as basic text or reference, but its 
information has provided source-data for many of the service-written special courses. 

With the Handbook thus doing a wartime job, with its total distribution now well 
over a million copies, we have had a heavy sense of our responsibilities as writers 
and publishers as we approached the present revision: the twenty-first edition, the 
forty-first printing. Our editorial problem in this annual revising has always lain 
largely in so adjusting its scope and perspective that the book would be of maximum 
usefulness to the reader in his problems and activities of that particular year. In the 
happier pre-war days of active amateur operation that task was chiefly one of se-
lecting the ideas and creating the apparatus designs upon which the greatest opera-
ting reliance could be placed, the latest and best "construction" information of 
which we had knowledge. To-day, with amateur stations silenced and all our people 
geared to the needs of war, the perspective necessarily shifts sharply. The world 
to-day puts a premium upon knowledge of radio. The amateur studies his art to im-
prove his proficiency in his present wartime job as well as for the day when his sta-
tion re-opens. Hundreds of thousands of additional men and women are being trained 
to useful proficiency in the radio field, to meet the nation's needs — a job in which the 
Handbook is proving a potent aid. We believe, then, that we best serve our readers 
this year by putting more emphasis on the " how-it-works" part of the book than on 
the " how-to-make-it"— although both are indispensable. 

In this new edition we are using an enlarged page format which, despite wartime 
paper restrictions, happily permits us to make this by far the largest edition yet 
published, in point of editorial content. This edition is divided into two main parts. 
In the first is grouped all the material treating of principles, theory and design con-
siderations — the enduring basis of the art. In the second part, embodying the best 
current practical employment of the basic knowledge of the first part, are the exam-
ples of practical equipment — in general with at least one representative example of 
each accepted type or combination — together with essential constructional data 
and instructions for adjustment and use. Mention should be made of the new 
chapter on carrier-current communication, the alternative field which the amateur 
has found most interesting and fruitful during the war's restrictions. The chapter on 
the War Emergency Radio Service has been re-written and considerably expanded 
to provide the best possible guidance to those engaged in this essential service. The 
classified tube tables, always an important feature of the Handbook, have been re-
vised to include data on all released types, and remain the most comprehensive 



compilation available. A new convenience, to facilitate locating a tube whose classi-
fication is not known, is a cross-index by type numbers. 
The first main part of this book, Chapters Two to Ten, inclusive, constitute a 

textbook on the theory of radio. The present treatment represents a considerable 
expansion over previous editions, with new material and amplified information added 
where practical teaching experience using the Handbook as a text has disclosed their 
desirability. It is the culmination of several years of work by George Grammer, 
QST's technical editor (now on leave), not only in the writing but in the refining of 
the writing in the crucible of actual use — by teaching experimental classes and by 
surveying the progress of typical self-taught students. The aim has been to write an 
understandable nonmathematical treatment for busy, practical people of average 
education. Necessarily compact (as is any good text), information is deliberately 
presented without sugar-coating, but every effort has been made to make it under-
standable and to avoid saying things in such a way that they are intelligible only to 
those who already know the subject! The material has been so arranged in topical 
sections as to make it readily possible to find what is wanted, a multitude of sub-
headings identifying subjects at a glance. The information is presented concisely but 
with copious cross-references, to permit the background always to accompany the 
subject under consideration. We have endeavored to employ cross-references in such 
quantity that no treatment of any subject can be considered "too technical," since 
the references will lead the reader, if he needs it, to the applying fundamentals. 
Finally, this portion of the book arranges subjects in a logical order which can serve as 
the basis for a well-ordered radio study course. Indeed, Mr. Grammer's companion 
work, A Course in Radio Fundamentals, also published by the League, is written around 
this portion of the Handbook, providing for the student a proved and effective series 
of study assignments, directions for experiments, and examination questions. 
The second part of the book is that which has been dearest to the heart of the 

practicing amateur. That amateur to-day may be engaged in rebuilding his station 
to improve its performance after the war, but much more probably he is working for 
Uncle Sam — in the armed forces or in a laboratory. Wherever he is, he and his 
similars need a reliable guide for the construction of various pieces of radio appara-
tus. The second part of the Handbook deals only with practical considerations, but 
reference to the first part of the book always will lead the reader quickly to any 
needed information on the whys thereof. The apparatus designs are the best we 
know for their respective jobs and they will be found reliable. At the end of many of 
the constructional chapters is a bibliography of articles in QST. In these will be 
found more extensive descriptions of some of the pieces of apparatus. Refererces to 
the bibliographies in these cases take such a form as (Bib. 5), which means that the 
fifth item in the bibliography at the end of that chapter gives reference to a QST 
article describing the particular piece of gear in somewhat greater detail. 
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 in each chapter. Thus 

Fig. 1107 can be readily located as the seventh illustration in Chapter Eleven. There 
is an extensive, carefully prepared index at the rear of the book. 
Most of the technically skilled specialists on the League's headquarters staff at 

West Hartford — men who have earned their spurs in amateur radio — have par-
ticipated in the present revision. It has already been mentioned that the first part of 
the book was written by Mr. Grammer. The revision of the second part is the work 
largely of Donald H. Mix, QST's acting technical editor, Clinton B. DeSoto, the 
editor of QST, and George Hart, the League's acting communications manager, with 
Mr. Grammer's hand again appearing in some of the chapters. The production of the 
book has fallen on Mr. DeSoto's office, with special credit due Louisa B. Dresser, 
QST's editorial assistant. All of us will be very happy if this edition of the Handbook 
can be of as much help to its wartime readers as earlier editions have been to the 
amateurs of peacetime. 

W EST HARTFORD, CoNig. 
October, 1943 

KENNETH B. W ARNER 
Managing Secretary, A.R.R.L. 
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THE AMATEUR'S CODE 
* * * 

1. 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. 

2. 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. He 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 

AMATEUR radio is silent now — its 
keys stilled, its microphones lifeless. Dust gath-
ers in scores of thousands of radio shacks, their 
operators off to war. 
Amateur radio is silent now — but it is not 

dead. The radio hams of yesterday are working 
toward a different purpose, but fundamentally 
their work now is much the same as their hobby 
was before. And underlying their thoughts as 
they give their best in the uniformed services 
or in industry or research is the hopeful assur-
ance that one day they will be back on the air 
as amateurs again. 
To a hundred thousand people the world 

over, amateur radio represents the most satis-
fying, the most worth while of all hobbies. To 
communicate freely with other amateurs the 
world around at the mere touch of a key or mi-
crophone switch, on home-owned and usually 
home-built equipment, was for many years the 
supreme thrill to thousands of private citizens 
in every country on earth. Such freedom of 
communication, however, is characteristic of 
peace; it cannot continue in time of war. Thus, 
until peace again returns, amateur radio can 
exist only in the hearts of its followers, waiting 
for that day when free institutions again may 
flourish, when free men walk again in safety and 
confidence, when free speech is restored to all 
the peoples of the earth, and when free com-
munication between them again becomes not a 
dream of the future but a matter-of-fact reality. 
Not that amateur radio ever was really 

matter-of-fact. Every owner of a short-wave re-
ceiving set knows the thrill that comes from 
hearing a distant station broadcasting from 
some foreign land; the radio amateur has 
known the even-greater thrill of talking with 
people at these distant points! On one side of 
your radio amateur's table would be his high-
frequency receiver; on the other his private 
transmitter, ready at throw of a switch to 
be used in calling and "working" other ama-
teurs in every corner of the globe. High power 
or expensive equipment was not required. Even 
a low-power transmitter made it possible to 
develop friendships in every State of the Union. 
Experience in the adjustment of apparatus, in 
using the right frequency band at the right time 
of day when foreign amateurs were on the air, 
and increasing operating skill on the part of the 
individual, enabled regular communication with 
other amateurs in every continent. • 
Nor has the personal enjoyment that comes 

from amateur radio been its only benefit. Put-
ting together apparatus by one's own skill is a 

source of enduring satisfaction. The process of 
designing and constructing radio equipment 
has developed real engineering ability in thou-
sands upon thousands of young men — and 
young women, too — throughout the country, 
an ability which serves them and the radio in-
dustry in time of peace and which is now serv-
ing their country to an inestimable extent in 
time of war. In peacetime, many an operator, 
engineer and executive in the commercial radio 
field got his practical background and much of 
his training from his amateur work; during the 
present conflict many thousands of amateurs 
are in communications work in the Army, 
Navy, Marines and Coast Guard, both in the 
field and in training centers (where entire staffs 
are made up almost wholly of amateurs), and 
additional hundreds possessing more advanced 
training are engaged in electronic research and 
development, particularly in connection with 
secret devices for aircraft detection, and in 
other confidential assignments requiring a high 
degree of specialized operating skill which, it 
has been found, is best possessed by the ex-
perienced amateur operator. 

Amateur radio is as old as the art itself. 
'There were amateurs before the present cen-

tury. Shortly after the late Guglielmo Marconi 
astounded the world with his first experiments 
proving that telegraph messages actually could 
be sent between distant points without wires, 
they were attempting to duplicate his results. 
Marconi himself probably was the first amateur 
— indeed, the distinguished inventor so liked 
to style himself. But amateur radio, as it has 
come to be known, was born when private citi-
zens first saw in the new marvel a means for 
personal communication with others, and set 
about learning enough of the new art to build 
home-made stations. 
Amateur radio's subsequent development 

may be divided into two periods: the period up 
to our entrance into World War I, in 1917, and 
the period between that war and our entrance 
into the present conflict — 1919-1941. 
Amateur radio prior to 1917 bore little re-

semblance to radio as we know it to-day, except 
in principle. The equipment, both transmitting 
and receiving, was of a type now long obsolete. 
The range of even the highest-powered trans-
mitters, under the most favorable conditions, 
would be scoffed at by even the least-informed 
person to-day. No United States amateur had 
ever heard the signals of a foreign amateur, nor 
had any foreigner ever reported hearing an 

9 
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American. The oceans were a wall of silence, 
impenetrable, isolating us from every signal 
abroad. Even cross-country communication 
could be accomplished only by relays. "Short 
waves" meant 200 meters; the entire wave-
length spectrum below 200 meters was a vast 
silence — no signal ever disturbed it. Years 
were to pass before its phenomenal possibilities 
were to be suspected. 
Yet the period was notable for a number of 

accomplishments. It saw the number of ama-
teurs in the United States increase to approxi-
mately 4,000 by 1917. It witnessed the first 
appearance of radio laws, licensing, wavelength 
specifications for the various services. ("Ama-
teurs? — oh, yes — well, stick 'ern on 200 
meters; they'll never get out of their backyards 
with it.") It saw an increase in the range of 
amateur stations to such unheard-of distances 
as 500 and, in some cases, even 1,000 miles. 
U. S. amateurs were beginning to wonder, just 
before the war, if there were other amateurs in 
other countries across the seas and if — daring 
thought! — it might some day be possible to 
span the Atlantic with 200-meter equipment. 
Because all long-distance messages had to be 
relayed, this period saw relaying developed to 
a fine art — an ability that turned out to be a 
priceless accomplishment later when the gov-
ernment suddenly needed hundreds of skilled 
operators for war service in 1917. Most impor-
tant of all, the period witnessed the birth of 
the American Radio Relay League, the ama-
teur organization whose fame was to travel to 
all parts of the world and whose name was to 
be virtually synonymous with subsequent ama-
teur progress and short-wave development. 
Conceived and formed by the famous inventor 
and amateur, the late Hiram Percy Maxim, the 
League was formally launched in early 1914. 
It was just beginning to exert its full force in 
amateur activities when the United States de-
dared war in 1917, by that act sounding the 
knell for amateur radio for the next two and 
one-half years. By presidential direction, every 
amateur station was dismantled. Within a few 
months three-fourths of the amateurs of the 
country were serving with the armed forces of 
the United States as operators and instructors 
— a movement that was to be duplicated in 
striking manner a quarter of a century later. 
Few amateurs to-day 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 ama-
teur radio was in the balance in the days im-
mediately following the signing of the Armi-
stice, in 1918. The government, having had a 
taste cf supreme authority over all communi-
cations in wartime, was more than half in-
clined to keep it; indeed, the war had not been 
ended a month before Congress was consider-
ing legislation that would bave made it im-
possible for the amateur radio of old ever to be 
resumed. President Maxim rushed to Washing-
ton, pleaded, argued; the bill was defeated. 

But there was still no amateur radio; the war 
ban continued in effect. Repeated representa-
tions to Washington met only with silence; it 
was to be nearly a year before licenses again 
were issued. 

In the meantime, however, there was much 
to be done. The League's offices had been closed 
for a year and a half, its records stored away. 
Three-fourths of the former amateurs had gone 
to France; many of them would never come 
back. Would those who had returned be inter-
ested, now, in such things as amateur radio? 
Mr. Maxim determined to find out, and called 
a meeting of such members of the old board of 
directors of the League as he could locate. 
Eleven men, several still in uniform, met in 
New York and took stock of the situation. It 
wasn't very encouraging: amateur radio still 
banned by law, former members of the League 
scattered no one knew where, no organization, 
no membership, no funds. But those eleven 
men financed the publication 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 members to obtain money for immedi-
ate running expenses, bought the magazine 
QST to be the League's official organ, and 
dunned officialdom until the wartime ban was 
lifted and amateur radio resumed again. Even 
before the ban was lifted, in October, 1919, old-
timers all over the country were flocking back 
to the League, renewing friendships, planning 
for the future. When licensing resumed, there 
was a headlong rush to get back on the air. 

From the start, postwar amateur radio took 
on new aspects. Wartime needs had stimulated 
technical development in radio. There were new 
types of equipment. The vacuum tube was 
being used both for receiving and transmitting. 
Amateurs immediately adapted the new ap-
paratus to 200-meter work. Ranges promptly 
increased; it became possible to bridge the 
continent with but one intermediate relay. 
Soon stations on one coast were hearing those 
on the other, direct! 
These developments had an inevitable re-

sult. Watching DX come to represent 1,000 
miles, then 1,500 and then 2,000, amateurs be-
gan to dream of trans-Atlantic work. Could 
they get across? In December, 1921, the AREL 
sent abroad one of its most prominent ama-
teurs, Paul F. Godley, with the best amateur 
receiving equipment available. Tests were run, 
and thirty American amateur stations were 
heard in Europe. The news electrified the ama-
teur world. In 1922 another trans-Atlantic test 
was carried out; this time 315 American calls 
were logged by European amateurs and, what 
was more, one French and two British stations 
were heard on this side. 

Everything now was centered on one objec-
tive: two-way communication across the At-
lantic by amateur radio! It must be possible — 
but somehow they couldn't quite make it. 
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Further increases in power were out of the 
question; many amateurs already were using 
the legal maximum of one kilowatt. Better re-
ceivers? They already had the superhetero-
dyne; it didn't seem possible to make any very 
great advance in that direction. 
Then how about trying another wavelength, 

they asked? What about those wavelengths be-
low 200 meters? The engineering world thought 
they were worthless — but then, that had been 
said about 200 meters too. There have been 
many wrong guesses in history. And so, in 1922, 
the assistant technical editor of QS?' (Boyd 
Phelps, now a lieutenant-commander in the 
Naval Reserve) carried on tests between Hart-
ford and Boston on 130 meters. The results 
were encouraging. Early in 1923 the ARRL 
sponsored a series of organized tests on wave-
lengths down to 90 meters, and it was noted 
that as the wavelength dropped the reported 
results were better. A growing excitement be-
gan to filter into the amateur ranks. 

Finally, in November, 1923, after some 
months of careful preparation, two-way ama-
teur communication across the Atlantic be-
came a reality, when Schnell, IMO, and Rein-
arts, 1XAM (now W9UZ and W3IBZ respec-
tively, and both commanders in the Naval 
Reserve), worked for several hours with Deloy, 
8AB, in France, all three stations using a wave-
length of 110 meters! Additional stations 
dropped down to 100 meters and found that 
they, too, could easily work two-way across 
the Atlantic. The exodus from the 200-meter 
region started. 
By 1924 the entire radio world was agog, and 

dozens of commercial companies were rushing 
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 differ-
ent services clamoring for assignments. Al-
though thought still centered on 100 meters, 
League officials at the first of these conferences, 
in 1924, came to the conclusion that the surface 
had only been scratched, and wisely obtained 
amateur bands not only at 80 meters but at 40 
and 20 and 10 and even 5 meters. 
Many amateurs promptly jumped down to 

the 40-meter band. A pretty low wavelength, 
to be sure, but you never could tell about these 
short waves. "Forty" was given a try, and re-
sponded by enabling two-way communication 
with Australia, New Zealand and South Africa. 
How about 20 meters? This new band im-

mediately showed entirely unexpected possi-
bilities by enabling an East Coast amateur to 
communicate with another on the West Coast, 
direct, at high noon. The dream of amateur 
radio — daylight DX! — had come true. 
From that time to the advent of World War 

II — when amateur radio again was closed 
down "for the duration" — represents a period 
of unparalleled accomplishment. The short 
waves proved a veritable gold mine. Country 
after country came on the air, until the confu-

sion became so great that it was necessary to 
devise a system of international intermediates 
in order to distinguish the nationality of calls. 
The League began issuing what are known 
as W AC certificates to stations proving that 
they had worked all the continents. Over five 
thousand such certificates have been issued. 
Representatives of the ARRL went to Paris 
and deliberated with the amateur representa-
tives of twenty-two other nations. On April 
17, 1925, this conference formed the Interna-
tional Amateur Radio Union — a federation of 
national amateur societies. 

Nor was experimental development lost sight 
of in the enthusiasm incident to international 
amateur communication. The experimentally 
minded amateur was constantly at work con-
ducting tests in new frequency bands, devising 
improved apparatus for amateur receiving and 
transmitting, learning how to operate two and 
three and even four stations where previously 
there was room enough for only one. 

In particular, the amateur experimenter 
pressed on to the development of the higher 
frequencies represented by the wavelengths 
below 10 meters, territory only a few years ago 
regarded even by most amateurs as compara-
tively unprofitable operating ground. 
The amateur's experience with five meters is 

especially representative of his initiative and 
resourcefulness and of 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 worthless for dis-
tance work; signals at such frequencies ap-
peared capable of being heard only to "horizon 
range." But the amateur turns even such 
apparent disadvantages to use. If not suitable 
for long-distance work, at least the band was 
ideal for "short-haul" communication. Begin-
ning in 1931, then, there was tremendous 
activity in 56-Mc. work by hundreds of ama-
teurs all over the country, and a complete new 
line of transmitters and receivers was devel-
oped to meet the special conditions incident 
to communicating at these very-high frequen-
cies (then known as the " ultrahighs"). In 1934 
additional impetus was given to this band when 
experiments by the ARRL with directive an-
tennas resulted in remarkably consistent two-
way communication over distances of more 
than 100 miles, without the aid of "hilltop" 
locations. While atmospheric conditions still 
are found to affect 5-meter DX, thousands of 
amateurs, as of the time of the close-down in 
December, 1941, were spending much of their 
time on the 56- and 112-Mc, bands, many of 
them having worked hundreds of stations at 
distances up to several thousand miles; even 
transcontinental distances were being spanned 
when conditions were right. To-day's concept 
of v.h.f. propagation was developed almost 
entirely through amateur research. 
The amateur is constantly in the forefront 

of technical progress. Many developments by 
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amateurs have come to represent valuable 
contributions to the art, and the articles 
about them are as widely read in professional 
circles as by amateurs. At a time when only 
a few broadcast engineers in the country 
knew what was meant by "100 per cent modu-
lation," the technical staff of the ARRL pub-
lished articles in QST urging amateur 'phones 
to embrace it and showing them how to do it. 
This is only one example; the complete record 
of such accomplishments would more than fill 
this chapter alone. From the League's labora-
tory in 1932 came the "single-signal" super-
heterodyne — the world's most advanced 
high-frequency radiotelegraph receiver. In 
1936 the "noise-silencer" circuit for super-
heterodynes was developed, permitting for 
the first time satisfactory high-frequency re-
ception through the more common forms of 
man-made electrical interference. 

Currently, hundreds of skilled amateurs are 
contributing their knowledge to the develop-
ment of secret wartime radio devices, both in 
government and in private laboratories. Equally 
as important, the prewar technical progress by 
amateurs has provided the keystone for the de-
velopment of modern military communications 
equipment. The sets now in use by the armed 
forces closely resemble the best prewar ama-
teur equipment. This is only logical, because 
the problems of military communications in 
modern warfare — extreme congestion, spe-
cial operating requirements, the need for com-
pactness and efficiency — closely resemble the 
problems peculiar to the amateur service before 
the war, and for which the amateurs were 
forced to devise their own specialized solutions. 
The fact that amateurs on the staffs of the 
Signal Corps and Naval Research laboratories 
have been closely allied with the design of this 
new military communications equipment has 
been a vital factor. 
On the fighting fronts their operating skill is 

equally valuable. Sharpened to the highest de-
gree by years of communicating experience 
under the severest conditions of congestion, 
and with low-powered equipment, the amateur 
has the ability to hear signals so faint that they 
are inaudible to the average ear; and to read 
signals so confused with interference that for 
ordinary operators they are completely garbled. 
These abilities make the amateur a key figure 
in military communications. 

Amateur radio is one of the finest of hobbies, 
but this fact alone would hardly merit such 
whole-hearted support as was given it by the 
United States government at past interna-
tional conferences. There must be other reasons 
to justify such backing. One of these is a 
thorough appreciation by the Army and Navy 
of the value of the amateur as a source of skilled 
radio personnel in time of war. The other is 
best described as "public service." 
We have already seen 3,500 amateurs con-

tributing their skill and ability to the Ameri-

can cause in the Great War. After the war it 
was only natural that cordial relations should 
prevail between the Army and Navy and the 
amateur. Several things occurred in the next 
few years to strengthen these relations. In 
1924, when the U. S. dirigible Shenandoah 
made a tour of the country, amateurs pro-
vided continuous contact between the big ship 
and the ground. In 1925, when the United 
States battle fleet made a cruise to Australia 
and the Navy wished to test out short-wave 
apparatus for future communication purposes, 
it was the League's Traffic Manager who was in 
complete charge of an experimental amateur-
type set on the U.S.S. Seattle and proved for all 
time the superiority of the high frequencies. 

Definite friendly relations between the ama-
teur and the armed forces of the Government 
were cemented in 1925. In this year both the 
Army and the Navy came to the League with 
proposals for amateur cooperation. The radio 
Naval Reserve and the Army-Amateur Net are 
the outgrowth of these proposals. Thousands 
of amateurs in the Naval Reserve now are 
on active duty with the Navy, from the rank 
of captain on down, while other thousands 
are serving in the Army, Air Forces, Coast 
Guard and Marine Corps. Altogether, more 
than 25,000 radio amateurs are in the armed 
forces of the United States, while many more 
thousands are engaged in vital electronic re-
search, development and manufacturing. 

The public service record of the amateur is a 
brilliant one. These services can be roughly di-
vided into two classes: emergencies and expedi-
tions. It is regrettable that space limitations 
preclude detailed mention of amateur work in 
both these classes, for the stories constitute 
highlights of amateur accomplishment. 

Since 1913, amateur radio has been the prin-
cipal, and in many cases the only, means of 
outside communication in more than one hun-
dred storm, flood and earthquake emergencies 
in this country. Among the most noteworthy 
were the Florida hurricanes of 1926, 1928 and 
1935, the Mississippi and New England floods 
of 1927, and the California dam break of 1928. 
During 1931 there were the New Zealand and 
Nicaraguan earthquakes, and in 1932 floods in 
California and Texas. Outstanding in 1933 was 
the earthquake in southern California. In 1934 
further floods in California and Oklahoma re-
sulted in notable amateur accomplishment. The 
1936 eastern states flood, the 1937 Ohio River 
valley flood, and the 1938 southern California 
flood and Long Island-New England hurricane 
disaster saw the greatest emergency effort ever 
performed by amateurs. In these disasters and 
many others — tornadoes, sleet storms, forest 
fires, blizzards — amateurs played a major rôle 
in the rescue work and earned wide commende, 
tion for their resourcefulness in effecting com-
munication where all other means had failed. 

During 1938 the ARRL inaugurated a new 
emergency-preparedness program, providing 
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for the appointment of regional and local 
Emergency Coordinators to organize amateur 
facilities and establish liaison with other agen-
cies. This was in addition to the registration of 
personnel and equipment in the Emergency 
Corps. A comprehensive program of coopera-
tion with the Red Cross, Western Union and 
others was put into effect. During the three 
years before the wartime close-down of ama-
teur activity, this emergency organization 
proved the effectiveness of its planning and the 
proficiency of its personnel in more than a 
dozen important emergencies. 

Although normal participation in such ac-
tivity now is impossible, because of restrictions 
on amateur operation, the peculiar ability of 
the amateur to perform in such work has been 
notably recognized by the government in pro-
viding for amateur participation in the War 
Emergency Radio Service, established by the 
Federal Communications Commission to fur-
nish emergency communication to local com-
munities in connection with the Office of 
Civilian Defense. The background and func-
tions of WERS are described in detail in Chap-
ter Sixteen. Here it need only be noted that, 
by official statement, without the reservoir of 
amateur operators in this country to serve as 
a nucleus, the War Emergency Radio Service 
would have been an impossibility. 

In mid-1943 the scope of WERS, limited 
before to war-created emergencies, was broad-
ened to include the supplying of emergency 
communications in connection with natural 
disasters or other situations involving civilian 
defense or national security. Under this exten-
sion of its activities, amateurs in WERS again 
are in position to render emergency communi-
cations service in their traditional fashion. 
Amateur cooperation with expeditions goes 

back to 1923, when a League member, Don 
Mix of Bristol, Conn., (now acting technical 
editor of QST) accompanied MacMillan to the 
Arctic on the schooner Bowdoin with an ama-
teur station. Amateurs in Canada and the 
United States provided the home contact. 
The success of this venture was such that other 
explorers made inquiry of the League regarding 
similar arrangements for their journeys. In 
1924 another expedition secured amateur coop-
eration; in 1925 there were three, and by 1928 
the figure had risen to nine for that year alone; 
altogether, during subsequent years, a total of 
perhaps two hundred voyages and expeditions 
were thus assisted. 
Emergency relief, expeditionary 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 — macle amateur radio an integral part 
of our peacetime national life. To-day, the im-
portance of amateur participation in the armed 
forces and other aspects of national defense 
emphasize more strongly than ever that ama-
teur radio is vital to our national existence. 

The American Radio Relay League 
The American Radio Relay League is to-day 

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 non-commercial 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. 
With normal amateur activity suspended 

for the duration of the war, the ARRL Head-
quarters establishment is largely devoted to 
activities designed to advance the war effort — 
in training, and in personnel and apparatus 
procurement. 
The operating territory of the League is 

divided into fourteen United States 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 United States division, 
and a Canadian General Manager is elected 
every two years by the Canadian membership. 
These directors then choose the president and 
vice-president, who are also directors. No one 
commercially engaged in selling or manufac-
turing radio apparatus or literature can become 
a member of the Board or an officer of the 
League. 
The president, vice-president, secretary, 

treasurer and communications manager of the 
League are elected or appointed by the Board 
of Directors. These officers constitute an Ex-
ecutive Committee which, under certain re-
strictions, decides how to apply Board policies 
to matters arising between Board meetings. 
The League owns and publishes the ama-

teur's magazine, QST. QST goes to all mem-
bers of the League each month. It acts as a 
monthly bulletin of the League's organized 
activities. It serves as a medium for the ex-
change of ideas. It fosters amateur spirit. Its 
technical articles are renowned. QST has 
grown to be the "amateur's bible," as well as 
one of the foremost radio magazines in the 
world. The profits QST makes are used in sup-
porting League activities. Membership dues to 
the League include a subscription to QST for 
the same period. 
Members of the League are entitled to write 

to Headquarters for information of any kind, 
whether it concerns membership, legislation, or 
general questions on the construction or opera-
tion of amateur apparatus. If you don't find 
the information you want in QST or the 
Handbook, write to ARRL Headquarters, 
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West Hartford 7, Connecticut, telling us your 
problem. All replies are made directly by letter; 
no charge is made for the service. 

If you come to Hartford, drop out to Head-
quarters at 38 LaSalle Road, West Hartford. 
Visitors are always welcome. 
From 1927 to 1936 the League operated its 

headquarters station, W1MK, at Brainard 
Field, Hartford's municipal airport on the 
Connecticut River. During the disastrous flood 
of 1936 this station was devastated. From the 
spring of 1936 until early summer of 1938 a 
temporary station was operated at the head-
quarters offices, at first under the old auxiliary 
call, W1INF, and later as W1AW. The call 
W1AW, held until his death by Hiram Percy 
Maxim, was issued to the League by special 
order of the FCC for use as the official head-
quarters station call. 
From September, 1938, until the wartime 

closing of all amateur stations, the Hiram Percy 
Maxim Memorial Station at Newington, Conn., 
was in operation as the headquarters station. 
Operating on all amateur bands, with separate 
transmitters rated at the legal maximum input 
of one kilowatt and elaborate antenna systems, 
this station was regularly heard with good 
strength in every part of the world. The build-
ing in which it is housed was designed by order 
of the Board of Directors as a permanent 
memorial to the League's founder-president, 
Hiram Percy Maxim. 

Joining the League 

Every person interested in amateur radio 
should join the League and start reading QST. 
Inquiries regarding membership should be ad-
dressed to the Secretary. There is a convenient 
application blank in the rear of this Handbook. 
An interest in amateur radio is the only quali-
fication necessary in becoming an associate 
member of the ARRL, but according to a con-
stitutional requirement only those members 
who possess an amateur operator license are 
entitled to full membership and voting privi-
leges in director elections. 

Learn to let the League help you. It is or-
ganized solely for that purpose, and its entire 
headquarters' personnel is trained to render to 
you the best assistance it can in matters con-
cerning amateur radio. 
Every amateur should read the League's 

magazine, QST, each month. It is filled with 
the latest developments in the radio field, with 
"ham" news from your particular section of 
the country. Each issue contains valuable in-
structional material of aid to the student of 
radio, as well as both practical and theoretical 
technical articles. One of its most valuable 
features at present is a monthly compilation 
of information on all known available jobs or 
assignments for which amateurs are especially 
qualified, particularly in the government service 
and the armed forces. A sample copy of QST 
will be sent for 25 cents, if you are unable to 
obtain one at your local newsstand. 

e The Amateur Bands 

Discussion of the frequency bands assigned 
to and formerly used by amateurs may seem 
academic at a time 
when all amateur op-
eration is prohibited; 
yet, although a spe-
cial order of the FCC 
has temporarily sus-
pended amateur op-
eration, the bands 
normally open for 
amateur operation 
still appear in the 
regulations of the 
Commission and a 
knowledge of them is 
necessary in order to 
pass the amateur op-
era tor examination, 
which is Still being 
given to interested 
persons who may wish 
to qualify for their 
amateur operator li-
censes. For this rea-
son, a brief discussion 
of the characteristics 
of the various amateur 
bands is in order. 
As will be observed 

in Fig. 101, the ama-
teur bands constitute 
narrow segments in 
that part of the radio 
spectrum lying be-
tween 1700 kc. and 
300,000 kc. (or 300 
Mc.). During the time 
when operation was 
permitted, amateurs 
distributed themselves 
throughout these fre-
quency bands accord-
ing to their operating 
objectives and the 
special operating char-
acteristics of the bands 
themselves. Briefly, 
these were as follows: 

The 1750-kc, band, 
which carried all ama-
teur activity before 
the higher-frequency G 

Fig. 101—The amateur 
bands. Areas shaded with 
diagonal lines sloping to 
left were open to c.w. te-
legraphy only. Areas with 
diagonal lines sloping to 
right were also open to 
amplitude-modulated te-
lephony (and c.w.). Cross-
hatched areas were open 
to frequency-modulated 
'phone (as well as to regu-
lar a.m. 'phone and c.w.). 

A 
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bands were opened, always served well for 
general contact all over the country, although 
during the height of the higher-frequency de-
velopment there was some dwindling of activ-
ity. It was especially popular for radiotelephone 
work, but also was used for short-haul c.w. 
nets and code-practice transmissions for be-
ginners. It was useful primarily for distances 
up to 400-500 miles, at night, but much longer 
distances were covered under good conditions. 

The 3500-kc. band was regarded, in recent 
years, as best for consistent domestic communi-
cation and as good for coast-to-coast work at 
night except for a few summer months. Much of 
the friendly human contact between amateurs 
and most of their domestic message-handling 
took place in this band. 

The 7000-kc. band was the most popular band 
for general amateur work for years, both do-
mestic and international, and was useful 
mainly at nights for contacts over considerable 
distances as well as being satisfactory for dis-
tances of several hundred miles in daylight. 

The 14,000-kc. or 14-Mc. band was the one 
used mostly for covering great distances in day-
light, and in fact was the only band generally 
useful for daylight contacts over coast-to-coast 
and greater distances. It was, however, subject 
to sudden changes in transmitting conditions. 

The 28,000-kc. (28-Mc.) band combined both 
the long-distance characteristics of the 14-Mc. 
band and some of the local advantages of the 
56-Mc. band, but was popular chiefly because 
of its remarkable long-distance characteristics. 
Its disadvantage was lack of reliability because 
of seasonal effects and more sudden changes in 
transmitting conditions even than on 14 Mc. 

The 56,000-kc. (56-Mc.) band was used 
largely for local and short-distance work over 
distances of ten to fifty miles. Because of com-
pactness and ease of construction of the neces-
sary apparatus, hundreds of stations operated 
"locally" there. Experiments by the ARRL 
technical staff beginning in 1934 disclosed that 
consistent two-way work could be done over 
distances of a hundred miles or more with 
suitable conditions and equipment, and such 
contacts became common by 1940-41. Occa-
sional periodic " sky-wave" work over several 
thousand miles also was accomplished. 

The 112,000-kc. (112-1If c.) band was the new-
est addition to the amateur spectrum, and be-
fore the close-down was attaining widespread 
popularity for the local work previously car-
ried on in the 56-Mc. band. This band now 
figures prominently as the chief field of opera-
tions for the War Emergency Radio Service 
(WERS), in which hundreds of amateurs are 
employing their apparatus and skill on behalf 
of their communities for civilian-defense work. 

The 224-Mc. band and the experimental re-
gion above 300 Mc. were not in widespread use 
for general communication, but were becoming 
increasingly of interest to the pioneering ex-
perimenter. The 224-Mc. band may be called 
on to carry part of the WERS load. 

15 
lit Memorizing the Code 
Amateur operator licenses are still being is-

sued by the Federal Communications Commis-
sion, despite the cessation of amateur on-the-
air activity. This is being done in part at the 
request of the military services, to whom pos-
session of amateur license is practically equiva-
lent to a certification of proficiency in radio, 
and in part to encourage future amateurs to 
prepare themselves for postwar operation. 
Apart from the technical and regulatory 

phases of the examination, the most important 
requirement for obtaining an amateur opera-
tor's license is an ability to send and receive the 
continental code- at the rate of 13 words per 
minute. Aside from that, knowledge of the 
code is especially desirable during wartime; it 
is not putting it too strongly to say that every-
one 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 
method outlined in this booklet. However, the 
following suggestions will suffice to enable one 
to acquire the rudiments of code ability. 
The first job is memorizing 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, most-used punctuation marks and 
numerals are shown in the table in Fig. 102. All 
the characters shown should be learned, start-
ing with the alphabet and then going on to the 
numerals and punctuation marks. Take a few 
at a time, but as you progress review 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." The 
sound "dit" is pronounced as "it" with a "d" 
before it. The sound "dah" is pronounced with 
"ah" 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 dab. There should never be a 
space or hesitation between dits and dalia of 
the same letter. 

If someone can be found to send to you, ei-
ther by whistling or by means of a buster or 
code oscillator, the best way is to enlist his co-
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A • cm• didah 

B • • • dahdididit 

• am • dahdidahdit 

D • • dahdidit 
E • dit 

F • • ••• dididahdit 

G dahdahdit 

H • • • • didididit 
I • • didit 

J • '" didahdahdah 

dahdidah 

didahdidit 

dahdah 
dahdit 

o dahdahdah 

P • • didahdahdit 

• dahdah didah 

R • • didahdit 

S • • • dididit 

T dah 
U • • mor dididah 

V • • • ma didididah 

w • m. didahdah 

X • • mu dahdididah 
Y • dahdidahdah 

• • dahdahtlidit 

L • • • 
M --

N • 

2 

3 

4 

5 

6 

7 

8 

9 

o 

• 1M 

Period 

Comma 

Question mark 

Error 

Double dash 

Wait 

End of message 

Invitation to transmit 

End of work 

didandandandah 

dicUcrandandah 

didididandah 

dididididah 

dididididit 

dandidididit 

dandandididit 
dab dandandidit 

dand-aldandandit 

dandandandandah 
— — — — 

e • 

MOM • • OMB MI 

e • um as • • 

INIM • • • ffl111 

• a.. • • • 

• • • 

• 

Fig. 102 — The Continental (International Morse) Code. 

operation and learn the code by listening to it. 
It is best to have someone do this who is fa-
milier with the code and who can be depended 
on to send the characters correctly. Learning 
the Code is like learning a new language, and 
the sooner you learn to understand the lan-
guage without mental "translation" the easier 
it will be for you. You don't think of the spoken 
letter U, for example, as being composed of 
two separate and distinct sounds — yet actu-
ally it is made up of the pure sounds "ee" and 
"ii," spoken in rapid succession. You learned 
the letter U as a sound unit itself. Similarly, 
you should learn code letters as sounds them-
selves, and not as combinations of other sounds. 

Don't think about speed at first; your first 
job is to learn all the characters to the point 
where you know them without hesitation. 

live On/ Ce/k 
To in se-nesconneeteel 

/'es here 

Fig. 103 — Wiring dia gram of a buzzer code-practice set. 
The headphones are connected across the coils of the 
buzzer, with a condenser in series. The size of this 
condenser determines the strength of the signal in the 
'phones. If the value shown gives an excessively loud 
signal, it may be reduced to 500 npfd. or even 250 gpid. 

(1. 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 

Key 

H 11811141 
r - 

Phones 22. 5V. 

Fig. 104 — Wiring diagram of a simple vacuum-tube 
audio-frequency oscillator for use as a code-practice set. 
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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 Fig. 103 or 
one of the audio oscillators described will give 
satisfactory results as a practice set. The oscil-
lator more closely simulates actual radio signals. 
The battery-operated audio oscillator in 

Figs. 104 and 105 is easy to construct. How-
ever, it employs batteries, which are difficult 
to acquire in wartime. If nothing is heard in 
the headphones when the key is depressed, 
reverse the leads going to either transformer 
winding (not both). 
The sets shown in Figs. 106 and 107 operate 

directly from the 115-volt a.c. or d.c. power 
line. That of Fig. 106 employs a neon-bulb 
oscillator functioning from rectified d.c.; al-
most any tube having a 5- or 6.3-volt filament, 
such as an 01A, 71A, etc., can be used as the 
half-wave rectifier (grid and plate connected 
together). If the tone is fuzzy, wind a single 
turn of insulated wire around the top of the 
neon bulb and connect it as shown by the 
dotted line. The oscillator in Fig. 107 uses a 
combination diode-pentode tube, the pentode 
section being used as a vacuum-tube oscillator. 

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 be 
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-

losAr 
LS VOLTS 

"5" BAT 
225 VOLT51 

'PHONES 

Fig. 105 — Layout of the audio-oscillator code-practice set. All parts may 
be mounted on a wooden baseboard, approximately 5 X 7 inches in size. 

Fig. 106—Neon; 
bulb audio oscilla-
tor code-practice 
set for 115-volt 
a.c.-line operation. 
C: —1.0 dd. 
C2, C8 -  0.002 pfd. 
R — 3 megolims. 
L — 25-watt lamp. 
N — Neon bulb. 
V — Any 5- or 6.3-

volt triode. 115V. A.0 

ute (65 letters a minute), have the sender trans-
mit 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. 

R2 
25A7 

R, 

PHONES KEY 

53 

Resistor 
Line Cord 

110V,A C OR D C 

Fig. 107— A.c.-d.c. vacuum-tube audio oscillator. 
C: — 100-add. midget mica. 
C2 — 250-add. midget mica. 
C3— 8-afd. 200-volt electroly tic. 
Ri — 0.5 megohm, 34-watt. (A lower value, or a variable 

resistor, may be used to reduce volume.) 
R2 — 1 megohm, Y¡-watt. 
113 - 50 ohms, 1-watt. 
T — 3:1-ratio midget push-pull audio transformer. 
Line cord resistor — 310 ohms. (A 300-ohm, 50-zatt 

wire-wound fixed resistor may be used instead.) 

After you have acquired a reasonable degree 
of proficiency, concentrate on the less common 
characters, as well as the numerals and punc-
tnation marks. These prove the downfall of 
many applicants taking the code examination 
under the handicap of nervous stress. 

11 Using a Key 

The correct way to grasp the 
key is important. The knob of 
the key should be about eight-
een inches from the edge of the 
operating table and about on a 
line with the operator's right 
shoulder, allowing room for the 
elbow to rest on the table. A 
table about thirty inches in 
height is best. The spring ten-
sion of the key varies with 
different operators. A fairly 
heavy spring at the start is de-
sirable. The back adjustment 
of the key should be changed 
until there is a vertical move-
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ment of about one-sixteenth inch at the 
knob. After an operator has mastered the use 
of the hand key the tension should be changed 
and can be reduced to the minimum siring ten-
sion that will cause the key to open immedi-
ately 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 prevents appreciable side 
play but not adjusted 80 tightly that binding is 
caused. The gap between the contacts should 
always be at least a thirty-second of an inch, 

Fig. 108 — This sketch illustrates the correct pos tion of the 
hand and fingers for good sending with a telegraph key. 

since a too-finely spaced contact will cultivate 
a nervous style of sending which is highly un-
desirable. On the other hand too-wide spacing 
(much over one-sixteenth inch) may result in 
unduly heavy or " muddy" sending. 
Do not hold the key tightly. Let the hand 

rest lightly on the key. The thumb should be 
against the left side of the 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. 
108 shows the correct way to hold a key. 
A wrist motion should be used in sending. 

The whole arm should not be used. One should 
not send "nervously" but with a steady 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 seem easier than receiv-

ing, but don't be deceived. A beginner should 
not attempt to send fast. Keep your transmit-
ting speed down to the receiving speed, and 
bend your efforts to sending well. Do not try 
to speed things up too soon. A slow, even rate 
of sending is the mark of a good operator. Speed 
will come with time alone. Leave special types 
of keys alone until you have mastered the knack 
of handling the standard key. Because radio 
transmissions are seldom free from interference, 
a " heavier" style of sending is best to develop 
for radio work. A rugged, heavy key will help 
in developing this characteristic. 

(r. Obtaining Government Licenses 
It may occur to many readers that there is 

little point in obtaining an amateur operator 
license when amateur radio is not permitted. 
Far from it! An amateur operator license is a 
valuable possession, as many people engaged in 
the war effort have learned. In the Army, it may 
serve as a passport to a preferred position in the 
Signal Corps or Air Forces; in the Navy and 
Marine Corps, the holder of an amateur license 
(provided he also has had a high-school educa-
tion and can pass the physical requirements) 
may be eligible for a rating as a petty officer. 
Even among officer candidates, in some branches 
possession of an amateur operator license is 
accepted as indicating certain proficiency in 
respect to special radio qualifications. This 
also applies to positions in various branches of 
the radio industry engaged in war work. Among 
women, possession of an amateur operator 
license is specified as one of the requirements 
for certain government positions open to 
feminine applicants. Both industry and Civil 
Service give preferred attention to amateur 
licensees. 
When you are able to copy 13 words per min-

ute, have studied basic transmitter theory and 
have familiarized yourself with the radio laws 
and amateur regulations, you are ready to give 
serious thought to securing the government 
amateur operator license which is issued you, 
after examination at a local district office, 
through the Federal Communications Com-
mission at Washington, D. C. 

Because a discussion of license application 
procedure, license renewal and modification, 
exemptions, and detailed information on the 
nature and scope of the license examination 
involves more detailed treatment than it is 
possible to give within the limitations of this 
chapter, it has been made the subject of a 
special booklet published by the League. At 
this point the prospective amateur should 
possess himself of a copy and settle down to a 
study of its pages, in order to familiarize him-
self with the intricacies of the law and prepare 
hi,rnself for his test. The booklet, The Radio 
Amateur's License Manual, may be obtained 
from ARRL headquarters for 25e, postpaid. 
One of the most valuable features of this book 
is its representative examination questions with 
their correct answers. 
Amateur licenses are issued entirely free of 

charge. They can be issued only to citizens of 
the United States, but the requirement of 
citizenship is the only limitation, and licenses 
are issued without regard to age or physical 
condition to anyone who successfully com-
pletes the examination. 
A brief summary of the basic Communica-

tions Act and the amateur regulations and 
special orders current at the time this Hand-
book went to press will be found in Chapter 
Twenty-Two. All pertinent extracts from both 
the Communications Act and the FCC regula-
tions are published in the ¡Acense Manual. 



CHAPTER TWO 

Electrical and adio 
Fundamentals 

t[i 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 is 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 again is 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 these processes are performed by elec-
trical means, a knowledge of the principles 
of electricity is necessary to understand them. 

4g. 2-2 The Nature of Electricity 

Electrons— All matter — solids, liquids 
and gases — is made up of fundamental units, 
called molecules. The molecule, the smallest 
subdivision of a substance retaining all its 
characteristic properties, is constructed of 
atoms of the elements comprising the substance. 
The atom is made up of a central part, called 

the nucleus, around which minute particles or 
charges of electricity, called electrons, circulate. 
The atom can be compared roughly to the solar 
system, with the sun representing the nucleus 
and the planets the electrons. By far the 
greater part of the mass or weight of an atom 
is in the nucleus, but because of its extreme 
compactness the nucleus occupies only a small 
part of the space taken up by the atom. In the 
normal or neutral atom the electrical " charge" 
on each electron is balanced by an equal 
charge of opposite kind associated with the 
nucleus. The kind of electricity represented 
by the electron is called negative, while that 
associated with the nucleus is called positive. 

The greater mass of the nucleus (the nucleus 
is more than 1800 times as heavy as the elec-
trons associated with it) is considered to be 
principally in neutral particles — that is, parti-
cles which exhibit no electrical effects — 
bound together by some means. These neutral 
particles each may actually be the result of the 
combination of a positive and a negative parti-
cle, so that the charge on each is neutralized. 
The net positive charge associated with the nu-
cleus can be looked upon as an excess of positive 
particles, or as an absence of enough negative 
charges to neutralize completely the positive 
charges present. Ordinary electrical activity is 
the result of movements of the electrons, or 
negative charges, so it is customary to consider 
electrical phenomena as caused by the presence 
or absence of these negative particles. 

In the atoms of many substances, one or two 
of the outer electrons associated with the 
nucleus can be detached from the atom by 
suitable means, thus leaving the atom as a 
whole with a net positive charge. When this 
occurs, electrical activity becomes evident. 
The unit of quantity—The amount of 

electricity represented by a single electron is 
extremely small — far too small to be used as 
a unit of quantity in practical electrical work. 
The practical unit of electrical quantity is the 
coulomb. One coulomb is equal to about 6.2 X 
1018 electrons. Because the electron is so mi-
nute, the "granular" nature of electricity is 
not apparent in practical work. 

Static and current electricity— An elec-
trical charge may be either at rest (static) or 
moving. Electrostatics is that branch of electri-
cal theory which deals with the behavior of 
electricity at rest. If an electrical charge is 
moving, its movement constitutes a current of 
electricity. The movement may take place 
through a vacuum, through a gas or liquid, or 
through solid materials (usually metals) called 
conductors. When the movement is through a 
solid, the collection of electrons constituting the 
original charge does not move as a unit through 
the entire path; instead, individual electrons all 
along the path are urged to leave the atoms to 
which they are attached. Each electron travels 
only a relatively short distance before finding 
another atom which is electron-deficient, and 
to which it tends to attach itself. The motion 
is, therefore, transmitted along the path from 
electron to electron, much in the same way 
that motion in a chain is transmitted from link 
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to link. Naturally, the ease with which the 
electron motion is transmitted depends upon 
the ease with which an electron can be de-
tached from an atom of the substance through 
which the current is moving. 
The flow of current through a conductor is 

accompanied by heating of the conductor, 
which may be explained as resulting from col-
lisions between moving electrons and atoms, 
setting the latter into vibration. Thus there is 
a loss of energy, in the form of heat, accom-
panying the flow of current. 

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

Insulators and conductors — Materials 
whose atoms will readily give up an electron 
are called conductors, while those in which all 
the electrons are firmly bound in the atom are 
called insulators or dielectrics. Most metals are 
good conductors, as also are acid or salt solu-
tions. Among the insulators are wood, hard 
rubber, bakelite, quartz, glass, porcelain, tex-
tiles and many other nonmetallic materials. 
Resistance — No substance is a perfect con-

ductor, 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 (high conductivity), good insulators 
very high resistance. Between the two are ma-
terials which are neither good conductors nor 
good insulators, but nonetheless are useful 
since there often is need for intermediate values 
of resistance in electrical circuits. 
Circuits — A circuit is simply a complete 

path along which electrons can move. There 
will normally be a source of energy (a battery, 
for instance), and a load, or portion of the cir-
cuit where the current is made to do useful 
work. There must be an unbroken path 
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. 

([ 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, and a posi-
tively charged object 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 bits 
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, 
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 electrons) and the two charges will 
neutralize, leaving both bodies uncharged. If 
the charges are not equal, the weaker charge 
neutralizes 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 electric 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 
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 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 

b\s, 
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Fig. 202 — Lines of force from 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. 
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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 a convenient 
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, but completely pervades the medium 
through which the force is exerted. With this 
understanding, it is convenient 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 case 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, 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 
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 con-
ductor. In radio work this provides 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. 

+++++4).  (A) 

Fig. 203 — 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 may be "drained off" to earth, as shown at (B). 

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) lifted against the 
gravitational pull of the earth. If 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 po-
tential energy is transformed into a movement 
of electrons, or 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. 
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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 an 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 

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 dd. and /Add., respectively. 
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 
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1P4 .204— The principle of the condenser. 

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 is called a condenser. 

The capacity of a condenaer 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. 

Dielectric 
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Fig. 205 — A simple type of condenser, consisting of 
two metal plates separated by dielectric material. Dia-
grammatic symbols for condensers are shown at the 
right. The two at the top indicate condensers of fixed 
capacity; the two below, condensers whose capacity is 
variable. The symbols on the left are commonly used. 

If insulating or dielectric material other 
than air is inserted between the conductors, it 
is found that the potential difference is 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 thé 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 
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-One. 

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. 
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4:[. 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, 

/ g 

where I 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 ampere. 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 ita application to a metallic conductor. 

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. If 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 
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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. 
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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 in the 
gas, different kinds of gases having different 
characteristic colors. 

• 

Fig. 207 —Electrolytic conduction. NI hen 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. 

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 
water and the ions are recombined into the 
neutral sodium chloride. This spontaneous 
dissociation in solution is another form of 
ionization, and if two wires with a difference 
of potential across them are placed in the solu-
tion, the negative wire will attract the positive 
sodium ions and the positive wire will attract 
the negative chlorine ions. Thus 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 

heated to a temperature that gives them suffi-
cient energy of motion 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 to 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 flow— 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 assumed 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-

Diredion 
of now Positive 

Plate 

Fig. 208 —Illustrating conduction by thermionic emis-
sion of electrons in a vacuum tube. One battery is used 
ordy to heat the filament to a temperature where it will 

electrons. The other battery places a potential on 
the plate which is positive with respect to the filament, 
and as a result the electrons are attracted to the plate. 
The flow of electrons from filament to plate completes the 
electrical path, and current flows in the plate circuit. 
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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 practice often causes confusion, but this 
distinction between " current " flow and 
"electron" flow often must be taken into ac-
count. If electron flow is specifically mentioned 
there is of course no doubt as to the meaning, 
but when the direction of current flow is speci-
fied it may be taken, by convention, as being 
opposite to the direction of electron movement. 
Primary cells—If two electrodes of dis-

similar metals are immersed in an electrolyte, 
it is found that a small difference of potential 
exists between the electrodes. Such a combina-
tion is called a cell. If the two electrodes are 
connected together by a conductor external to 
the cell, an electric current will flow between 
them. In such a cell, chemical energy is con-
verted into electrical energy. The difference of 
potential arises as a result of the fact that ma-
terial from one or both of the electrodes goes 
into solution in the electrolyte, and in the 
process ions are formed in the vicinity of the 
electrodes. The electrodes acquire charges be-
cause of the electric field associated with the 
charged 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 electrolyte 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 
accumulation 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 
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 frequently (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.-
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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 
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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, 
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 sepat:ators of insulating material, generally 
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Fig. 210—Details of typical lead storage-battery construction. 

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 
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 time of dis-

charge is made shorter. It also de-
pends 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, therefore, common prac-
tice 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 
condition. If a discharged battery is 
left standing idle, lead sulphate will 
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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 
bursting at the surface, 
throw out fine drops of 
the electrolyte. This is 

Flea 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 required 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. Alter-
natively, the battery 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 battery 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 degrees below 
zero. Keeping the battery charged therefore 
will prevent 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 same 
as that which may be taken safely from one cell 
alone: since the same current flows through all 
cell, the current capacity is unchanged. 

Shot 

Fig. 21—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. 

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. 

dit 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. 
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Fig. 212 — Series, parallel, and series-parallel connec-
tion of cells. Series connection increases the total voltage 
witl t changing current capacity; parallel connection 
increases current capacity without increasing voltage. 
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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. 

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 
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Fig. 213 — (A) The field about a bar magnet. The 
magnetic lines of force are continuous, 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. 

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 unmagnet-

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 
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. 
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Fig. 214—Whenever 
electric current passes 
through a wire, mag-
netic lines of force 
are set up in the 
form of concentric 
circles at right an-
gles to the wire, and 
a magnetic field ex-
ists around the wire. 
The direction of this 
field is controlled by 
the direction of cur-
rent flow, and can 
be traced by means 
of a small compass. 

Magnetomotive force— The force which 
causes the magnetic field is called magnetomo-
live force, abbreviated in.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 one ampere flows in 10 turns of 
wire, the m.m.f. also is 10 ampere-turns. 
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 pro-
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 
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 special materials such as " perm-
alloy," 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 atiow 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 of the molecular 
magnets within the material become aligned, 
until eventually a point is reached where a very 
great increase in m.m.f. is required to cause a 
relatively small increase in flux. This is called 
magnetic saturation. In this region of saturation 
the permeability decreases, since the ratio 
between the number of lines in the material and 
the number in air, for the same 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 words the 
energy undergoes a transformation when the 
magnetic field is changing, being stored in the 
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 maintained 
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., the relationship be-
tween 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. 
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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 
pesults from the alternate increase and decrease 
in the number of lines of force cutting the wire 
as the m.m.f. varies in intensity. 

Direction of" motion 

S 

lines of Force 
Direction of 
induced em.£ 

Pig. 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 
conductor in the same direction by means of an external 
e.m.f. will cause the conductor to move downward. 

Lenz's Law — 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. 
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 
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 rises 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 thé 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. 
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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. 

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 
it depends as well upon the properties of the 
circuit, since, if a number of similar conductors 
are in the same varying field, the same voltage 
will be induced in each. By combining the con-
ductors 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 de-
termined by the rate of change of current. 
Hence, it is possible to group all the other fac-
tors into one quantity, a property of the cir-
cuit. This property is called inductance. When 
this is done, the equation giving the value of 
the induced voltage becomes: 

Induced voltage 
L X rate of change of current 

where L is the inductance. 
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 
increases with the length of the wire and de-
creases with increasing wire 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-One. 
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-
tions 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 
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Fig. 217— Mutual inductance. When the switch, S, is 
closed current flows through Coil 1, setting up a magnetic 
field which induces an e.m.f. in the turns of Coil 2. 
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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 
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. 

1[1. 2-6 Fundamental Relations 

Direct current— A current which always 
flows 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 measured by 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/t 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 = El 

The unit of power is called the watt. 
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, which is 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 
electrical circuits use metallic conduction in 
whole or in part. 
By transposing the equation, the following 

equally useful forms are obtained: 

E 
R = 

E 
I = — 

R 

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 
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proportional to the area through which the cur-
rent flows. If the temperature is constant, 

R = k —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, 
I. is taken as one centimeter and A as one 
square centimeter (a cube of the material 
measuring one centimeter on a side); kis 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 
formula 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 
R = G1 

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 = — / -= EG 
E G 

The reciprocal of resistivity is called the 
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-One. 
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-
ductor until a balance is reached between the 
heat generated and that radiated to the sur-
rounding air or otherwise carried away. 

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

P = PR 

and making a similar substitution for / gives 

E2 

p — 

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 current flowing. In these formulas 
P is in watts, E in volts and / in amperes. 

Further transposition of the equations gives 
the following forms, useful when the resistanee 
and power are known: 

E = -VTR 

Unless thé circuit containing the resistance 
is being 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 resistance of most pure metals increases 
with an increase in temperature. The resist-
ance of a wire at any temperature is given by 
the formula 

R = Ro (1 -I- at) 

where R is the required resistance, Ro is the 
resistance at 0 degrees C. (temperature of 
melting ice), t is the temperature (Centigrade), 
and a is the temperature coefficient of resistance. 
For copper, a is about 0.004; that is, starting 
from a temperature of 0° C., the resistance in-
creases 0.4 per cent per degree above zero. 
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Fig. 218 — Two common types of fixed resistors. The 
wire-wound type is used for dissipating power of the 
order of 5 watts or more. "Pigtail" resistors, usually 
made of carbon or other resistance material in the form 
of a molded rod or as a thin coating on an insulating tube, 
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. 
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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 hundred degrees F. 

El R In such a case the resistance 
at operating temperature can 
be very considerably higher 
than the resistance at room 

E E2 R2 temperatu re. Consequently 
such resistors are wound with 
wire which has a low tem-
perature coefficient of resist-

E3 ance, so that the resistance 
will be as nearly constant as 
possible under all working 
conditions. 
Resistances in series— 

When two or more resistances are connected 
so that the same current flows through each in 
turn, as shown in Fig. 219, they are said to be 
connected in series. Then, by Ohm's Law, 

Ei = /RI 
E2 = /R2 
E3 = IR3 

etc., where the subscripts 1, 2, 3 indicate the 
first, second and third resistor, and the volt-
ages Ei, 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 = El E2 E3 = /RI + /R2 + /R3 
/ (R1 ± R2 + R3) = IR 

That is, the voltage across the resistors in 
series is equal to the current multiplied by the 
sum of the individual resistances. In the above 
equation, R, which denotes this sum, may be 
called the equivalent resistance or total re-
sistance. The equivalent resistance of a number 
of resistors connected in series is, therefore, 
equal to the sum of the individual resistances. 
Resistances in parallel— When a number 

of resistances are connected so that the same 
voltage is applied to all, as shown in Fig. 220, 
they are said to be connected in parallel. By 
Ohm's Law, 

Fig. 219— Resist-
ances in series. 

E 
11 = — 

R1 

E 
1 2 = — 

R2 

E 
13 = 

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

E E E 
= /1 + 12 + 13 —R1 + 4- R3 = 

1 1 = 

E C-1074+71 i)  

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 
— — — — 
R Ri R2 R3 

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 = G2 + G3 

where G is the total conductance and Gi, 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  
R — 

1 1 1 

74 74 74 

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

t, 

R2 

13 

Fig. 220 — Resistances in parallel. 

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

R —  Rj R2  
± R2 

Series-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 = E 
=I + 

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 El across R1 is equal to the 
applied voltage, E, multiplied by the ratio of 
R1 to the total resistance, or 

E1 — R1  E 
R1 ± R, + R3 
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Fig. 222 — Voltage divider (A) and potentiometer (B). 

Similarly, the voltage, E2, is equal to 

RI -F R2  E 
R1 + 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, since under such conditions the 
same current does not flow in all parts of the 
divider. Design data for such eases are given in 
§ 8-10. 
A similar arrangement is shown in Fig. 

222-B, where the total resistance, R, is equipped 
with a sliding tap for fine adjustment. Such a 
resistor is frequently called a potentiometer. 
Inductances 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 Li ± L2 + L3 

and for inductances in parallel, 

1  
L 

1 1 1 
Li 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: 

Q Q1 + (22 + Q3 = CIE + C2E + CE = 
(C1 -I- C2 + Ca)E CE 

where C is the equivalent capacity. The equiv-
alent capacity of condensers in parallel is equal 
to the sum of the individual capacities. 
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 C1. 
By electrostatic induction, an equal charge of 
opposite polarity (negative in the illustration) 
appears on the bottom plate of C1, and, since 
the lower plate of C1 and the upper plate of C2 
are connected together, this must leave an 
equal positive charge on the upper plate of C2. 
This, in turn, causes the lower plate of C2 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, 

Q Q (  E = E2 E3 = — — _ ( C2 Cg 

(— 1 , 1 , 1 — = 
C1 C2 C3 I C 

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

1 c-
1 j_ 1 1 

C1 -1 C2 C3 

where the number of terms in the denominator 
should be the same as the actual number of 
condensers in series. 
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Fig. 223 — Condensers in parallel (A) and in series (B). 

Time constant — When a condenser and 
resistor are connected in series with a source 
of e.m.f., such as a battery, the initial flow of 
current into the condenser is limited by the 
resistance, so that a longer period of time is 
required to complete the charging of the con-
denser than would be the case without the 
resistor. Likewise, when the condenser is dis-
charged through a resistance, 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 pro-
portional to the capacity and resistance, the 
product of which is called the time constant of 
the circuit. If C is in farads and R in ohms, or 
C in microfarads and R in megohms, this prod-
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net gives the time in seconds required for the 
voltage across a discharging condenser to drop 
to 11e, or approximately 37 per cent of its origi-
nal value. (The constant e is the base of the 
natural series of logarithms.) 

TIME 
Instant oil. 
ClesingSw tch 

Fig. 224 —Showing how the current in a circuit com-
bining resistance with inductance or capacity takes a 
finite period of time to reach its steady-state value. 

A circuit containing inductance and re-
sistance also has a time constant, for similar 
reasons. The time constant of an inductive 
circuit is equal to L/R, where L is in henrys 
and R in ohms. It gives the time in seconds re-
quired for the current to reach 1-1/e, or approx-
iinately 63 per cent of its final steady value 
when a constant voltage is applied. 
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. All such instruments there-
fore are current operated, the current required 
for full-scale deflection of the pointer varying 
from several milliamperes to a few microam-
peres according to the sensitivity required. If 
the instrument is to read high currents, it is 
shunted (paralleled) by a low resistance 
through which most of the current flows, leav-
ing only enough flowing through the instru-
ment to give a full-scale deflection correspond-
ing to the total current flowing through both 
meter and shunt. An instrument which reads 
inicroamperes is called a microatnmeter or 
galvanometer; one calibrated in milliamperes is 
called a milliammeter; one calibrated in am-
peres is an ammeter. A voltmeter is simply a mil-
liammeter with a high resistance in series so 
that the current will be limited to a suitable 
value when the instrument is connected across 
a voltage source; it is calibrated in terms of 
the voltage which must appear across the 
terminals to cause a given value of current to 
flow. The series resistance is called a multi-

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 milliainmeter 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. 

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 accompanied 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. 

Ca11.6fraled 
Scale 

Pointer 

Rotatable 
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Source of e.mi Multipher 
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Fig. 225 —Principle of the d.c. mca ,uring instrument. 
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 shots n) so that the amount of movement 
is proportional to the value of the current in the coil. Con-
nections for measuring current and voltage are indicated 
at the right. The shunt resistor is used for increasing the 
value of the current which the instrument can measure, 
by providing an alternate path through which some of 
the current ean flow. The series multiplier limits the 
current when the instrument is used to measure voltage. 



Electrical and Radio Fundamentals 37 

I 0 

Peak value 

A. C. meters read the 
707 effective (rms)values 

of current and voltage 
(rms = .707 of peak 
value of sine wave 

N 

One cycle 

' 1.0 

rime 
360' 

Fig. 226 — Sine-wave alternating current or voltage. 

The simplest form of alternating current (or 
voltage) is shown graphically in Fig. 226. 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 
maximum in the opposite direction and comes 
back to zero. The curve follows the sine law 
and is known as a sine wave, because of the 
wavelike nature of the curve which results 
when sine values are plotted on rectangular 
coordinates as a function of angle or time. 
An alternating current or voltage of sine-

wave form has angular velocity, period, fre-
quency and phase. 
Units of frequency — Alternating currents 

are identified by their frequency, the basic unit 
for which is the number of cycles per second. 
In radio work, where frequencies are extremely 
large, it is convenient to use two other units, 
kilocycles per second (cycles per second ÷ 1000) 
and megacycles per second (cycles per second 
÷ 1,000,000). These are usually abbreviated 
kc. and Mc., respectively. Occasionally these 
abbreviations are written kcs. and Mcs. to indi-
cate " kilocycles per second" and " megacycles 
per second" rather than simply "kilocycles" 
and "megacycles," but in both written and 
spoken usage it is understood that " per second" 
is an integral part of the term when the shorter 
forms are used. 
Peak, instantaneous 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 peak has the same 
absolute value on both the positive and nega-
tive halves of the cycle. This is not necessarily 
true of waves having other than the sine form. 
The value of current or voltage at any par-

ticular point of time in the cycle is called the 
instantaneous value. The instant for which the 
value is to be found can be specified in terms of 
time (fraction of the period) 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 same resistance. This 
effective value is the square root of the mean 
of all the instantaneous current values squared. 
For the sine-wave form, 

Eeff = %E.1,.. 
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 an 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, are related to each 
other as follows: 

= Eat X 1.414 = Ee,,e X 1.57 
Eeu= Em X 0.707 = E. X 1.11 

= Em. X 0.636 = Eoff X 0.9 

The relationships for current are equivalent 
to those given above for voltage. 
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 whicn 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 is least when the current 
is maximum. For this reason, the induced 
voltage is maximum when the current is zero 
and is zero when the current is maximum. 
The direction or polarity of the induced volt-
age is such as to tend to keep the current 
flowing when the current is decreasing and to 
prevent it from flowing 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 al-

ways oppose the applied voltage; that is, the 
induced and applied voltages must be in phase 
opposition, or 180 degrees out of phase. Con-
sequently, the applied voltage leads the current 
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by 90 degrees. These relationships are shown 
in Fig. 227. Using the voltage as a reference, 
the current in an inductance lags 90 degrees, 
or one-quarter cycle, behind the voltage. (In a 

E L 

Fig. 227 — Voltage, current and power relations in an 
alternating-current circuit consisting of inductance only. 

vector diagram, the current and voltage can-
not be added vectorially because they are 
different kinds of quantities. In diagrams 
showing both current and voltage, one is gen-
erally used simply as a reference, to establish 
phase relationships. lf several currents are 
shown on one diagram, they can of course be 
added together if they are in the same circuit; 
similarly, several voltages in the same circuit 
can be added. However, frequent use is made 
of vector diagrams to show phase relationships 
in different circuits, in which ease the vectors 
representing current and/or voltage in different 
circuits cannot be açlded.) 
When the current is increasing in either 

direction, energy is being stored in the mag-
netic field. At such times the voltage has the 
same polarity as the current, so that the prod-
uct of the two, which gives the instantaneous 
power fed to the inductance, is positive. When 
the current is decreasing energy is being re-
stored 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. 227.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 
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-
plied to a condenser, the condenser acquires a 
charge while the voltage is rising and loses its 
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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. 228. 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. This is of 
course the normal condition for charge and dis-
charge of a condenser. The energy stored in the 
condenser on the charging part of the cycle is 
restored to the circuit on the discharge 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 actual energy losses as may 
occur as the result of heating of the dielectric 
(§ 2-3). The energy loss in air condensers used 
in radio circuits is negligibly small except at 
extremely high frequencies. 

As shown by Fig. 228, 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 ease. 

E 

Fig. 228 — Voltage, current and power relations in an 
alternating.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. 229. 

Strictly speaking, no circuit can have resist-
ance only, because the flow of current always 

1 E 

Fig. 229 — Voltage, current and power relations in an 
alternating-current circuit consisting of resistance only. 

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 many varieties of ways. 
For the transmission of power to light homes, 
run motors and perform familiar everyday 
tasks by electrical means, low frequencies are 
most suitable. Frequencies of 25, 50 and 60 
cycles are in common use, the latter being most 
widely used in this country. The range of fre-
quencies between about 15 and 15,000 cycles is 
known as the audio-frequency range, because 
when frequencies of this order are converted 
from a.c. into air vibrations, as by a loudspeaker 
or telephone receiver, they are distinguishable 
as sounds having a tone pitch proportional to 
the frequency. Frequencies above 15,000 cycles 
(15 kilocycles) are used for radio communica-
tion, because with frequencies of this order 
it is possible to convert electrical energy into 
radio waves which can be radiated over long 
distances. 

For convenience in reference, the following 
classifications for radio frequencies have been 
recommended by an international technical 
conference and are now increasingly in use: 

10 to 30 kilocycles 
30 to 300 kilocycles 
300 to 3000 kilocycles 
3 to 30 megacycles 
30 to 300 megacycles 
300 to 3000 megacycles 
3000 to 30,000 megacycles 

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

Until recently, older terminology was in com-
mon use; for example, all frequencies above 30 
megacycles formerly were considered to be in 
the " ultrahigh-frequency" region. 

41 2-8 Ohm's Law for Alternating 
Currents 

Resistance — Since current and voltage are 
always in phase through a resistance, the in-
stantaneous relations for a.c. are equivalent to 
those in d.c. circuits. By definition, the effec-
tive units of current and voltage for a.c. are 
made equal to those for d.c. in resistive cir-
cuits (§ 2-7).• Therefore the various formulas 
expressing Ohm's Law for d.c. circuits apply 
without any change to a.c. circuits containing 
resistance only, or for purely resistive parts of 
complex a.c. 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 one quan-
tity in the formula, the unknown will be ex-
pressed in effective value. Unless otherwise 
indicated, the effective value of current or volt-
age is always understood to be meant when 
reference is made to " current " or "voltage." 
Reactance — In an a.c. circuit containing 

inductance or capacity, but no resistance, there 
is no consumption of power — simply a con-
tinuous back-and-forth transfer of energy 
between the magnetic or electric field and the 
circuit (§ 2-7). Since the average power is zero, 
the Ohm's Law formulas cannot be applied in 
terms of peak or effective voltages and currents. 
Nevertheless, if the frequency is constant the 
current which flows in an inductive or capaci-
tive circuit is directly proportional to the volt-
age applied; that is, 

E = XI 

where X is a constant depending upon the cir-
cuit, and is called the reactance of the circuit. 
By transposition, the formula can be written 

E X = E I = — 
X 

These expressions are quite similar to those 
for the resistive circuit, and the quantity X 
has the same effect upon current flow as does 
resistance in a resistive circuit. Consequently, 
the ohm is used as the unit of reactance, just as 
it is for resistance. Unlike resistance, however, 
reactance does not use up or dissipate power. 
Inductive reactance — When alternating 

current flows through an inductance, the in-
duced voltage and applied voltage are equal 
(§ 2-7). Since the induced voltage is equal to 
the inductance of the coil multiplied by the 
rate of change of current, it is evident that a 
given value of voltage (to oppose a fixed ap-
plied voltage) can be induced either by using 
a large inductance and a small rate of change 
of current or by using a large rate of current 
change and a small inductance, so long as the 
product of the two is constant. The rate of 
change of current is determined by the ampli-
tude of the current and the angular velocity. 
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Therefore, for sine-wave current, 

E =- 27rfLI, or —E = 277fL 

Since X = E/I, then 

XL = 27rfL 

where the subscript L indicates that the re-
actance is inductive. That is, inductive re-
actance is proportional to inductance and to 
the applied frequency. At low frequencies a 
large inductance must be used to obtain high 
reactance, but at very high frequencies the 
same value of reactance can be obtained readily 
with quite a small inductance. 
The fundamental units (ohms, cycles, 

henrys) must be used in the above equation, 
or appropriate factors inserted if other units 
are employed. If inductance is in millihenrys, 
frequency should be in kilocycles; if induct-
ance is in microhenrys, frequency should be 
in megacycles, to bring the answer in ohms. 

Capacitive reactance— With a fixed value 
of applied voltage, the quantity of electricity 
stored in a condenser of given capacity is al-
ways the same (Q = CE), and, if losses are 
negligible, the same quantity of electricity is 
taken out of the condenser on discharge. When 
an a.c. voltage is applied to a condenser the 
alternate charge and discharge, as the applied 
voltage rises and falls and reverses polarity, 
constitutes current flow "through" the con-
denser. The amplitude of the current is pro-
portional to the rate of change of the voltage 
(§ 2-7) and also to the capacity of the con-
denser, since both these quantities increase the 
amount of electricity transferred in the cir-
cuit in a given period of time. Since rate of 
change of voltage is proportional to the ampli-
tude of the voltage and the angular velocity, 
then, for sine-wave voltage, 

I = 27rfCE, or 

Since X = El!, then 

Xc = 
27rfC 

where the subscript C indicates that the reac-
tance is capacitive. Capacitive reactance is 
inversely proportional to capacity and to the 
applied frequency. For a given value of capac-
ity, the reactance decreases as the frequency 
increases. 
Fundamental units (farads, cycles per sec-

ond) must be used in the right-hand side of the 
equation to obtain the reactance in ohms. Con-
version factors must be used if the frequency 
and capacity are in units other than cycles 
and farads. If C is in microfarads and f in 
megacycles, the conversion factors cancel and 
the reactance will be given in ohms. 
Impedance— In any series circuit the same 

current flows through all parts of the circuit. 
If a resistance and inductance are connected 
in series to form an a.c. circuit they both carry 
the same current, but the voltage across the 

E 1 

71. = 27rfe 

1 

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 sum of the voltages across the in-
dividual resistances (§ 2-6). This is also true of 
the a.c. 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 the two voltages, the maxi-
mum value of the applied voltage will not be 
the sum of the maximum values of the two 
voltages (§ 1-9), so that the effective values 
cannot be added directly. 
The relationships are shown by means of 

vectors in Fig. 230. If the current vector is 
used as a reference, the voltage across the re-
sistance is in phase with the current and hence 
lies on the same line. The voltage across the 
inductance is 90 degrees ahead of the current, 
and therefore is drawn at right angles upward. 
The resultant voltage is, consequently, the 
hypothenuse of a right triangle, and, by 
geometry, 

E2 = E2z. E2R, or E = VE2a E2r. 

Since ER = IR and EL = IXL, substitution 
gives 

  E   
E = I -VR2 X2L, or 7 7 VR2 + X2L, 

E/I is called the impedance of the circuit and is 
designated by the letter Z. The impedance de-
termines the voltage which must be applied to 
the circuit to cause a given current to flow. 
The unit of impedance is, therefore, the ohm, 
just as in the case of resistance and reactance, 
which also determine the ratio of voltage to 
current. However, the phase angle between 
voltage and current must be specified, along 
with the impedance, for the true nature of the 
impedance to be known. 

Similar consideration of resistance and ca-
pacity in series leads to the same expression 
for the impedance of such a circuit. However, 
in this case the voltage across the condenser 
lags the current, so that the "impedance tri-
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Fig. 230 — Voltage and current relationships in a.c. cir-
cuits having resistance and inductance or resistance and 
capacity. Vector diagrams should be drawn to scale for 
particular values of voltage or reactance and resistance. 
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angle" is drawn with the condenser voltage or 
reactance extending downward. The general 
formula is 

Z R2 

Ohm's Law for alternating current circuits 
then becomes 

I = z—E Z =—E • E = IZ 
I 

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

In an a.c. circuit containing reactance only 
the phase angle is 90 degrees, with current lag-
ging the voltage if the reactance is inductive 
and current leading the 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 reactance 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 impedance, in ohms, 
may be found from the equation above. 

Series circuits with L, C and R — When 
inductance, capacity and resistance all are in 
series in an a.c. 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 the current is the 
same through all. The voltages across the in-
ductance and capacity are 180 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. 

This is shown by the vector diagram of Fig. 
231. Since the angles of lead and lag are both 
90 degrees, the reactance voltage lines are op-
positely directed. The effect is exactly the 
same as though the difference between the two 
voltages (or reactances, in the impedance di-
agram) had been found first, and this differ-
ence then used as though it were a single volt-
age (or reactance). The net reactance in a 
series circuit is, hence, the difference between 
the inductive and capacitive reactances; or 

X = XL — XC 

If more than one inductance is present, the 
total inductive reactance is the sum of the in-
dividual reactances; similarly .for capacitive re-
actances. Inductive reactance is conventionally 
taken as "positive" and capacitive reactance as 
"negative." With this convention, algebraic ad-
dition of all the reactances in a series circuit 
gives the total or net reactance of the circuit. 

Parallel circuits with L, C and R — The 
equivalent resistance of a number of resistances 
in parallel in an a.c. circuit is found by the same 
rules as in the case of d.c. circuits (§ 2-6). 
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Fig. 231 — Current and voltage relationships in an 
a.c. circuit containing resistance, inductance and ca-
pacity in series. Step-by-step addition of voltage vectors 
is shown. The ± signs are used in the algebraic sense, ca-
pacitive voltage or reactance being considered negative. 

Parallel reactances of the same kind have an 
equivalent reactance given by a similar rule: 

1 

X = + + 1   
X1 X2 X3 

This formula cannot ba used, however, if both 
inductive and capacitive reactance are in 
parallel. 
When reactances and resistances are in 

parallel, the same voltage is applied to the vari-
ous circuit elements. The current which flows 
is the vector sum of the currents in the various 
branches; that is, the phase of the currents 
with respect to the applied voltage must be 
taken into account in finding the total current. 
Fig. 232-A shows a resistance and inductance 
in parallel, with the corresponding vector dia-
gram. The voltage is taken as the reference, 
since it is common to both branches. The cur-
rent through the resistance is in phase with 
the voltage and coincides in direction with the 
voltage line. The current through the induct-
ance lags the applied voltage by 90 degrees, 
hence is drawn at right angles downwards. The 
amplitudes of both currents are found by di-
viding the voltage by the resistance and react-
ance, respectively. The total current combines 
by the right-triangle rule; that is, 

/ = \// jel /2 

The impedance of the circuit is equal to E/I, so 

By assuming some convenient value fôr 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. 
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Resistance and capacity in parallel are 
shown in Fig. 232-B, with the corresponding 
vector diagram. Except for the fact that the 
current now leads the voltage, the relation-
ships are the same as before and the total cur-
rent and impedance can be found by using the 
same formulas. 
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Fig. 232 — Parallel reactance and resistance in a.c. cir-
cuits. The various currents add vectorially as indicated. 

When resistance, inductance and capacity 
are combined in parallel, as in Fig. 232-C, the 
vector diagram has the typical form shown. 
The currents in the inductance and capacity 
are 180 degrees out of phase, so that the total 
current through these elements (neglecting the 
resistance) is the difference between the two 
currents. Because of this, the current flowing 
in the line is always smaller than the largest 
reactive current, indicating that when induct-
ance and capacity are connected in parallel the 
resultant impedance is larger than either of the 
individual reactances. The net reactive cur-
rent may either lead or lag the applied voltage, 
depending upon whether the inductive or 
capacitive reactance is larger. The current 
taken by the parallel resistance is determined 
solely by the applied voltage. The total cur-
rent and impedance of such a circuit can be 
found by the formulas used above, if for Ix 
the difference between the currents in the in-
ductance and capacity is used. 
With series-parallel circuits the solution be-

comes considerably more complicated, since 
the phase relationships in any parallel branch 
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 factor — The power dissipated in 

an a.c. circuit containing both resistance and 
reactance is consumed entirely in the resist-
ance, hence is equal to PR. However, the 
reactance is also effective in determining the 
current or voltage in the circuit, even though 
it consumes no energy. Hence the product of 
volts times amperes (which gives the power 

consumed in d.c. circuits) for the whole circuit 
may be several times the actual power used up. 
The ratio of power dissipated (watts) to the 
volt-ampere product is called the power factor 
of the circuit, or 

Watts  
Power factor — 

Volt-amperes 

Distributed capacity and inductance— 
It should not be thought that the reactance 
of coils becomes infinitely high as the fre-
quency is increased to a high value and, like-
wise, that the reactance of condensers becomes 
infinitely low at high frequencies. All coils have 
some capacity between turns, and the react-
ance of this capacity can become low enough 
at some high frequencies to tend to cancel the 
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 for 
high-frequency work must be designed to have 
low "distributed" capacity and condensers 
must be made with short, heavy leads to have 
low 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 
(§ 24). Because the rapidly reversing current 
is accompanied by similar reversals in the mag-
netic field, instruments used for measurement 
of d.c. (§ 2-6) will not operate on a.c. At low 
frequencies suitable instruments can be con-
structed by making the current produce both 
magnetic fields, one by means of a fixed coil 
and the other by the moving coil. Such in-
struments are used for measurement of either 
current or voltage. At radio frequencies this 
type of instrument is inaccurate because of 
distributed 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 the 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. 

41. 2-9 The Transformer 

Principles —It has been shown in the pre-
ceding sections that, when an alternating volt-
age is applied to an inductance, the flow of 
alternating current through the coil 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 
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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 constitutes a 
transformer. The coil connected to the source of 
energy is called the primary coil, and the 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. 

Voltage and turns ratio— For a given vary-
ing magnetic field, the voltage induced in a 
coil in the field will be proportional to the 
number of turns on the coil. If the two coils 
of a transformer are in the same field, 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, 

ns 

np 
— Cip 

where Es 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 n3/n5 is called the turns ratio 
of the transformer. 

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 causes the rate of change of flux to be less 
in the secondary than in the primary. In gen-
eral, 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. 
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 course, can be used 
only on a.c., since no voltage will be induced in 
the secondary if the magnetic field is not 
changing. If d.c. is applied to the primary of a 
transformer, a voltage will be induced 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. 

Transformers for use at radio frequencies 
are usually wound on nonmagnetic material 
("air core") because the losses in ordinary iron 
cores are excessive at these frequencies. As a 
general rule, the equation given in the preced-
ing paragraph does not apply to such trans-

formers, because only a small part of the flux 
set up by the primary cuts the secondary 
turns. Even when special iron cores are used 
this statement is usually true of r.f. trans-
formers, for reasons considered in § 2-11. 

Transformers for use at power frequencies 
and audio frequencies are wound on iron cores, 
hence nearly all of the primary flux cuts the 
secondary turns. The turns-ratio equation can 
be used at these frequencies. The following 
discussion will be confined to such trans-
formers. 

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 core. 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 effect upon the original field. 
To maintain the induced primary voltage equal 
to the applied voltage, however, the original 
field must be maintained. Consequently, the 
primary current must change in such a way 
that the effect of the field set up by the sec-
ondary current is completely canceled. This is 
accomplished when the primary draws an addi-
tional current that sets up a field exactly 
equal to the field set up by the secondary cur-
rent, but which always opposes the secondary 
field. The additional primary current is thus 
180 degrees out of phase with the secondary 
current. (This assumes that all the flux cuts 
both coils.) The total primary current is then 
the vector sum of the magnetizing current and 
this additional load 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 load. This is 
justifiable, because in any well-designed trans-
former the magnetizing current is quite small 
in comparison to the load current when the 
litter is near the rated value. 

Primary ,Secondary 

lE 
SYMBOLS 

Fig. 233 — The transformer. Power is transferred from 
the primary coil to the secondary by means of the mag-
netic field. The upper symbol at right indicates an iron-
core transformer, the lower one an ainoore transformer. 
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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 relationships; 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, 

P. = n P; 

where P. is the power taken from the sec-
ondary, Pi is the power input to the primary, 
and n is a factor which 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 leakage inductance associated with 
both windings of the transformer, but not 

Fig. 234 — The equivalent circuit of a transformer in. 
dudes the effects of leakage inductance and resistance of 
both primary and secondary windings. The resistance 
R. is an equivalent resistance representing the constant 
core losses. Since these are comparatively small, their ef-
fect may be neglected in many approximate calculations, 

common to them. Leakage inductance acts in 
exactly the same way as an equivalent amount 
of ordinary inductance inserted in series with 
the circuit. It has, therefore, a certain react-
ance, depending upon the amount of induct-
ance and the frequency. This reactance is called 
leakage reactance. 

In the primary the practical effect of leak-
age reactance is equivalent to a reduction in 
applied voltage, since the primary current 
flowing through the leakage reactance causes 
a voltage drop. This voltage drop increases 
with increasing 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 
induced voltage also decreases proportionately. 
When current flows in the secondary circuit 
the secondary leakage reactance causes an 
additional voltage drop, which results in a 
further reduction in the voltage available from 
the secondary terminals. Thus, 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 
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. 
At power frequencies (60 cycles) the voltage at 
the secondary, with a reasonably well-designed 
transformer, should not drop more than about 
10 per cent under load. The drop in voltage 
may be considerably more than this in a trans-
former operating at audio frequencies, however, 
since the leakage reactance in a transformer 
increases directly with the frequency. 
Impedance ratio — In an ideal transformer 

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

E, I= E1 I 

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

E, _ E, in,\I 

— T. 

Since Z = Ell, E./I. is the impedance of the 
load on the secondary circuit, and EVI, is the 
impedance of the loaded transformer as viewed 
from the line. The equation states that the 
impedance presented by the primary of the 
transformer to the line, or source of power, 
is equal to the secondary load impedance multi-
plied by the square of the primary-to-second-
ary turns ratio. This primary impedance is 
called the reflected impedance or reflected load. 
The reflected impedance will have the same 
phase angle as the secondary load impedance, 
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SHELL TYPE 
LAMINATION SHAPE 

CORE TYPE 

Fig. 235 — Tuo c pes of transformer construc-
tion. Core pieces are interleaved to provide a continu-
ous magnetic path with as low reluctance as possible. 

as previously explained. If the secondary load 
is resistive only, then the 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 practical cases. The impedance 
ratio of the transformer consequently 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 resistance (or 
impedance) for optimum operation. The re-
sistance of the actual load which is to dissipate 
the power may differ widely from this value, 
hence the transformer, with its impedance-
transforming properties, is frequently called 
upon to change the actual load to the desired 
value. This is called impedance matching. From 
the preceding paragraph, 

12„ 

np Zi, 

where. n./n„ is the required secondary-to-
primary turns ratio, Z. is the impedance of the 
actual load, and Zp is the impedance required 
for optimum operation of the device delivering 
the power. 
Transformer construction— Transformers 

are generally built so that flux leakage is mini-
mized insofar as possible. The magnetic path 
is laid out so that it is as short as possible, since 
this 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 both wind-
ings are placed on the inner leg, while in the 
core type the primary and secondary windings 
may be placed on separate legs, if desired. This 
is sometimes done when it is necessary to mini-
mize capacity effects between the primary and 

secondary, or when there is a large difference of 
potential between primary and secondary. 
Core material for small transformers is 

usually silicon steel, called "transformer iron." 
The core is built up of thin sheets, called 
laminations, insulated from each other (by a 
thin coating of shellac, 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, these eddy currents 
would cause considerable loss of energy in 
overcoming the resistance of the core material. 
The separate laminations are overlapped, to 
make the magnetic, path as continuous as 
possible and thus reduce leakage. 
The number of turns required on the pri-

mary for a given applied e.m.f. is determined 
by the maximum permissible flux density in the 
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 little consequence, but in 
audio-frequency transformers it may cause un-
desired resonance effects (see § 2-10 for a dis-
cussion of resonance). High-grade audio trans-
formers often have special types of windings 
designed to minimize distributed capacity. 
The autotransforrner — The transformer 

principle can be utilized with only one winding 
instead of two, as shown in Fig. 236; the princi-
ples just discussed apply equally well. The 
autotransformer has the advantage that, since 
the line and load currents are out of phase, 
the section of the winding common to both 
circuits carries less current than the remainder 
of the coil. This advantage is not very marked 
unless the primary and secondary voltages do. 
not differ very greatly, while it is frequently 
disadvantageous to have a direct connection. 
between primary and secondary circuits. For 
these reasons, application of the autotratis-
former is usually limited to boosting or reduc-
ing the line voltage by a relatively small 
amount for purposes of voltage correction. ' 

Iron Core Fig. 236 — The aut3-trans-
former is based on the trains-
former principle, but tines 
only one winding. The line 

Lire and load currents in the 
common winding (A) flow in 
opposite directions, so that 
the resultant current is the 
difference between them:the 
voltage across A is propor-
tica..1 to tic torus ratio. 
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IQ 2-10 Resonant Circuits 

Principle of resonancè — It has been shown 
(§ 2-8) that the inductive reactance of a coil 
and the capacitive reactance of a condenser 
are oppositely affected by frequency. In any 
series combination of inductance and capaci-
tance, therefore, there is one particular fre-
quency for which the inductive and capacitive 
reactances are equal. Since these two react-
ances cancel each other, the net reactance in 
the circuit becomes zero, leaving only the re-
sistance to impede the flow of current. The 
frequency at which this occurs is known as the 
resonant frequency of the circuit and the 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 = X . Substituting the formulas for in-
ductive and capacitive reactance (§ 2-8) gives 

2srfL 1 
27rfC 

Solving this equation for frequency gives 

f 1_  27,-‘/Lc 

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 -  x 106 
271-V Lc 

where f is the frequency in kilocycles per sec-
ond, te is 6.28, L is the inductance in micro-
henrys (eh.), and C is the capacitance in micro-
mi crofarads 
The resistance that may be present does not 

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

quency is applied, as shown in Fig. 237-A, 
the current flowing through such a circuit will 
be maximum at the resonant frequency. The 
magnitude of the current at resonance will be 
determined by the resistance in the circuit. The 

1----"" Constant 
Voltage 
Variable 
Frequency 

A—SERIES RESONANCE 

Constant 
Voltage 
Variable 
Frequency 

8—PARALLEL RESONANCE 
FREQUENCY 

Fig. 237— Characteristics of series-resonant and par. 
allel-resonant circuits with variations in resistance,R. 

curves of Fig. 237 illustrate this, curve a being 
for low resistance and curves b and c being 
for increasingly greater resistances. 

In the circuits used at radio frequencies the 
reactance of either the coil or condenser at 
resonance is usually several times as large as 
the resistance of the circuit, although the net 
reactance is zero. As the applied frequency de-
parts from resonance, say on the low-frequency 
side, the reactance of the condenser increases 
and that of the inductance decreases, so that 
the net reactance (which is the difference be-
tween the two) increases rather rapidly. When 
it becomes several times as high as the resist-
ance, it becomes the chief factor in determining 
the amount of current flowing. Hence, for cir-
cuits having the same values of inductance and 
capacity but varying amounts of resistance, 
the resonance curves tend to coincide at fre-
quencies somewhat removed from resonance. 
The three curves in the figure show this ten-
dency. 

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 inductance and capacity 
(§ 2-8), the total current through such a com-
bination is less than the current 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 the line current, will be zero no matter 
how large the individual branch currents may 
be. The impedance (Z E /I) 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 is 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 difference between the cur-
rents in the two branches is less than 180 de-
grees and the two currents will not cancel com-
pletely. However, the line current may be very 
small if the resistance is small compared to the 
reactance, and thus the parallel impedance at 
resonance may be very high. 
As the applied frequency is increased or de-

creased from the resonant frequency, the re-
actance of one branch decreases and that of 
the other branch increases. The branch with 
the smaller reactance takes a larger current, if 
the applied voltage is constant, and that with 
the larger reactance takes a smaller current. 
As a result, the difference between the two 
currents becomes larger as the frequency is 
moved farther from resonance. Since the line 
current is the difference between the two cur-
rents, the current increases when the frequency 
moves away from resonance; in other words, 
the parallel impedance of the circuit decreases. 
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The variation of parallel impedance of a 

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

In the case of parallel circuits, resonance 
may be defined in three ways: the condition 
which gives maximum impedance, that which 
gives a power factor of 1 (impedance purely 
resistive), or (as in series circuits) when the in-
ductive and capacitive reactances are equal. If 
the resistance 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 frequency of 
a parallel circuit is generally computed by the 
series-resonance formula given above. 
Resistance at high frequencies — At radio 

frequencies the resistance of a conductor may 
be considerably higher than its resistance to 
direct current or low-frequency a.c. This is 
because the magnetic field set up inside the 
wire tends to force the current to flow in the 
outer part of the wire, an effect which in-
creases with frequency. At high radio frequen-
cies this skin effect is so pronounced that 
practically all the current flows very near the 
surface of the conductor, thereby in effect 
reducing the cross-sectional area and hence 
increasing the resistance. For this reason low 
resistance can be achieved only by using con-
ductors with large surface area, but, since the 
inner part of the conductor does not carry 
current, thin-walled tubing will serve just as 
well as solid wire of the same diameter. 
A further effect occurs in coils at radio fre-

quencies. The magnetic fields cause a concen-
tration of current in certain parts of the con-
ductors, again causing an effective decrease 
in the conductor size and raising the resistance. 
These effects, plus the effects of stray currents 
caused by distributed capacity (§ 2-8), raise 
the effective resistance of a coil at radio fre-
quencies to many times the d.c. resistance of 
the wire. 
Magnetic materials at high frequencies — 

At frequencies above the audio range (upper 
limit in the vicinity of 15,000 cycles) ordinary 
iron and steel cores are not useful for increasing 
the inductance of coils, although they are 
highly effective for this purpose at low fre-
quencies. This is principally because losses 
from currents induced in the iron (eddy cur-
rents) increase to a prohibitive extent at high 
frequencies, since the induced current is pro-
portional to frequency. Coils for radio-fre-
quency purposes either are constructed with-
out magnetic material (air-core) or have spe-
cial types of iron cores particularly designed to 
reduce losses. Cores for radio-frequency use are 
made from finely divided iron of selected 
grades, held together with an insulating bind-
ing material in such a way that each iron parti-
ele is effectively insulated from the others. This 

prevents, or greatly reduces, the loss from 
eddy currents. The permeability of such a 
"powdered-iron" core, is high enough, and the 
core losses are low enough, so that it is possible 
to construct an iron-core coil having lower 
effeâtive resistance than an air-core coil of the 
same inductance. Although coils of this type 
now are used chiefly at the lower radio fre-
quencies (below about 2 Me.), practicable iron-
core coils have been constructed for frequencies 
approaching the very-high-frequency range. 
Sharpness of resonance — As the internal 

series resistance is increased 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 frequency is a measure of the 
sharpness of tuning or selectivity (ability to dis-
criminate between voltages of different fre-
quencies) in such circuits. This is an important 
consideration in tuned circuits for radio work. 
Flywheel effect; 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 condenser. When 
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 proportional to 
the ratio of the energy stored to that dissi-
pated in each cycle of the oscillation. This ratio 
is called the Q (quality factor) of the circuit. 

Since energy is stored by either 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 either 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 resistance, 

X 
Q = 

This relationship is useful in circuit problems. 
In resonant circuits at frequencies below 

about 28 Mc. the internal resistance is prac-
tically wholly in the coil; condenser resistance 
may be neglected. Consequently, the Q of the 
circuit as a whole is determined by the Q of the 
coil, or its ratio of reactance to resistance. Coils 
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for frequencies below the very-high-frequency 
region may have Qs ranging from 100 to sev-
eral hundred, depending upon their size and 
construction. 
The sharpness of resonance of a tuned cir-

cuit is directly proportional to the Q of the 
circuit. As an indication 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 changed by an amount equal to 
1/Q times the resonant frequency. The paral-
lel impedance of a parallel circuit similarly de-
creases with change in frequency. For example, 
in a circuit having a Q of 100, changing the ap-
plied frequency by 1/100th of the resonant 
frequency will decrease the parallel impedance 
to less than half its value at resonance. 
Damping, decrement— The rate at which 

current 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, the voltage which appears acros3 
either the coil or condenser is considerably 
higher than the applied voltage. This is be-
cause the current in the circuit is limited only 
by the resistance, and hence may have a rela-
tively 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 phase, 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 to resistance, which is the Q of the 
circuit. Hence, the voltage across either the coil 
or condenser is equal to Q times the voltage in-
serted in series with the circuit. 

Parallel-resonant circuit impedance — 
The parallel-resonant circuit offers pure re-
sistance (its resonant impedance) between its 
terminals because the line current is practically 
in phase with the applied voltage. At frequen-
cies off resonance the current increases through 
the branch having the lower reactance (and 

Resat,:Ace 

Fig. 238 — The impedance of a parallel-resonant resist-
am e circuit is shown here separated into its reactance 
and resistance components. The parallel resistance of the 
circuit is equal to the parallel impedance at resonance. 

vice versa) so that the circuit becomes rear.-
tive, and the resistive component of the im-
pedance decreases as shown in Fig. 238. 

If the circuit Q is 10 or more, the parallel 
impedance at resonance is given by the formula 

Zr = X2/R = XQ 

where X is the reactance of either the coil or 
the condenser and I? is the internal resistance. 
Q of loaded circuits— In many applica-

tions, particularly 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 limits, increasing the number of turns 
raises the reactance faster than it raises the 
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 case 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 such 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 10 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 
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.) The error will be small, therefore, if the 
losses in the tuned circuit alone are neglected. 
Then, since Z = XQ, the Q of a circuit loaded 
with a resistive impedance, Z, is 

where Z is the load resistance connected across 
the circuit and X is the reactance of either the 
coil or condenser. Hence, for a given parallel 
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 there-
fore have a large capacity and relatively small 
inductance to have reasonably high Q. 
From the above it is evident that connecting 

a resistance in parallel with 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 same reduction in impedance also 
could be brought about by increasing the series 
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resistance of the circuit. The equivalent series 
resistance introduced in a resonant circuit by 
an actual resistance connected in parallel is 
that value of resistance which, if added in 

(A) 

(B) 

Fig. 239 —The equivalent circuit of a resonant cir-
cuit delivering power to a load. The resistor represents 
the load resistance. At (B) the load is tapped across 
part of L, which by transformer action is equivalent to 
using a higher load resistance across the whole circuit. 

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-core transformer (§ 2-9). 
However, in the high-frequency resonant cir-
cuit the impedance ratio does not vary exactly 
as the square of the turn ratio, because all the 
magnetic flux lines do not cut every turn of 
the coil. A desired reflected impedance usually 
must be obtained by experimental adjustment. 
LIC ratio — The formula for resonant fre-

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

Piezoelectricity —Properly ground plates 
or bars of quartz and certain other crystalline 
materials show a mechanical strain when sub-

jected to an electric charge and, conversely, 
will show a difference in potential between two 
faces when subjected to mechanical stress. This 
characteristic is called the piezoelectric effect. 
A piezoelectric crystal is a mechanical vibrator 
electrically equivalent to a series-resonant 
circuit of very high Q, and can be used for 
many of the purposes for which ordinary reso-
nant circuits are used 

2-11 Coupled Circuits 

Energy transfer; loading —Two circuits 
are said to be coupled 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 
circuit. 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 
work. In the latter case, the coupled circuits 
may act as a radio-frequency impedance-
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 and secondary. 
Coupling by a common circuit element — 

One method of coupling between two resonant 
circuits is to have some type of circuit element 
common to both circuits. The three variations 
of this type of coupling (often called direct 
coupling) shown at A, B and C of Fig. 240, 
utilize a common inductance, capacity and 
resistance, respectively. Current circulating 
in one LC branch flows through the common 
element (L., C., or R.) and the voltage devel-
oped across this element causes current to flow 
in the other LC branch. The degree of coupling 
between the two circuits becomes greater as the 
reactance (or resistance) of the common ele-
ment is increased in comparison to the remain-
ing reactances in the two branches. 

If both circuits are resonant to the same 
frequency, as is usually the case, the common 
impedance — reactance or resistance — re-
quired for maximum energy transfer is gener-
ally quite small compared to the other react-
ances in the circuits. 
Capacity coupling — The circuit at D 

shows electrostatic coupling between two reso-
nant circuits. The coupling increases as the 
capacity of C. is made greater (reactance of C. 
is decreased). 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 capacity required is 
only a few micromicrofarads at high frequencies. 
Inductive coupling — Fig. 240-E illustrates 

inductive coupling, or coupling by means of 
the magnetic field. A circuit of this type re-
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Fig. 240 — Basic methods of circuit coupling. 

sembles the iron-core transformer (§ 2-9) but, 
because only a small percentage of the flux 
lines set up by one coil cut the turns of the 
other coil, the simple relationships between 
turns ratio, voltage ratio and impedance ratio 
in the iron-core transformer do not hold. To 
determine the operation of such 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 coupling, is shown in Fig. 
241. This gives the effect of inductive coupling 
between two coils which may be so separated 
that they have no mutual inductance; the link 
may be considered simply as a means of pro-
viding the mutual inductance. 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 
coupling is used. In practice, however, this 
ordinarily is not disadvantageous. Link cou-
pling frequently is convenient in the design of 
equipment where inductive coupling would be 
impracticable because of constructional con-
siderations. 
The link coils generally have few turns corn-

pared to the resonant-circuit coils, since the 
coefficient of coupling is relatively independent 
of the number of turns on either coiL 

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

— 
V E l 7:2 

where k is called the coefficient of coupling. It is 
often expressed as a percentage. The coefficient 
of coupling cannot be greater than 1, and gen-
erally is much smaller in resonant circuits. 
Inductively coupled circuits — Three types 

of circuits with inductive coupling are in 
general use. As shown in Fig. 242, one type has 
a tuned-secondary curcuit with an untuned-
primary coil, the second a tuned-primary cir-
cuit and untuned-secondary coil, and the third 
uses tuned circuits in both the primary and 
secondary. The circuit at A is frequently used 
in receivers for coupling between amplifier 
tubes when the tuning of the circuit must be 
varied to respond to signals of different fre-
quencies. Circuit B is used principally in trans-
mitters, for coupling a radio-frequency ampli-
fier to a resistive load. Circuit C is used for 
fixed-frequency amplification in receivers. The 
same circuit also is used in transmitters for 
transferring power to a load which has both 
reactance and resistance. 

If the coupling between the primary and sec-
ondary is "tight" (coefficient 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 untuned coil 
were tapped on the tuned circuit (§ 2-10). Thus 
any resistance in the circuit to which the un-
tuned coil is connected is coupled into the 
tuned circuit in proportion to the mutual in-
ductance. This is equivalent to an increase in 
the series resistance of the tuned circuit, and its 
Q and selectivity are reduced (§ 2-10). The 
higher the coefficient of coupling, the lower the 
Q for a given value of resistance in the coupled 
circuit. These circuits may be used for imped-
ance matching by adjustment of the coupling 
and of the number of turns in the untuned coil. 

If the circuit to which the untuned coil is 
connected has 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. 

Fig. 241 —  Link coupling. The mutual inductances at 
both ends of the link are equivalent to mutual inductance 
between the tuned circuits, and serve the same purpose. 
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Fig. 242 —Types of inductively coupled circuits. In A 
and It, one circuit is tuned, the other untuned. C shows 
the method of coupling between two tuned circuits. 

Coupled resonant circuits— The effect of 
a tuned-secondary 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. 
The resistance under consideration is the series 
resistance of the primary circuit, not the paral-
lel impedance or resistance. The parallel re-
sistance decreases, since the increase in series 
resistance reduces the Q of the primary cir-
cuit. 

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 phase with the voltage acting in 
the primary; in effect, reactance is coupled 
into the primary circuit. If the applied fre-
quency 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 the two circuits are initially tuned to res-
onance at a given frequency and then the ap-
plied frequency is varied, both circuits become 
reactive at all frequencies off resonance. Under 
these conditions, the reactance coupled into the 

primary by the secondary retunes the primary 
circuit to a new resonant frequency. Thus, 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 
below the true resonant frequency. 
These effects are almost negligible with very 

"loose" coupling (coefficient of coupling very 
small), but increase rapidly as the coupling 
increases. Because of them, 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 are shown 
in Fig. 243, lettered in order of increasing co-
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. Such a characteristic is desirable 
in many receiver applications. 

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 case 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 

_ 
FREQUENCY 

Fig. 243 —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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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 coupling when the 
Qs are low; if the Qs are high, as in receiving 
applications, a coupling coefficient of a few 
per cent may give critical coupling. 
With loaded circuits it is not impossible for 

the Q to reach such low values that critical 
coupling cannot be obtained even with the 
highest practicable coefficient of coupling (coils 
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 
coupling, 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 each 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 available; if unknown, the proper Qs can 
be determined by experiment. 
Shielding—Frequently it is necessary to 

prevent coupling between two circuits which, 
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for constructional reasons, must be physically 
near each other. Capacitive coupling may 
readily be prevented by enclosing otie 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 electrostatically invisible to each other. 

Similar metallic shielding is used at radio 
frequencies to prevent magnetic coupling. In 
this case the magnetic field induces a current 
(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 with the conduc-
tivity and thickness of the shielding material. A 
closed shield is required for good magnetic 
shielding; in some cases separate shields, one 
about each coil, may be required. The baffle 
shield is rather ineffective for magnetic shield-
ing, although it will give partial shielding if 
placed at right angles to the axes of, as well as 
between, the two coils to be shielded from 
each other. 

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 distance between the coil and shield 
is increased. The losses also decrease 
with an increase in the conductivity 
of the shield material. Copper and 
aluminum are satisfactory materials. 
The Q and inductance will not be 
greatly reduced if the spacing be-
tween the sides of the coil and the 
shield is at least half the coil diam-
eter, and is not less than the coil 
diameter at the ends of the coil. 
At audio frequencies the shielding 

container is made of magnetic mate-
rial, preferably of high permeability 
(§ 2-5), to short-circuit the external 
flux about the coil to be shielded. A 
nonmagnetic shield is quite ineffec-
tive at these low frequencies because 
the induced current is small. 

Filters —By suitable choice of 
circuit elements a coupling system 
may be designed to pass, without un-
due attenuation, all frequencies below 
and reject all frequencies above a 
certain value, called the cut-off fre-
quency. Such a coupling system is 
called a filter, and in the above case 
is known as a low-pass filter. 
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If frequencies above the cut-off frequency are 

passed and those below attenuated, the filter is 
a high-pass filter. Simple filter circuits of both 
types are shown in Fig. 244. The fundamental 
circuit, from which more complex filters are 
constructed, is the L-section. Fig. 244 also shows 
r-section filters, constructed from the basic L-
section, which are frequently encountered both 
in low-frequency and r.f. circuits. The propor-
tions of L and C for proper operation of the fil-
ters depend upon the load resistance connected 
across the output terminals, L being larger and 
C smaller as the load resistance is increased. 
A band-pass filter is one designed to pass 

without attenuation all frequencies between 
two selected cut-off frequencies, and to atten-
uate all frequencies outside these limits. The 
group of frequencies passed through the filter 
is called the pass-band. Two resonant circuits 
with greater than critical coupling represent a 
common form of band-pass filter. 
The resistance-capacity filter, shown in Fig. 

244, is used where both d.c. and a.c. are flowing 
through the circuit and it is desired to provide 
greater attenuation for the alternating current 
than the direct current. It is usually employed 
where the direct current has a low value so 
that the d.c. voltage drop is not excessive, or 
when a d.c. voltage drop actually is required. 
The time constant (§ 2-6) must be large corn-
pared to the time of one cycle of the lowest 
frequency to be attenuated. In determining the 
time constant, the resistance of the load must 
be included as well as that in the filter itself. 
Bridge circuits — A bridge circuit is a device 

primarily used in making measurements of re-
sistance, reactance or impedance (§ 2-8), al-
though it has other applications in radio cir-
cuits. The fundamental form is shown in Fig. 
245-A. It consists of four resistances (called 
arms) connected in series-parallel to a source 
of voltage, E, with a sensitive galvanometer, 
M, connected between the junctions of the 
series-connected pairs. When the equation 

R1 R3 = — 
R2 R4 

is satisfied there is no potential difference be-
tween points A and B, since the drop across R2 
equals that across R4 and the drop across R1 
equals that across R3. Under these conditions 
the bridge is said to be balanced, and no current 
flows through M. If R3 is an unknown resist-
ance and R4 is a variable known resirtance, 
R3 can be found from the following equation 
after R4 has been adjusted to balance the 
bridge (null indication on M): 

El  R3 = D 

R2 

R1 and R2 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 variable resistor, R4, can 
serve as a standard for measuring widely dif-
ferent values of unknown resistance. 

(A) 

(C) 

(E) 
C3 

E 
A.C. 

Fig. 245 — Bridge circuits utilizing resistance, induct-
ance and capacity arms, both alone and in combination. 

Bridges similarly can be formed with con-
densers, inductances and combinations of 
resistance with either. Typical simple arrange-
ments are shown in Fig. 245. For measure-
ments with alternating currents the bridge 
must not introduce phase shifts which would 
destroy the balance, hence similar impedances 
should be used in each branch, as shown in 
Fig. 245, and the Qs of the coils and con-
densers should be the same. When bridges are 
used at audio frequencies, a telephone headset 
is a good null indicator. The bridges at E and 
F are commonly used in r.f. neutralizing circuits 
(§ 4-7); the voltage from the source, E, is 
balanced out at X. 

(B 

(0) 

(F) 

2-12 Linear Circuits 

Standing waves — If an electrical 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 this point and 
will travel back again. When a high-frequency 
alternating voltage is applied to the wire a cur-
rent will flow toward the open end, and reflec-
tion will occur continuously. If the wire is long 
enough so that time comparable to a half cycle 
or more is required for current to travel to the 
open end, the phase relations between the re-
flected current and outgoing current will vary 
along the wire, and at one point the two cur-
rents will be 180 degrees out of phase and at 
another in phase, with intermediate values 
between. Assuming negligible losses, this means 
that the resultant current will vary in ampli-
tude from zero to a maximum value along 
the wire. Such a variation is called a standing 
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wave. The voltage along the wire also goes 
through standing waves, but reaches its maxi-
mum values where the current is minimum 
and vice versa. 
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Fig. 246—Standing-wave current distribution on a 
wire operating as an oscillatory circuit, at the fundamen-
tal, second harmonic and third harmonic frequencies. 

Frequency and wavelength — It is possible 
to describe the constants of such line circuits in 
terms of inductance and capacitance, or in-
ductance and capacitance per unit length, but 
it is more convenient to give them simply in 
terms of fundamental resonant frequency or of 
length. Since the velocity at which the current 
travels is 300,000 kilometers (186,000 miles) 
per second, the wavelength, or distance through 
which the current will travel in the time of one 
cycle, is 

— 300' 000 
X  

where A is the wavelength in meters and f,. is 
the frequency in kilocycles. The lowest fre-
quency at which the wire or line will be reso-
nant is known as its fundamental frequency 
or wavelength. It is common to describe lines 
(or antennas, which have similar current and 
voltage distribution) as half-wave, quarter-wave, 
etc., for a certain frequency ("half-wave 
7000-kc. antenna," for instance). 
Wavelength is also used interchangeably 

with frequency in describing not only antennas 
but also tuned circuits, complete transmitters, 
receivers, etc. Thus, the terms " high-frequency 
receiver" and "short-wave receiver," or "75-
meter fundamental antenna" and "4000-
kilocycle fundamental antenna," are synony-
mous. 
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-
quency, and hence are referred to as harmon-
ics (§ 2-7). In radio practice the fundamental 
itself is called the first harmonic, the frequency 
twice the fundamental is called the second har-
monic, and so on. 

Fig. 246 illustrates the distribution of cur-
rent on a wire for fundamental, second and 

third harmonic excitation. There is one point 
of maximum current with fundamental opera-
tion, two when operation is at the second har-
monic, and three at the third harmonic; the 
number of current maxima corresponds to the 
order of the harmonic and the number of stand-
ing waves on the wire. As noted in the figure, 
the points of maximum current are called 
anti-nodes (also known as "loops") and the 
points of zero current are called nodes. 
Radiation resistance — Since a line circuit 

has distributed inductance and capacity, cur-
rent flow causes storage of energy in mag-
netic and electrostatic fields (§ 2-3, 2-5). At 
low frequencies practically all the energy so 
stored is returned to the wire during another 
part of the cycle (§ 2-8), but above 15,000 
cycles or so (radio frequency) some escapes — 
is radiated — in the form of electromagnetic 
waves. Since energy radiated by a line or an-
tenna is energy dissipated, insofar as the line 
is concerned, the energy loss can be considered 
to take place in an equivalent resistance. This 
equivalent resistance is known as radiation 
resistance. 
Resonant-line circuits — The effective re-

sistance of a resonant straight wire, such as an 
antenna, is considerable, because of the power 
radiated. The resonance curve of such a 
straight-line circuit is quite broad; in other 
words, its Q is relatively low. However, by 
folding the line, as suggested by Fig. 247, the 
fields about the adjacent sections largely can-
cel each other and very little radiation takes 
place. The radiation resistance is greatly re-
duced, and the line-type circuit can be made to 
have a very sharp resonance curve, or high Q. 
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Fig. 247 —Standing »ave and instantaneous current 
(arrows) conditions of a folded resonant-line circuit. 

A circuit of this type will have a standing 
wave on it, as shown by the dashed-line of Fig. 
247, with the instantaneous current flow in 
each wire opposite in direction to the flow in 
the other, as indicated by the arrows on the 
diagram. This opposite current flow accounts 
for the cancellation of radiation, since the 
fields about the two wires oppose each other. 
Furthermore, the impedance across the open 
ends of the line will be very high (thousands of 
ohms) while the impedance across the line near 
the closed end will be very low. This is because 
the current is low and the voltage is high at 
the open end of the line, but the current is high 
and the voltage low at the closed end. 
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A folded line may be made in the form of two 

concentric conductors, as shown in Fig. 248. 
The concentric line has even lower radiation 
resistance than the folded-wire line, since the 
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Fig. 248 — A concentric-line resonant circuit. 

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 
conductor, since skin effect prevents the cur-
rents from penetrating to the other sides. 
Thus such a line will have no radio-frequency 
potentials on its exposed surfaces. Because of 
the low radiation resistance and the relatively 
large conducting surfaces, such lines can be 
made to have much higher Qs than are attain-
able with coils and condensers. They are most 
applicable at very high frequencies (very short 
wavelengths) (§ 2-7), where the dimensions are 
small. 

41. 2-13 Circuits with Superimposed 

Currents 

Combined a.c. and d.c. — There are many 
practical instances of simultaneous flow of 
alternating and direct currents in a circuit. 
When this occurs there is a pulsating current, 
and it is said that an alternating current is 
superimposed on a direct current. As shown in 
Fig. 249, the maximum value is equal to the 
d.c. value plus the a.c. maximum, while the 
minimum value (on the negative a.c. peak) is 
the difference between the d.c. and the maxi-
mum a.c. values. The average value (§ 2-7) of 
the current is simply equal to the direct-cur-
rent component alone. The effective value 
(§ 2-7) of the combination is equal to the 
square root of the sum of the effective a.c. 
squared and the d.c. squared: 

where I,, is the effective value of the a.c. 
component, I is the effective value of the com-
bination, and ./e, is the average (d.c.) value of 
the combination. 
Beats — If two or more alternating currents 

of different frequencies are present in a normal 
circuit they have no particular effect upon 
one another, and for this reason can be sepa-
rated again at any time by the proper selective 
circuits. However, if two (or more) alternating 
currents of different frequencies are present 
in an element having unilateral or one-way 
current flow properties, not only will the two 
original frequencies be present in the output 
but also currents having frequencies equal to 
the sum, and difference, of the original fre-
quencies. These sum and difference frequencies 
are called the beat frequencies. For example, if 
frequencies of 2000 and 3000 kc. are present in 

a normal circuit only those two frequencies 
exist, but if they are passed through a uni-
lateral-element (such as a properly adjusted 
vacuum tube) there will be present in the out-
put not only the two original frequencies of 
2000 and 3000 kc. but also currents of 1000 
(3000 — 2000) and 5000 (3000 -I- 2000) kc. 
Suitable circuits can be used to select the 
desired beat frequency. 
By-passing — In combined circuits, it is fre-

quently necessary to provide 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-
passed. The lower the reactance, the more effec-
tively will the a.c. be confined to the desired 
path. 

Similarly, alternating current can be pre-
vented from flowing through a direct-current 
circuit to which it may be connected by in-
serting an inductance of high reactance (called 
a choke coil) between the two circuits. This will 
permit the d.c. to flow without hindrance, since 
the resistance of the choke coil may be made 
quite low, but will effectively prevent the a.c. 
from flowing where it is 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 of high reactance 
for radio frequencies will have negligible re-
actance at low frequencies, while a condenser 
of low reactance at radio frequencies will have 
high reactance at low frequencies. 
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Fig. 249 — Pulsating current, composed of an al-
ternating current superimposed on a direct current. 

Grounds.•••• The term "ground" is fre-
quently met with in discussions of circuits. 
Normally it means the voltage reference point 
in the circuit. There may or may not be an ac-
tual connection to earth, but it is understood 
that a point in the circuit said to be at ground 
potential could be connected to earth without 
disturbing the operation of the circuit in any 
way. In direct-current circuits, the negative 
side generally is grounded. The ground symbol 
in circuit diagrams is used for convenience in 
indicating common connections between vari-
ous parts of the circuit, as through a metal 
chassis, and, with respect to actual ground, 
usually has the meaning indicated above. 



CHAPTER THREE 

Vacuum 

II 3-1 Diodes 

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

Because of the nature of thermionic con-
duction, the tube is a conductor in one direc-
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 half cycle when the 
plate is negative with respect to the cathode. 
Thus the tube can 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 chief applications in 
detecting radio signals and in power supplies. 
These are treated in Chapters Seven and 
Eight, respectively. 
Characteristic curves — 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 and 
cathode with different d.c. voltages applied 
between the elements. The curve of Fig. 301 
shows that, with fixed cathode temperature, 
the plate current increases 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 multiplied by the plate 
current, just as in any d.c. circuit. In a vacuum 
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Fig. 301-- The diode or two-element tube and a typical 
characteristic curve showing plate current vs. voltage. 

ubes 
tube this power is dissipated in heat developed 
in the plate and radiated to the bulb. 
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 cathode, being themselves 
negatively charged, tend to repel the similarly 
charged electrons leaving the cathode surface 
and cause them to fall back on the cathode. 
This is called the space-charge effect. As the 
plate voltage is raised more and more electrons 
are attracted to the plate, until finally the space 
charge effect is completely overcome. When 
this occurs all the electrons emitted by the 
cathode are attracted to the plate, and a fur-
ther increase in plate voltage can cause no 
further increase in plate current. This condi-
tion is called saturation. 

41 3-2 Triodes 

Grid control — If a third element, called the 
antrol grid, or simply the grid, is inserted be-
tween the cathode and plate of the diode, the 
space-charge effect can be controlled. The tube 
then becomes a triode (three-element tube) and 
is useful for more 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 cathode so that it is at the same 
potential as the cathode, and a steady voltage 
from a d.c. supply is then applied between the 
cathode and plate (the positive of the "B" sup-
ply is always connected to the plate), there 
will be a constant flow of electrons 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 space charge will be partially 
neutralized and there will be an increase in 
plate current. If the grid is made negative with 
respect to the cathode, the space charge will 
be reinforced and the current will decrease. 

This effect of grid voltage can be shown by 
curves in which plate current 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 s( ries of curves taken with various values 
of plate voltage. Such a set of grid voltage vs. 
plate current curves, typical of a small receiv-
ing triode, is shown in Fig. 303. 
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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 schematic 
diagrams, while the 
schematic tube symbol 
is shown at the right. 11111 1111 

11111 1111 

So long as the grid has a negative potential 
with respect to the cathode, electrons emitted 
' 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 
relationship 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 
various fixed values of plate current. 
Amplification— The grid evidently acts as 

a valve to control the flow of plate current, and 
it is found 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 amplifica-
tion with the triode tube; that is, the 
generation of a large voltage by a 
small one, or the generation of a rela-
tively large amount of power from a 
small amount. The many uses of the 
electronic tube nearly all are based 
upon this amplifying feature. The 
amplified power or voltage output 
from the tube is obtained, not from 
the tube itself, but from the source 
of e.m.f. connected between its plate 
and cathode. The tube simply con-
trols the power from this source, 
changing it to the desired form. 
To utilize the controlled power, a 

device for consuming it, or for trans-
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ferring it to another circuit, must be connected 
in the plate circuit, since no particularly useful 
purpose would be served in having the current 
merely flow through the tube and the source 
of e.m.f. Such a device is called the load, and 
may be either a resistance or an impedance. The 
term "impedance" 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 µ. 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. Hence 
the slope (§ 1-10) varies at different points 
along the curves, and different values will be 
obtained for the amplification factor as larger 
or smaller voltage differences are taken for the 
purpose of calculating it. The expression for 
amplification factor can be written: 

à E„ 

= à E9 
where A E„ indicates a very small change in 
plate voltage and à 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. 
Plate resistance—Since only a limited 

amount of plate current flows when a given 
voltage is applied between plate and cathode, 
it is evident that the plate-cathode circuit of 
the tube has resistance. However, there is no 
simple relationship between plate voltage and 
plate current, so that in general the plate cir-
cuit of the tube does not follow Ohm's Law. 
Under a given set of conditions the application 
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Fig. 303 — Grid voltage vs. plate current curves at various fixed val-
ues of plate voltage (Es) for a typical small triode. Characteristic 
curves of this type can be taken by means of the circuit at the right. 
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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. resistance" 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 the plate current 
also depends upon the grid voltage when the 
plate voltage is fixed. 

In applications of the vacuum tube, it is more 
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 change and 
plate-voltage change determines the a.c. plate 
resistance of the tube. This resistance usually is 
designated r,,. It can be found from the plate 
voltage vs. plate current characteristic curves 
by finding the slope of the curve at the point 
considered. Hence 

Tp = 
L Ip 

à E„ 

where à E„ is a small change in plate voltage 
and à I, the corresponding small change in 
plate current, the grid voltage being fixed. 

Plate resistance is expressed in ohms, since 
it is the ratio of voltage to current. The value 
of plate resistance will, in general, change with 
the particular voltages applied to the plate and 
grid. It depends as well upon the structure of 
the tube; low-µ tubes have relatively low plate 
resistance and high-a tubes have high plate 
resistance. 
Transconductance — The effect of grid 

voltage upon plate current is expressed by the 
grid-plate transconductance of the tube. Trans-
conductance is a general term giving the rela-
tionship between the voltage applied to one 
electrode and the current which flows, as a 
result, in a second electrode. As in the previous 
two cases, it is defined as the change in current 
through the second electrode caused by a 
change in voltage on the first. Thus the grid-
plate transconductance, commonly called the 
mutual conductance, is 
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Fig. 304 —Plate voltage vs. plate current curves at various fixed values 
of negative grid voltage for the same triode as in curves in Fig. 303. 

where g,„ is the mutual conductance, àI, the 
change in plate current, and à E, the change in 
grid voltage, the plate voltage being fixed. As 
before, the sign à indicates that the changes 
must be small. Transconductance is measured 
in mhos, since it is the ratio of current to volt-
age. The unit usually employed in connection 
with vacuum tubes is the micromho (one mil-
lionth of a mho), because the conductances are 
small. By combining with the two preceding 
formulas, it can be shown that g. 
The mutual conductance of a tube is a rough 

indication of its merit as an amplifier, since it 
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 cathode. This 
characteristic frequently can be used to ad-
vantage in the control of amplification since 
the amount of amplification can be varied over 
wide limits simply by adjusting the value of a 
steady voltage applied to the grid. 

Static and dynamic curves— Curves of the 
type shown in Figs. 301 and 303 are called 
static curves. They show the current 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 current characteristic. A 
typical set of curves of this type is shown in 
Fig. 304. 
A curve showing the relationship between 

grid voltage and plate current when a load 
resistance is connected in the plate circuit is 
called a dynamic characteristic curve. Such 
a curve includes the effect of the load resist-
ance, and hence is more indicative of the per-
formance of the tube as an amplifier. With 
a fixed value of plate-supply voltage the actual 
value of voltage between the plate and cathode 
of the tube will depend upon the amount of 
plate current flowing, since the plate current 
also flows through the load resistance and 
therefore results in a voltage drop which must 
be subtracted from the plate-supply voltage. 
The dynamic curve includes the effect of this 
voltage drop. Consequently, the plate cur-
rent always is lower, for a given value of grid 
voltage and plate-supply voltage, with the 

load resistance in the circuit 
than it is without it. 

Representative dynamic char-
acteristics are shown in Fig. 
305. These were taken with the 
same type of tube whose static 
curves are shown in Fig. 303. 
Different curves would be ob-
tained with different values of 
plate-supply voltage, Eb; this 
set is for a plate-supply voltage 
of 300 volts. Note that increas-
ing the value of the load resist-
ance reduces the plate current 
at a given bias voltage, and also 
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that the curves are straighter 
with the higher values of load 
resistance. Zero plate current 
always occurs at the same value 
of negative 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. 

Fig. 306 shows how the plate current re-
sponds to an alternating voltage (signal) ap-
plied to the grid. If the plate current is to have 
the same waveshape as that of the signal, it is 
necessary to confine the operation to the 
straight section of the curve. To do this, it is 
necessary to select an operating point near the 
middle of the straight portion; this operating 
point is determined by the fixed voltage (bias) 
applied to the grid. The alternating signal 
voltage then adds to or subtracts from the grid 
bias, depending upon whether the instantane-
ous signal voltage is negative or positive with 
respect to the cathode, and causes a corre-
sponding variation in plate current. The maxi-
mum departure of instantaneous grid voltage 
or plate current from the operating point is 
called the swing. The varying plate current 
flows through the load resistance, causing a 
varying voltage drop which constitutes the 
useful output voltage of the tube. 
The point at which the plate current is re-

duced to zero is called the cut-off point. The 
value of negative grid voltage at which cut-off 
occurs depends upon the amplification factor 
of the tube and the plate voltage. It is approxi-
mately equal to the plate-supply voltage di-
vided by the amplification factor. 

Interelectrode capacities — Any pair of 
elements in a tube forms a miniature condenser 
(§ 2-3), and, although the capacities of these 
condensers may be only a few micromicro-
farads or less, they must frequently be taken 
into account in vacuum-tube circuits. The ca-
pacity from grid to plate (grid-plate capacity) 
has an important effect in many applications. 
In triodes, the other capacities are the grid-
cathode and plate-cathode. In multi-element 
tubes (§ 3-5), similar capacities exist between 
these and other electrodes. With screen-grid 
tubes, the terms "input" and "output" ca-
pacity mean, respectively, the capacity meas-
ured from grid to all other elements connected 
together and from plate to all other elements 
connected together. The same terms are used 
with triodes but are not so easily defined, since 
the effective capacities existing depend upon 
the operating conditions (§ 3-3). 
Tube ratings — Specifications of suitable 

operating voltages and currents are called tube 
ratings. Ratings include proper values for fila-
ment or heater voltage and current, plate volt-
age and current, and similar operating specifi-
cations for other elements. An important rating 
in power tubes is the maximum safe plate dissi-
pation, or the maximum power that can be dis-
sipated continuously in heat on the plate( § 3-1). 
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Fig. 305 — namic characteristics of a small triode 
n ith various load resistances from 5,000 to 100,000 ohms. 

tit 3-3 Amplification 

Principles — The operation of a simple am-
plifier, which was described briefly in the pre-
ceding section, is shown in more detail in Fig. 
307. The load in the plate circuit is the resistor, 
14. For the sake of example, it is assumed that 
the plate-supply voltage is 300 volts, the nega-
tive grid bias is 5 volts, and the plate current 
at this bias when R, 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. 

If 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 
ma. At intermediate values of grid voltage, in-
termediate plate-current values will occur. The 
instantaneous voltage between the plate and 
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Fig. 306 — Behavior of the plate current of a vacuum 
tube in response to an alternating signal voltage 
superimposed on a steady negative grid voltage or bias. 
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Fig. 307 — Amplifier operation. When the plate current 
varies in response to the signal applied to the grid, a 
varying voltage drop appears across the load, lip, as 
shown by the dashed curs e, E,. I, is the plate current. 

cathode of the tube also is shown on the graph. 
When the plate current is maximum the in-
stantaneous voltage drop in R, is 50,000 X 
0.00265 or 132.5 volts, and when the plate 
current is minimum the instantaneous voltage 
drop in R„ is 50,000 X 0.00135 or 67.5 volts. 
The actual voltage between plate and cathode 
is therefore the difference between the plate-
supply voltage, 300 volts, and these voltage 
drops in the load resistance. or 167.5 and 232.5 
volts, respectively. 
The varying plate voltage is an a.c. voltage 

superimposed (§ 2-13) on the steady plate-
cathode voltage of 200 volts, which was pre-
viously determined for no-signal conditions. 
The peak value of this a.c. output voltage is 
the difference between either the maximum or 
minimum plate-cathode voltage and the no-
signal value of 200 volts. In the illustration 
this difference is 232.5 — 200 or 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-
age will be obtained from the plate circuit as 
is applied to the grid circuit. 

Amplifiers in which the voltage output, rather 
than the power output, is the primary con-
sideration are called voltage amplifiers. 

It will be observed that only the alternating 
plate and grid voltages enter into the calcula-
tion of the amplification ratio. The d.c. plate 
and grid voltages are of course essential to the 
operation of the tube, since they set the oper-
ating point, but otherwise their presence may 
be ignored. This being the case, it is possible to 
show that the tube can be replaced by an 
equivalent generator which has an internal re-
sistance equal to the a.c. plate resistance of the 
tube (§ 3-2) at the operating point chosen and 
which generates a voltage equal to the ampli-
fication factor of the tube multiplied by the 
signal voltage applied to the grid. The equiva-
lent generator, together with the load resist-
ance, R,, is shown in Fig. 308. This simplifica-
tion enables ready calculation of the amplifica-

IP 

4. 

300V. since R, and r, together con-
stitute a voltage divider (§ 2-6). 

The voltage-amplification ratio is given by the 
output voltage divided by the input voltage, 
hence dividing the above expression by E, 
gives the following formula for the amplifica-
tion of the tube: 

tion. If the generated voltage is 
µE,,, then the same current 
flows through r, and R„, and 
hence the voltage drop across 
lip, which is the useful output 
voltage, is 

R, 
E. = 

r,, R, 

uR,  
Amplification — 

r, R„ 

This expression shows that, to obtain a large 
voltage-amplification ratio, it is necessary to 
make the plate load resistance, R,, large com-
pared to the plate resistance, r,, of the tube. 
The maximum possible amplification, obtained 
when R, is infinitely larger than r„, is equal to 
the la of the tube. A tube with a large value of gs 
will, in general, give more voltage amplification 
than one with a medium or low value. How-
ever, the advantage of the high a is less than 
might be expected, because a high-s tube 
usually also has a correspondingly high value 
of r,, so that a 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. 
Power in grid circuit — In the operation 

depicted in Fig. 306, the grid is always negative 
with respect to the cathode. If the peak signal 
voltage is larger than the bias voltage, the grid 
will be positive with respect to the cathode 
during part of the signal cycle. Grid current will 
flow during this time, and the signal source 
will be called upon to furnish power during the 
period while grid current is flowing. In many 
eases the signal source is not capable of furnish-
ing appreciable power, so that care must be 
taken to avoid " driving the grid positive." 

r-
Fig. 308 — Equivalent 
circuit of the vacuum. 
tube amplifier. The 
tube is replaced by an 
equivalent generator 
having an internal re-
sistance equal to the 
a.c. plate resistance 
of the vacuum tube. 

When dealing with small signals the source 
of signal voltage frequently has high internal 
resistance, so that a considerable voltage drop 
occurs in the source itself whenever it is called 
upon to furnish grid current. Since this voltage 
drop occurs only during part of the cycle, the 
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Fig. 309—Distor-
tion of applied signal 
because of grid-current 
flow. With the operat-
ing point at 3 volts 
negative bias, grid cur-
rent will flow as shown 
by the curve whenever 
the applied signal volt-
age is more than 3 volts 
positive. If there is 
appreciable internal re-
sistance, as indicated 
in the second drawing, 
there will be a voltage 
drop in the resistance 
whenever current is 
flowing but not during 
the period when no cur-
rent flows. The signal 
w ill reach the grid un-
changed so long as th,. 
instantaneous voltage. 
is less than 3 volts posi-
tive, but the voltage at 
the grid will be less 
than the instantaneous 
voltage when the latter 
is above this figure. The 
shape of the negative 
half-cycle is unaltered. 

Operatin,i 
Point 

.•10 -8 -6 -4 -2 0 +2 +4 
GRID VOLTAGE 

+5 

o 
-s 

GENERATED SIGNAL 

+5 

01  

-5 
ACTUAL SIGNAL AT 611/0 

Timed 
1.— .1 End current 

flow 

voltage applied to the grid undergoes a change 
in waveshape because of the current flow. This 
is shown in Fig. 309, where a sine-wave signal 
is generated but, because of the internal resist-
ance of the source, is distorted at the grid of the 
tube during the time when grid current flows. 

If the internal resistance of the signal source 
is low, so that the internal voltage drop is 
negligible when current flows, this distortion 
does not occur. With such a source, it is pos-
sible to operate over a greater portion of the 
amplifier characteristic. 
Harmonic distortion—If the operation of 

the tube is not confined to a straight or linear 
portion of the dynamic characteristic, the 
waveshape of the output voltage will not be 
exactly the same as that of the signal voltage. 
This is shown in Fig. 310, where the operating 
point is selected so that the signal voltage 
swings into the curved part of the character-
istic. While the upper half-cycle of plate cur-
rent reproduces the sine-wave shape of the 
positive half-cycle of signal voltage, the lower 
half-cycle of plate current is considerably dis-
torted and bears little 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-
wave components or harmonics which are 
integral multiples of the lowest frequency 
present. Consequently, this type of distortion 
is known as harmonic distortion. Distortion re-
sulting 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 amplifier 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 number 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 a.c. voltage developed across R9, and to 
prevent the d.c. plate voltage on tube A from 
being applied to the grid of tube B. The grid 
resistor, 14, transfers the bias voltage to the grid 
of tube B and prevents short-circuiting the a.c. 
voltage through the bias 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-
mum a.c. voltage at the grid of tube B the 
reactance of the coupling condenser must be 
small compared to the resistance of 14, so 
that most of the voltage will appear across R, 
rather than across C. Also, the resistance of R, 
must be large compared to R9 because, so far 
as the a.c. voltage developed in R9 is con-
cerned, R, is in parallel with R9 and therefore 
is just as much a part of R9 as though it were 
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Fig. 310—Harmonic distortion resulting from choice 
of an operating point on the curved part of the tube 
characteristic. The lower half-cycle of plate current does 
not have the same shape as the grid voltage causing it. 
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Equivalent 
Circuit 

Fig. 311 — Typical resistance-coupled amplifier circuits. 

connected directly in parallel with it. (The 
impedance of the plate-supply battery is as-
sumed to 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 about 2 megohms, 
depending upon the characteristics of the tube 
with which it is associated. If the value is made 
too high, stray electrons collecting on the grid 
may not " leak off" back to the cathode rapidly 
enough to prevent the accumulation of a nega-
tive charge on the grid. This is equivalent to 
an increase in the negative grid bias, and hence 
to a shift in the operating point. 
The equivalent circuit of the amplifier now 

includes C„ R,, and a shunt capacity, C., which 
represents the input capacity of tube B and 
the plate-cathode capacity of tube A, to-
gether 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 parallel. 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 µµfd. or more, while it is 
possible for it to reach values as high as a few 
hundred apfd. 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 
will decrease to a comparatively low value at 
the upper limit of the audio-frequency range; 
a shunting capacity of 20 ppfd., for example, 

represents a reactance of about 0.5 megohm 
at 15,000 cycles, and hence is of the same order 
as R„ for the type of tubes with which such a 
low value of capacity would be associated. In 
order to secure the same amplification at high 
as at low frequencies, therefore, it is necessary 
to sacrifice low-frequency amplification by re-
ducing the value of R, to the point where the 
reactance of C. at the highest frequency of 
interest is considerably larger than R„. 
At radio frequencies the reactance of C. be-

comes so low that the amount of amplification 
it is possible to realize is negligible compared 
to that which can be obtained in the audio-
frequency range. The resistance-coupled am-
plifier, therefore, is used principally for audio-
frequency work. 
Impedance-coupled amplifiers— If either 

the plate resistor or grid resistor (or both) in 
the amplifier described in the preceding para-
graph is replaced by an inductance, the ampli-
fier is said to be impedance-coupled. The induct-
ance or impedance is commonly substituted for 
the plate load resistor, so that the usual circuit 
for such an amplifier is as given in Fig. 312. 

Considering the operation of the tube from 
the standpoint 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 indicated load resistance, R„, 
so long as the output of the generator is alter-
nating current. From the physical standpoint, 
any change in the current flowing through the 
inductance 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 account of the fact that the 
phase relationship between current and voltage 
is not the same in an impedance as it is in a 
resistance. In practice, the plate load induct-
ance is shunted by the tube and stray capaci-
ties of the circuit as well as by its own distributed 
capacity. Since the greatest amplification will 

Fig. 312 — Impedance-coupled amplifier, in which an 
inductance, is used as the plate load impedance. 
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be secured when the load impedance is as high 
as possible, the coil usually is made to have 
sufficient inductance 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 audio-frequency 
range. Under these conditions the load im-
pedance has its highest possible value, and is 
approximately resistive rather than reactive. 
The equation for amplification with resist-

ance coupling shows that, when R, is several 
times the plate resistance, ri„ a further increase 
in Rp results in comparatively little increase in 
amplification. The load circuit of an imped-
ance-coupled amplifier usually has an im-
pedance value quite high in comparison to the 
plate resistance of the tube with which it is 
used, so that the load impedance can vary over 
a considerable range without much effect on 
the amplification. This gives the impedance-
coupled amplifier an amplification vs. frequency 
characteristic which 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 impedance-coupled 
amplifier is not as good in this respect as that 
of a well-designed resistance-coupled 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 
triode and normal inductance values (a few 
hundred henrys) are used in the plate circuit, 
the amplification in the optimum frequency 
range will be practically equal to the p of the 
tube. At very low frequencies the impedance 
decreases because of the decreasing reactance 
of the coil, while at very high frequencies the 
impedance again decreases because of the de-
creasing reactance of the shunt capacities. 
Consequently, the amplification drops off at 
both ends of the range, usually at a more rapid 
rate than in the case of resistance coupling. 
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. 312 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 case 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 capacity shunting the primary of an 
audio-frequency transformer usually causes 
the primary circuit to be parallel-resonant at 
some frequency in the middle of the audio-
frequency range. At the medium audio fre-

Signal 

Fig. 313 — Tutu dormer-coupled amplifier circuit. 

quencies, therefore, the voltage across the 
primary is practically equal to the applied grid 
voltage multiplied by the µ of the tube. The 
voltage across the secondary will be the pri-
mary voltage multiplied by the secondary-to-
primary turns ratio of the transformer, so that 
the total voltage amplification is µ times the 
turns ratio. The amplification at low frequen-
cies depends upon the ratio of the primary 
reactance to the plate resistance of the tube, 
as in the case of impedance-coupled amplifiers. 
At some high frequency, usually in the range 

5000-10,000 cycles with ordinary transformers, 
the leakage inductance (§ 2-9) of the secondary 
becomes series resonant with the effective ca-
pacity shunting the secondary. At and near 
this resonant frequency the resonant rise in 
voltage may increase the amplification con-
siderably, giving rise to a "peak" in the 
frequency-response curve of the amplifier. At 
frequencies above 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 
resistance of the tube, this resistance being in 
parallel with the primary of the transformer. 
Consequently, the height of the peak is affected 
by the tube with which the transformer is used. 
The peak can be reduced by connecting a re-
sistance of the order of 0.25 to 1 megohm across 
the secondary of the transformer. While this 
helps make the frequency response curve more 
flat, it also reduces the amplification at me-
dium and low frequencies. 
Transformer coupling is most suitable for 

triodes of low or medium et and having medium 
values of plate resistance. This is because the 
primary inductance required for good am-
plification 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-primary turns ratio ("step-
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up ratio"), and low distributed capacity in the 
windings all at the same time. Increasing the 
primary inductance 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 inductance is decreased to compen-
sate for the increase in capacity. The step-up 
ratio seldom is more than 3 to 1 in transformers 
designed for good frequency response. 
Transformer coupling can be used at radio 

frequencies if the transformers are properly de-
signed for the purpose. in such transformers 
either the primary or secondary (or both) is 
made resonant at the frequency to be used, so 
that maximum amplification will be secured. 
Phase relations 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 plate and cathode is therefore minimum 
at the same instant, because it is equal to the 
d.c. supply Voltage (which is unvarying) minus 
the voltage drop 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 load resist-
ance is less than at any other part of the cycle. 
At this instant, therefore, the voltage between 
plate and 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 decreasing when the instantaneous 
grid voltage is increasing (becoming more 
positive with respect to the cathode), the out-
put voltage is less than the mean value, or 
negative, when the signal voltage is positive. 
Likewise, when the signal voltage is negative 
the output voltage is positive, or greater than 
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 Ep in Fig. 307. 
The same phase relationship between signal 

and output voltages holds when the amplifier 

Ep 

Fig. 314 — The a.c. voltage appear"ng between the 
grid and plate of the amplifier is the sum of the signal 
voltage and the output voltage, as shown by this sim-
plified circuit. Instantaneous polarities are indicated. 

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. (This is true also of 
the resistance-coupled amplifier at low fre-
quencies where the reactance of the coupling 
condenser affects the amplification, or at high 
frequencies where the reactance of the shunt-
ing capacities becomes important.) Since the 
reactance varies with the applied signal fre-
quency, the phase relationship between signal 
voltage and output voltage depends upon the 
frequency in such cases. 
Input capacity and 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. When the tube is amplifying, 
the alternating plate voltage and signal voltage 
are effectively applied in series across the grid-
plate condenser, as indicated in Fig. 314. As 
described in the preceding paragraph, in the 
resistance-coupled amplifier the two voltages 
are out of phase with respect to the cathode, 
but inspection of the circuit shows that they 
are in phase 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, Ep. 
Since E„ is equal to AE,, where A is the voltage 
amplification of the tube and circuit, the a.c. 
voltage between the grid and plate is E, 
(1 ± A). The current, I, flowing in the grid-
plate capacity is therefore E, (1 + A) divided 
by the reactance of the grid-plate condenser, 
and consequently 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 
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. The 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 
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180 degrees out of phase with respect to the 
cathode they are not exactly in phase 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 that when the load circuit has inductive 
reactance the resistance component is negative. 
Negative resistance indicates that power is 
being supplied to the grid circuit from the plate. 
Feed-back— 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-back. If the voltage fed 
from the plate circuit to the grid circuit is in 
such phase 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. The 
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 
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 
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Fig. 315—An eleutentary 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. 

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 produce 50 volts output is 
50/20 or 2.5 volts. But suppose that 10 per 
cent of the output 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 -I- 5 or 7.5 volts. Now suppose that at 
some other frequency the voltage gain drops 
to 10. Then for the same 50-volt output a 5-
volt signal is required, but since the feed-back 
voltage is still 5 volts the total required signal 
is now 10 volts. With feed-back the gain in the 
first case was 50/7.5 volts or 6.66 and in the 
second case 50/10 or 5, the gain in the second 
case being 75 per cent as high as in the first. 
Without feed-back the gain in the second case 
was 50 per cent 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 the origi-
nal signal voltage applied to the grid. The 
voltage fed back to the grid circuit contains the 
distortion but in opposite phase to the distor-
tion components in the plate circuit, 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 directly 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, 
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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-

Outpué 
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Fig. 316 — Au eltmentar) power-amplifier circuit in 
which the power-consuming load is coupled to the plate 
circuit through an impedance-matching transformer. 

quirements are negligibly small. However, if an 
amplifier is used to actuate some power-con-
suming. device, such 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-
scribed. 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 should be as large as possible 
in comparison to the plate resistance of the 
tube. It can be shown that, in any electrical cir-
cuit, maximum 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 such a 
low value of plate load resistance there is al-
ways considerable harmonic distortion, and it 
has been found that optimum power output, 
representing• an acceptable compromise be-
tween distortion and the amount of power ob-
tainable, is secured when the load resistance is 
approximately twice the plate resistance. 
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 
using transformers, as described in § 2-9. 
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 used between the 
grid of the power amplifier and the preceding 
amplifier. If there is no preceding amplifier, the 
method of coupling will depend principally on 
the characteristics of the source of the signal. 

In Fig. 316 the load is represented as a re-
sistance. An actual load may have a reactance 
as well as a resistance component, but only 
the resistance will consume power (§ 2-8). 
Power amplification ratio— The ratio of 

a.c. output power to the a.c. power consumed 
in the grid circuit (driving power) is called the 
power amplification ratio or simply power am-
plification of the amplifier. If the amplifier 
operates without grid current the a.c. power 
consumed in the grid circuit is negligibly small, 
so that the power amplification ratio of such an 
amplifier is extremely large. With other types 
of operation the power amplification ratio may 
be relatively small, as described in § 3-4. 

Plate efficiency— The ratio of a.c. output 
power to the (I.e. power supplied to the plate 
circuit of an amplifier is called the plate effi-
ciency of the amplifier. It is usually expressed 
as a percentage: 

% plate efficiency = —EI X 100 

where P. is the a.c. output power, E is the plate 
voltage and / is the plate current, the latter 
two being d.c. values. 
The plate efficiency 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 distortion the opera-
tion must be confined to the 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 characteristic. 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 can be secured by 
increasing the alternating component of plate 
current, but this is accompanied by increased 
distortion. Special types of amplifiers have 
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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 sensitivity— The ratio of a.c. power 

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

connection with radio-frequency power ampli-
fiers, in which case it has the same meaning as 
power amplification ratio. A tube which de-
livers its rated output power with 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 power output than one tube is 
capable of giving, two or more tubes may be 
connected in parallel. In this case the similar 
elements in all tubes are connected together. 
This method is shown in Fig. 317 for a trans-
former-coupled amplifier. The power 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 of tubes used. 
Push-pull operation— An increase in 

power output can be secured by connecting 
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 midpoint of the input 
and output devices, is necessary with push-
pull operation. At any instant the ends of the 
secondary winding of the input transformer, 
T1, will be at opposite potentials with respect 
to the cathode connection, so that 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 
plate current of one tube therefore is rising 
while the plate current of the other is falling, 
hence the name "push-pull." In push-pull 
operation the even-harmonic (second, fourth, 
etc.) distortion is cancelled in the symmetrical 
plate circuit, so that for the same power output 
the distortion will be less than with parallel 
operation. 
The exciting voltage measured between the 

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

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

db. = 10 log —Pl 
P2 

The decibel is a particularly useful unit be-
cause it is logarithmic, 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 produces the same apparent change in 
loudness regardless of the power level; thus if 
the power is doubled the increase is 3 db., or 
three steps of intensity; if it is doubled again 
the increase is again 3 db., or three further dis-
tinguishable steps. Successive amplifications 
expressed in decibels can be added to obtain the 
overall amplification. 
A power loss also can be expressed in deci-

bels. A decrease in power is indicated by a 
minus sign (e.g., — 7 db.), and an increase in 
power by a plus sign (e.g., 4 db.). Negative 
and positive quantities can be added numeri-
cally. Zero db. indicates the reference power 
level, or a power ratio of 1. 
Applications of amplification— The ma-

jor uses of vacuum-tube amplifiers in radio 
work are for amplifying at audio and radio fre-
quencies (§ 2-7). The audio-frequency ampli-
fier generally is used to amplify without dis-
crimination at all frequencies in a wide range 
(say from 100 to 3000 cycles for voice commu-
nication), and therefore is associated with non-
resonant or untuned circuits which offer a uni-
form load over the desired range. The radio-fre-
quency amplifier, on the other hand, generally 
is used to amplify selectively at a single radio 
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Fig. 317 —Parallel and push-pull amplifier circuits. 
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frequency, or over a small batid of frequencies 
at most, and therefore is associated with res-
onant circuits tunable to the desired frequency. 
An audio-frequency amplifier may be con-

sidered a broad-band amplifier; most radio-
frequency amplifiers are designed 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 but 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-frequency 
stages of receivers as well as in audio amplifiers; 
power amplifiers are used in the radio-fre-
quency stages of transmitters. 

(1 3-4 Classes of Amplifiers 
Reason for classification — 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 
accomplish the purpose. This makes identifica-
tion easy and obviates the necessity for giving 
a detailed description of the operation when 
specific operating data are not required. 

Class A — An amplifier operated as shown 
in Fig. 306 or 307, in which the output wave-
shape is a faithful reproduction of the input 
waveshape, is known as a Class- A amplifier. 
As generally used, the grid of a Class-A 

amplifier never is driven positive with respect 
to the cathode by the exciting signal, and never 
is driven so far negative that plate-current 
cut-off is reached. The plate current is con-
stant both 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 relative y low ( § 3-3). 

Fig. 318 — Clam-B amplifier operation. 

Class-A power amplifiers find application as 
output amplifiers in audio systems and as 
drivers for Class-B power amplifiers. Class-A 
voltage amplifiers are found in the stages pre-
ceding the power stage or stages in such ap-
plications, 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. 
The distinguishing operating condition in 

Class-B service is that 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 
tube's characteristic is used. Fig. 318 illustrates 
Class-B operation with the tube biased prac-
tically to cut-off. In this operating condition 
plate current flows only during the positive 
half-cycle of excitation voltage. No plate cur-
rent flows during the negative swing of the 
excitation voltage. 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 
cathode 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 characterized 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-B audio-frequency amplification, 

two tubes must be used. The second tube, 
working alternately with the first, must be in-
cluded so that both halves of the cycle will be 
present in the output. A typical method of ar-
ranging the tubes and circuit to achieve this is 
shown in Fig. 319. The signal is fed to a trans-
former, 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 connected to the plates of 
the tubes. When the signal voltage in the upper 
half of T1 is positive with respect to the center 
connection (center tap), the upper tube draws 
plate current while the lower tube is idle; when 
the lower half of T1 becomes positive, the 
lower tube draws plate current while the upper 
tube is idle. The corresponding voltages in-
duced in the halves of the primary of T2 com-
bine in the secondary to produce an amplified 
reproduction of the signal waveshape. 
The Cla.ss-B amplifier is capable of deliver-

ing much more power for a given tube size 
than a Class-A amplifier. While Class-B audio-
frequency operation produces somewhat more 
distortion than Class-A, for most purposes the 
distortion is small enough to be neglected. 

Class AB — The similarity between Fig. 319 
and the ordinary push-pull amplifier circuit 
(Fig. 317) will be noted. Actually the circuits 
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Fig. 319 — The Class-B audio amplifier, showing how 
the outputs of the two tubes in push-pull are combined. 

are the same, the difference being in the method 
of operation. If the bias is adjusted so that the 
tubes draw a moderate value of plate current 
with no signal, the amplifier will operate Class 
A at low signal voltages and more nearly Class 
B at high signal voltages. An amplifier so 
operated is called Class AB. The advantages of 
this method are low distortion at moderate 
signal levels and high plate efficiency at high 
signal levels, making it possible to use 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 
from the driving source. The Class-A B2 am-
plifier draws grid current at higher signal levels, 
and power must be supplied to its grid circuit. 

Class C— The Class-C amplifier is one op-
erated so that the alternating component of 
the plate current is directly proportional to the 
plate voltage. The output power is therefore 
proportional to the square of the plate voltage. 
Other characteristics inherent to Class-C oper-
ation are high plate efficiency, high power out-
put, and relatively low power amplification. 
The grid bias for a Class-C amplifier is 

ordinarily set at a value at least twice that re-
quired for plate-current cut-off without grid 
excitation. As a result, plate current flows dur-
ing 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. 

Although requiring considerable driving 
power, because of the relatively large grid 
swing and grid-current flow, the high plate 
efficiency (ordinarily 70 to 80 per cent) of the 
Class-C amplifier makes it an effective gen-
erator of radio-frequency power. 

1E, 3-5 Multi-Element and Special-
Purpose Tubes 

Radio-frequency amplification— As de-
scribed in the preceding section, the reactances 
of the grid-to-cathode and plate-to-cathode 
capacities (together with unavoidable stray 
capacities) in an amplifier circuit become very 
low at frequencies higher than the audio-
frequency range. As a result, ordinary resist-
ance, impedance or transformer coupling can-
not be used at radio frequencies, because these 
capacities act as low-reactance by-passes across 
the input and output circuits; hence the total 
impedance in either the plate or grid circuit is 
too low for appreciable voltage to be developed. 
When an amplifier is to be operated at radio 

frequencies it is necessary to use resonant cir-
cuits as loads, the circuits being tuned to the 
frequency to be amplified. Since such circuits 
consist of coils and condensers, the tube and 
stray capacities become part of the total tun-
ing capacity and are thus made to serve a use-
ful purpose. As desct ibed in § 2-10, the parallel 
impedance of a resonant circuit can reach quite 
high values when the Q is high. Values of 
parallel-resonant impedance suitable for effec-
tive amplification are readily obtainable with 
reasonably well-designed tuned circuits. 

Since maximum parallel impedance, and 
consequently maximum amplification when 
resonant circuits are associated with an am-
plifier tube, is obtained when the circuit is 
exactly resonant at the applied frequency, it is 
necessary that the resonant circuit associated 
with the grid and that connected to the plate 
be tuned to the same frequency. In practice, 
it is difficult to maintain exact tuning over a 

Fig. 320 — Class-C amplifier operation. 

period of time. If the amplifier tube is a triode, 
its input circuit will have a negative-resistance 
characteristic (§ 3-3) when the plate-circuit 
load has inductive reactance. If the resonant 
circuit associated with the plate is tuned 
slightly to the high-frequency side of exact 
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resonance, the circuit will have inductive re-
actance, and energy will be transferred from the 
plate circuit to the grid circuit. Such a circuit 
has positive feed-back, or is regenerative. If 
enough energy is so transferred (very little is 
required) the tube will generate a self-sustain-
ing radio-frequency current, in which case it is 
said to be oscillating. When oscillation com-
mences the circuit ceases to operate as an am-
plifier of incoming signals, since it is generating 
a signal of its own. 

Oscillation can be prevented by using special 
circuits with triode amplifiers, but in practice 
these are unsatisfactory in receiving applica-
tions. Since the feed-back arises because of the 
grid-plate capacity of the tube, it can be elimi-
nated by eliminating the grid-plate capacity. 

Screen-grid tubes — The grid-plate capac-
ity can be eliminated, or at least reduced to a 
negligible value, by inserting a second grid 
between the control grid and the plate as indi-
cated in Fig. 321. 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 path, such as 
a by-pass condenser, which has low impedance 
at the radio frequency being amplified. The 
electric lines of force from the plate practically 
all 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 
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Fig. 321 — Representative arrangement of elements 
in a screen-grid tube, with front part of plate and screen. 
grid cut away. The screen grid usually is made longer 
than either the control grid or plate, so that the shielding 
mill be as effective as possible. 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 wires if both passed 
through the base. Some modern tubes which have both 
leads going through the base use special shielding and 
construction to eliminate capacity. Symbols for pentode 
and tetrode tubes: H, heater; C, cathode; G, control 
grid; P, plate; S, screen grid; Sup., suppressor grid. 

there is no common field between the control 
grid and plate, and 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 is 
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 in the same way as does the plate in a 
triode tube. In traveling toward the screen the 
electrons acquire velocity, and most of them 
shoot between the screen wires into the region 
where the field from the plate is effective. 
Those that pass through and are attracted to 
the plate constitute the plate current of the 
tube. A certain proportion of the electrons do 
strike the screen, however, with the result that 
a current also flows to the screen grid. In a 
properly designed screen-grid tube, the screen 
current will be low compared to the plate cur-
rent with normal operating potentials. 
A tube with two grids, such as is shown in 

Fig. 321, is a tetrode, or four-element tube. 
Secondary emission — When an electron 

traveling at appreciable velocity through a 
tube strikes the plate it dislodges other elec-
trons, which "splash" from the plate into the 
interelement space. This phenomenon is called 
secondary emission. In the triode, ordinarily 
operated with the grid negative with respect 
to cathode, these secondary electrons are re-
pelled back into the plate and cause no dis-
turbance. In the screen-grid tube, however, 
the positively charged screen grid attracts the 
secondary electrons, causing a reverse current 
to flow between screen and plate. The effect is 
particularly 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 is connected di-
rectly to the cathode, and repels the relatively 
low-velocity secondary electrons back to the 
plate without obstructing to any appreciable 
extent the regular plate-current flow. 

Although the screen grid in either the tetrode 
or pentode greatly reduces the influence of the 
plate upon plate-current 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 triode, since the control grid is still 
in the space-charge region. Consequently, the 
grid-plate transconductance (or mutual con-
ductance) of a tetrode or pentode will be of the 
same order of value as in a triode of corre-
sponding structure. On the other hand, since 
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Fig. 322 — Plate voltage vs. plate current curves of a 
small receiving pentode. Plate voltage has relatively 
little effect on plate current. In taking these curves, the 
screen-grid voltage, E.,,, was 100 volts and suppressor-
grid voltage, E..,,,, zero with respect to the cathode. 

the plate voltage has very little effect on the 
plate-current flow, both the amplification factor 
and plate resistance of a pentode or tetrode are 
very high, as is apparent from the definitions of 
these constants (§ 3-2). In small pentodes used 
for receiving purposes the amplification factor 
is usually of the order of 1000, while the plate 
resistance may be from 0.5 to 1 or more 
megohms. Because of the high plate resistance, 
the actual voltage amplification possible with 
a pentode is very much less than the large am-
plification factor might indicate. In resistance-
coupled audio-frequency amplifiers, a voltage 
amplication or gain of 100 to 200 is typical. 
A typical set of characteristic curves for a 

small pentode is shown in Fig. 322. That the 
plate voltage has little effect on the plate cur-
rent is indicated by the fact that the curves are 
practically horizontal once the plate voltage is 
high enough to prevent the electrons in the 
space between the screen grid and the plate 
from being attracted back to the screen. The 
plate potential at which this occurs is con-
siderably less than the screen potential, because 
the electrons entering the space have consid-
erable velocity and hence tend to move away 
from the screen despite the fact that the screen 
has a positive charge. 

In addition to their applications as radio-
frequency amplifiers, pentode or tetrode screen 
grid tubes also can be constructed for audio-
frequency power amplification. In tubes de-
signed for this purpose the shielding effect of 
the screen grid is not so important; the chief 
function of the screen is to serve as an ac-
celerator of the electrons, so that large values 
of plate current can be drawn at relatively low 
plate voltages. Such tubes have quite high 
power sensitivity (§ 3-4) compared to triodes 
of the same power output, 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 p, the 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. 

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. 

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 cut-off 
and variable-µ or "super-control" types. In 
the sharp cut-off type the amplification factor 
is practically constant regardless of grid bias, 
while in the variable-p 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 used 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-et 
type, is shown in Fig. 323. Obviously, the vari-
able-p type can handle a much larger signal 
voltage without swinging either beyond zero 
grid bias or plate-current cut-off (zero mutual 
conductance) if the bias is properly chosen. 
Multi-purpose types— A number of com-

bination types of tubes have been constructed 
to perform multiple functions, particularly in 
receiver circuits. Among the simplest are full-
wave rectifiers, combining two diodes in one 
envelope, and twin triodes, consisting of two 
triodes in one bulb for Class-B audio amplifica-
tion. More complex types include duplex-diode 
triodes, duplex-diode pentodes, converters and 
mixers (for superheterodyne receivers), com-
bination power tubes and rectifiers, and so on. 
In many cases the nature of the tube structure 
can be identified by the name. 

Map?, cut-of f tube 

Variable -ji  

 2000 

 1600 

1.4 

 1200 eu 

o 
 800 

 eo 

•-40 -30 -20 -10 
GRID BIAS -

Fig. 323 — Curves showing mutual conductance vs. 
negative grid bias for two small receiving pentodes, one 
a sharp cut-off type and the other a variable.» type. 
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Mercury-vapor rectifiers — For a given 
value of plate current, the power lost in a diode 
rectifier (§ 3-1) will be lessened if it is possible 
to decrease the plate-cathode voltage at which 
the current is obtaiv ed. If a small amount of 
mercury is put in the tube, the mercury will 
vaporize when the cathode is heated, and, 
further, will ionize ( § 2-4) when plate voltage is 
applied. The positive ions neutralize the space 
charge and reduce the plate-cathode voltage 
drop to a practically constant value of about 15 
volts, regardless of the value of plate current. 
Since this voltage drop is much smaller than 
can be attained with purely thermionie conduc-
tion, there is less power loss in the rectifier. That 
the voltage drop is constant when the current 
varies also is an advantage. Mercury-vapor 
tubes are widely used in power recti!iers. 
Grid-control rectifiers — If a grid is in-

serted in a mercury-vapor rectifier it is found 
that with sufficient negative grid bias it is 
possible to prevent plate current from flowing,. 
but only if the bias is present before plate volt-
age is applied. If the bias 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 occurs. It can as-
sume control again only after the plate voltage 
is reduced below the ionizing potential. The 
same phenomenon also occurs in triodes filled 
with other gases which ionize at low pressure. 
Grid-control rectifiers find considerable appli-
cation in "electronic switching" circuits. 

tr. 3-6 Common Elements in Vacuum-
Tube Circuits 

Types of cathodes — Cathodes are of two 
general types, directly and indirectly heated. 
Directly heated cathodes or filaments used in 
receiving tubes are of the oxide-coated type, 
consisting of a wire or ribbon of tungsten 
coated with certain rare metals and earths 
which form an oxide capable of emitting large 
numbers of electrons with comparatively little 
cathode-heating power. 
When directly heated cathodes are operated 

on alternating current, the cyclic variation of 
current causes electrostatic and magnetic ef-
fects which vary the plate current of the tube 
at the supply-frequency rate and thus produce 
hum in the output. Hum from this source is 
eliminated by the indirectly heated cathode, 
consisting of a thin metal sleeve or thimble, 
coated with electron-emitting oxides, enclosing 
a tungsten wire which acts as a heater. The 
heater brings the cathode thimble to the proper 
temperature to cause electron emission. This 
type of cathode is also known as the equi-
potential cathode since all parts are at the same 
potential, in contrast to the directly heated 
filament where a voltage drop occurs along the 
wire because of the heating current which flows 
through it. 
When a tube has a directly heated cathode, 

the source of filament power — battery or 

transformer — necessarily is directly connected 
to the tube circuit. On the other hand, if the 
tube has an indirectly heated cathode the 
source of heating power can be entirely inde-
pendent of the tube circuit, since the electron-
emitting cathode need not be electrically con-
nected to the heating element. This is an 
advantage in certain types of amplifiers. 

While the oxide-coated cathode is the most 
efficient type, in that it emits large numbers of 
electrons per watt of heating power, it is suit-
able only for tubes operating at plate voltages 
of 1000 volts or less. In the manufacture of the 
tube there is some tendency for the electron-
emitting material to be deposited on the con-
trol grid. While this is of little consequence 
in receiving tubes, it leads to difficulties in 
power-tube operation. A receiving tube is 
usually operated with little or no grid current, 
so that only very small amounts of power must 
be dissipated by the grid. On the other hand, 
a power tube operated as a Class-C amplifier or 
oscillator will take considerable grid current, so 
that the power the grid must dissipate is rela-
tively high and its temperature will rise cor-
respondingly. In addition, both cathode and 
plate power dissipation are large in tubes 
handling large amounts of power, further rais-
ing the internal tube temperature, so that the 
control-grid temperature in a power tube read-
ily may be high enough to cause electron emis-
sion from the deposited oxide material. When 
this occurs, the grid is in effect a second cath-
ode. The plate will attract the electrons so 
emitted, increasing the total plate current 
without increasing the power output, with the 
result that the plate efficiency is lowered and 
the plate temperature rises. This in turn tends 
to increase the grid temperature, causing more 
electron emission, and in a short time the tube 
will "run away" — that is, its plate current 
will increase to unsafe values and the power 
output will decrease. 
A second factor which makes oxide-coated 

cathodes unsuitable for power tubes is bom-
bardment of Lie cathode by positive ions. 

A B C D E 

Fig. 324 --, Types of cathode construction. Directly 
heated cathodes or filaments are shown at A, B, and C. 
The inverted V filament is used in small receiving 
tubes, the M in both receiving and transmitting tubes. 
The spiral filament is a transmitting-tube type. The 
indirectly heated cathodes at D and E show two types 
of heater construction, one a twisted loop and the other 
hunched heater wires. Both types tend to cancel the 
magnetic fields set up by the current through the heater. 



Vacuum Tubes 73 
Although by far the greater part of the air is 
pumped out of the tube, it is impossible to 
obtain a complete vacuum; there is always 
some residual gas. The gas molecules will be-
come ionized when the tube is operating 
(§ 2-4), separating into an electron and a posi-
tively charged ion, with the latter having prac-
tically all the weight of the molecule. The 
heavy positive ion is repelled by the positive 
charge on the plate and driven at high velocity 
into the cathode. The force of the collision 
breaks up the electron-emitting material, fre-
quently stripping whole sections of it from the 
heating wire or sleeve. 
Tubes intended for operation at voltages up 

to about three or four thousand volts usually 
are made with thoriated-tungsten cathodes. This 
type of cathode always is directly heated, con-
sisting of a filament of tungsten containing 
dissolved thoria. The presence of the thorium 
makes the filament much more efficient as an 
electron emitter than tungsten alone, but the 
thoriated filament is in turn less efficient than 
the oxide-coated type. However, it is free 
from the grid-emission effects described above. 
While it is less susceptible to positive ion bom-
bardment than the oxide-coated type, partly 
because less gas is trapped or "occluded" in 
the cathode itself, the beneficial effect of the 
thorium can be destroyed (at least tempo-
rarily) by bombardment. 

Since the bombardment increases with 
higher plate voltages, thoriated filaments be-
come unusable at very high voltages, and 
tubes built to operate at several thousand volts 
are provided with cathodes of pure tungsten. 
This material must be operated at high tem-
perature (white heat) for reasonable electron-
emission efficiency, but even under this condi-
tion is very much less efficient than either the 
thoriated or oxide-coated cathode. However, it 
is the only type which is satisfactory in high-
voltage operation. 
The operating temperature of a thoriated 

tungsten filament is fairly critical, particularly 
with respect to good life characteristics, and 
the filament voltage should be maintained 
within a few per cent of the value specified by 
the manufacturer. These filaments, as well as 
oxide-coated cathodes, eventually "lose emis-
sion"; that is, the emission efficiency of the 
cathode decreases to the point where it is im-
possible to obtain sufficient electron emission 
for satisfactory tube operation without raising 
the cathode temperature to an unsafe value. 
Pure tungsten cathodes do not lose emission, 
but the high operating temperature makes 
them more susceptible to "burn-out." 
Methods of obtaining 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. 325-A. A second 
method, utilizing a cathode resistor, is shown at 
B; d.c. plate current flowing through the re-
sistor causes a voltage drop which, with the 
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Fig. 325— The three basic methods of obtaining grid 
bias. A, fixed bias; B, cathode bias; C, grid-leak bias. 

connections shown, has the right polarity to 
bias the grid negatively with respect to the 
cathode. The value of the resistor is deter-
mined by the bias required and the plate cur-
rent which flows at that value of bias, as found 
from the tube characteristic curves; with the 
voltage and current known, the resistance can 
be determined by Ohm's Law (§ 2-6): 

— E X 1000 

Is 
where R. = cathode bias resistor in ohms 

E = desired bias voltage 
/". = total d.c. cathode current in milli-

amperes. 
If the tube 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 included if the control grid is driven positive. 
The a.c. component of plate current flowing 

through the cathode resistor will cause an a.c. 
voltage drop which gives negative feed-back 
(§ 3-3) into the grid circuit, and thus reduces 
the amplification. To prevent this, the re-
sistor usually is by-passed (§ 2-13), Ce being 
the cathode by-pass condenser. To be effective, 
the reactance of the by-pass condenser must 
be small compared to L at the frequency being 
amplified. This condition generally is satisfied 
if the reactance is 10 per cent or less of the 
cathode resistance. In audio-frequency ampli-
fiers, the lowest frequency at which full am-
plification must be secured should be used in 
calculating the required capacity. 
A third biasing method is by use of a grid 

leak, in Fig. 325-C. This requires that the ex-
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citing voltage be positive with respect to the 
cathode during part of the cycle, 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-
tive bias. The time constant (§ 2-6) of the grid 
leak and grid condenser should be large in com-
parison to the time of one cycle of the exciting 
voltage, so that the grid bias will be substan-
tially constant and will not follow the varia-
tions in a.c. grid voltage. For grid-leak bias, 

E X 1000 
, R — 

- I, 

where R, = grid-leak resistance in ohms 
E -= desired bias voltage 
= d.c. grid current in milliamperes. 

When two tubes are operated in push-pull 
or parallel and use a common cathode- or grid-
leak resistor, the value of resistance becomes 
one-half what it would be for one tube. In 
push-pull Class-A circuits operating at audio 
frequencies, it is unnecessary to by-pass the 
cathode resistor to prevent negative feed-back. 
In this case the a.c. component of cathode 
current in one tube is out of phase with the 
a.c. component in the other, so that the two 
components cancel each other. 
The choice of a biasing method depends 

upon the type of operation. Fixed bias generally 
is required where the d.c. plate current of 
the amplifier varies in operation, as in Class-B 
audio-frequency amplifiers. If cathode bias is 
used in such a case the bias voltage will vary 
with the plate current, which usually is unde-
sirable. Since the plate current of a Class-A 
amplifier is constant with or without signal, 
such amplifiers almost invariably have cathode 
bias. Grid-leak bias cannot be used with am-
plifiers operated so that the grid is always nega-
tive with respect to the cathode, since in such 
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Fig. 326 — Filament center-tap connections. 

a case there is no grid current and hence no 
voltage drop in the grid leak. Grid-leak bias is 
chiefly used for r.f. power amplifiers and for 
certain types of detectors. In some types of 
power amplifiers, two or even all three types of 
bias may be used on one tube. 
Cathode circuits; filanzeta center tap — 

When a filament-type cathode is heated by 
a.c., the hum introduced can be minimized by 
making the two ends of the filament have 
equal and opposite potentials with respect to 
a center point, usually grounded (§ 2-13), to 
which the grid and plate return circuits are 
connected. The filament transformer winding 
is frequently ce '&1,T-topped for this purpose, as 
shown in Fig. 326-A. The same result can be 
secured with an untapped winding by sub-
stituting a center-tapped resistor of 10 to 50 
ohms, as at B. The by-pass condensers, C1 and 
C2, are used in radio-frequency circuits to 
avoid having the r.f. current flow through the 
transformer or resistor, either of which may 
have considerable reactance at r.f. 
The filament supply for tubes with in-

directly heated cathodes sometimes is center-
tapped for the same purpose; although fre-
quently one side of the filament supply, and 
hence one terminal of the heater, is grounded. 

41 3-7 Oscillators 

Self-oscillation— The possibility of mak-
ing an amplifier tube generate a sustained 
radio-frequency current already has been men-
tioned (§ 3-5). Self-oscillation is possible only 
because of the amplifying action of the tube, 
hence a triode or multi-element tube must be 
used. The ordinary diode does not amplify, and 
consequently cannot be made to oscillate. 

In an amplifier circuit having positive 
feed-back, the total amplification is larger than 
it would be without feed-back (§ 3-3). In gen-
eral the greater the feed-back the greater the 
total amplification, but the process of increas-
ing feed-back for greater amplification cannot 
be carried on indefinitely. Because of the am-
plifying properties of the tube, more energy is 
developed in the plate circuit than is required 
in the grid circuit. If enough energy is fed back 
to the grid, the feed-back process becomes inde-
pendent of any applied signal voltage and con-
tinuous oscillations are generated. That is, the 
tube supplies its own grid excitation. The ac-
tual energy required to overcome the grid losses 
is, in the end, taken from the d.c. plate supply. 

It is sometimes helpful to look at oscillation 
from the standpoint of negative resistance. 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 circuit (if the 
circuit is parallel resonant the positive resist-
ance will be the resonant impedance of the 
circuit) the net resistance is negative, indi-
cating that the circuit can be looked upon as a 
source of energy. Such a source is capable of 
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Fig. 327 — Two types of oscillator circuits with mag-
netic feed-back. A, tickler circuit; B, Hartley circuit. 
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maintaining a constant voltage which can be 
amplified by the tube. The actual energy, of 
course, comes from the plate circuit of the tube, 
so that the two viewpoints are equivalent. 
A circuit having the property of generating 

continuous oscillations is called an oscillator. 
It is not necessary to apply external excitation 
to such a circuit, since any random variation in 
current will be amplified to cause oscillation. 
The frequency of oscillation will be that at 
which the feed-back voltage has the proper 
phase and amplitude. In the case of the reso-
nant circuits usually associated with oscillators, 
it is very nearly the resonant frequency of the 
tuned circuit. 
Magnetic feed-back— One form of feed-

back is by electromagnetic coupling between 
plate (output) and grid (input) circuits. Two 
representative circuits of this type are shown in 
Fig. 327. That at A is called the tickler circuit. 
The amplified current flowing in the "tickler," 
L2, induces a voltage in L1 in the proper phase 
when the coils are wound in the same direction 
and are connected as shown in the 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 of the coil provides the feed-
back, which can be adjusted by moving the 
tap on the coil. 
Capacity feed-back—The feed-back can 

also be obtained through capacity coupling, as 
shown in Fig. 328. In A, the Colpitts 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 capacity of the tube 

to provide feed-back coupling. There should be 
no magnetic coupling between the two tuned-
circuit coils. Teed-back can be adjusted by 
varying the tuning of either the grid or plate 
circuit. The circuit with the higher Q (§ 2-10) 
determines the frequency of oscillation. The 
plate circuit must be tuned to a slightly higher 
frequency than the grid circuit, so that it will 
have inductive reactance and hence give posi-
tive feed-back ( § 3-3). The amount of detuning 
required is small, so it is customary to assume 
that the circuits are tuned to approximately 
the same frequency: 
The ultraudion circuit at C is equivalent to 

the Colpitts, with the voltage division for 
oscillation brought about through the grid-to-
filament and plate-to-filament capacities of the 
tube. In this and in the Colpitts circuit, the feed-
back can be controlled by varying the ratio 
of the two capacities. In the ultraudion circuit, 
this can be done by connecting a small variable 
condenser between grid and cathode. 

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. 329. It will 
be recognized as the tuned-plate tuned-grid 
circuit with the crystal substituted for the res-
onant circuit in the grid. Many variations of 
this fundamental circuit are used in practice. 

Series and parallel feed— A circuit such as 
the tickler circuit of Fig. 327-A is said to be 
series fed because the source of plate voltage 
and the r.f. plate circuit (the tickler coil) are 
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Fig. 328 — Oscillator circuits with capacity feed-back. 
A, Colpitts; 13, tuned-plate tuned-grid; C, ultraudion. 
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Fig. 329 — Simple crystal oscillator circuit. 

connected in series, hence the d.c. plate current 
flows through the coil to the plate. A by-pass 
(§ 2-13) condenser, Cb, 'bust be connected 
across the plate supply to shunt the radio-
frequency current around the source of power. 
Other examples of series plate feed are shown 
in Figs. 328-B and 329. 

In some cases the source of plate power must 
be connected in parallel with the tuned circuit 
in order to provide a path for direct current to 
the plate. This is illustrated by the Hartley 
circuit of Fig. 327-B, where it would be im-
possible to feed the plate current through the 
coil because there is a direct connection be-
tween the coil and cathode. Hence the voltage 
is applied to the plate through a radio-fre-
quency choke, which prevents the r.f. current 
from flowing to the plate supply and thus 
short-circuiting the oscillator. The blocking 
condenser, Cb, 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. 
328-A and 328-C. 

Values of chokes, by-pass and blocking con-
densers are determined by the considerations 
outlined in § 2-13. 

Excitation and bias — The excitation volt-
age required depends upon the characteristics 
of the tube and the losses in the circuit, includ-
ing the power consumed in the load. In practi-
cally all oscillators the grid is driven positive 
during part of the cycle, so that power is con-
sumed in the grid circuit (§ 3-2). This power 
must be supplied by the plate circuit. With 
insufficient excitation, the tube will not oscil-
late; with too-high excitation, the grid losses, 
or power consumed in the grid circuit, will be 
excessive. 

Oscillators are almost always grid-leak biased 
(§ 3-6). This not only takes advantage of the 
grid-current flow but also gives better opera-
tion, since the bias adjusts itself to the excita-
tion voltage available. 
Tank circuit—The resonant circuit asso-

ciated with the oscillator generally is called 
the tank circuit. This name derives from the 
storage of energy associated with a resonant 
circuit of reasonably high Q (§ 2-10). It is 
applied to any resonant circuit in transmitting 
applications, whether used in an oscillator or 
in an amplifier. 
Power output —The power output of an 

oscillator is the useful a.c. power consumed 
in a load connected to the oscillator. The load 
may be coupled as described in § 2-11. 

Plate efficiency—The plate efficiency (§ 3-3) 
of an oscillator depends upon the load resist-
ance, excitation and other operating condi-
tions, and usually is in the vicinity of 50 per 
cent. It is not as high as in the case of an am-
plifier since the oscillator must supply its own 
grid losses, which usually are 10 per cent to 
20 per cent of the output power. 
Frequency stability— The frequency sta-

bility of an oscillator is its ability to maintain 
constant frequency in the presence of variable 
operating conditions. The more important fac-
tors which may cause a change in frequency are 
(1) plate voltage, (2) temperature, (3) loading, 
(4) mechanical variations of circuit elements. 
Plate-voltage variations will cause a corre-
sponding instantaneous shift in frequency; this 
type of frequency shift is called dynamic in-
stability. Temperature changes will cause tube 
elements to expand or contract slightly, thus 
causing variations in the interelectrode ca-
pacities (§ 3-2), and since these are unavoid-
ably part of the tuned circuit the frequency will 
change correspondingly. Temperature changes 
in the coil or condenser will change the induct-. 
ance and capacity slightly, again causing a 
shift in the resonant frequency. Both these 
temperature effects are relatively slow in oper-
ation, and the frequency change caused by 
them is called drift. Load variations act in 
much the same way as plate voltage variations 
except when there is a temperature change in 
the load, when drift also may be present. Me-
chanical variations, usually caused by vibra-
tion, cause changes in inductance and/or ca-
pacity which in turn cause the frequency to 
"wobble" in step with the vibration. 
Dynamic instability can be reduced by using 

a tuned circuit of high effective Q, which means, 
since the tube and load represent a relatively 
low resistance in parallel with the circuit, that 
a low L/C ratio ("high-C") must be used 
(§ 2-10) and that the circuit should be lightly 
loaded. Dynamic stability also can be im-
proved by using a high value of grid leak, 
which gives high grid bias and raises the ef-
fective resistance of the tube as seen by the 
tank circuit, and by using relatively high plate 
voltage and low plate current, which accom-
plishes the same result. Drift can be minimized 
by using low d.c. input (for the size of tube), 
by using coils of large wire to prevent undue 
temperature rise, and by providing good venti-
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Fig. 330 —Negative-resistance oscillator. This circuit, 
known as the "transitron," requires that the screen 
be operated at a higher d.c. potential than the plate. 
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Fig. 331—The multivibra-

lation to carry off 
heat rapidly. A low 
L/C ratio in the tank 
circuit also helps, be-
cause the interelec-
trode capacity varia-
tions have propor-
tionately less effect on 
the frequency when 
shunted by a large 
condenser. Special 
temperature-compen-
sated components al-

tor, or relaxation oscillator, so can be used. Me-
chanical instability 

can be prevented by using well-designed com-
ponents and insulating the oscillator from 
mechanical vibration. 
Negative-resistance oscillators — If a reso-

nant circuit were completely free from losses, 
a current once started would continue indefi-
nitely; that is, sustained oscillations would 
occur. As previously explained, this condition 
can be simulated in practice by canceling the 
actual resistance in the circuit by inserting an 
equal or greater amount of negative resistance. 
Negative resistance is exhibited by any device 
showing an increase of current when the ap-
plied voltage is decreased, or vice versa. 

In addition to negative resistance by feed-
back, the vacuum tube can be made to show 
negative resistance by a number of arrange-
ments of electrode potentials. One such circuit 
is shown in Fig. 330. Negative resistance is pro-
duced by virtue of the fact that, as the sup-
pressor grid of a pentode is given more nega-
tive bias, electrons normally passing through 
to the plate are turned back to the screen, thus 
increasing the screen current and reversing 
normal tube action (§ 3-2). The negative re-
sistance so produced is sufficiently low so that 
ordinary tuned circuits will oscillate readily at 
frequencies up to 15 Mc. or so. 
The multivibrator — The type of oscillator 

circuit shown in Fig. 331 is known as the multi-
vibrator, or relaxation oscillator. Two tubes are 
used with resistance coupling, the output of 
one tube being fed to the input circuit of the 
other. The frequency of oscillation is deter-
mined by the time constants (§ 2-6) of the 
resistance-capacity combinations. The prin-
ciple of oscillation is the same as in the feed-
back circuits already described, the second 
tube being necessary to obtain the proper 
phase relationship (§ 3-3) for oscillation when 
the energy is fed back. 
The multivibrator is a very unstable oscil- eatitode 

lator, and for this reason its frequency 
readily can be controlled by a small signal 
of steady frequency introduced into the cir-
cuit. This phenomenon is called locking. 
The output waveshape of the multivibrator 
is highly distorted, hence has high harmonic 
content (§ 2-7). A useful feature is that the 
multivibrator can be locked at its funda-
mental frequency by a frequency corre-

sponding to one of its higher harmonics (the 
tenth harmonic is frequently used), and thus 
can be used as a frill acne?' divider. 

kiL 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 formed into 
a beam, and finally allowed to strike a special 
translucent screen which fluoresces, or gives off 
light at the point where the beam strikes. A 
narrow beam of moving electrons is analogous 
to a wire carrying current (§ 2-4) and, like the 
wire, is accompanied by electrostatic and 
electromagnetic fields. Hence the beam can be 
moved laterally or deflected by electric or 
magnetic fields, since such fields will exert a 
force on the beam in the same way as on 
charged bodies or on wires carrying current 
(§ 2-3, 2-.5). Since the cathode-ray beam con-
sists only of moving electrons, its weight and 
inertia are negligibly small. For this reason, it 
can be made to follow instantly the variations 
in fields which are changing periodically, even at 
very high radio frequencies. 

Electron gun — The electrode arrangement 
which forms the electrons into a beam is called 
the electron gun. In the simple tube structure 
shown in Fig. 332, the gun consists of the cath-
ode, grid, and anodes Nos. 1 and 2. The inten-
sity of the electron beam is regulated by the 
grid in the same way as in an ordinary tube 
(§ 3-2). Anode No. 1 is operated at a positive 
potential with respect to the cathode, thus 
accelerating the electrons which pass through 
the grid, and is provided with small apertures 
through which the electron stream passes. On 
emerging from the apertures the electrons are 
traveling in practically parallel straight-line 
paths. The electrostatic fields set up by the po-
tentials on anode No. 1 and anode No. 2 form 
an electron lens system, comparable to an opti-
cal lens, which makes the electron paths con-
verge to a point at the fluorescent screen in 
much the same way that a glass lens takes 
parallel rays of light and brings them to a point 
focus. Focusing of the electron beam is accom-
plished by varying the potentials on the anodes, 
the potential in turn determining the strength 
of the field. In practice the potential on anode 
No. 2 is usually fixed, while that on anode No. 
1 is varied to bring the beam to focus. Anode 
No. 1 is, therefore, frequently called the focus-
ing electrode. 

Anode Nat 

Grid Anode No.2 Del/eel-ton 
Plates 

Fig. 332 — Arrangement of the elements in a cathode-ray 
tube of the type employing electrostatic beam deflection. 
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Sharpest focus is obtained when the elec-
trons of the beam have high velocity, so that 
relatively high d.c. potentials are common with 
cathode-ray tubes. The current flowing to the 
anodes, however, is quite small (of the order of 
a few milliamperes at most), so that the power 
required is negligible. In some tubes a second 
grid is inserted between the control grid and 
anode No. 1, to provide additional acceleration 
of the electrons. 
Methods of deflection—When focused, 

the beam from the gun simply produces a 
small spot on the screen, as just described. 
However, if after leaving the gun the beam is 
deflected by either magnetic or electrostatic 
fields, the spot will move across the screen in 
proportion to the force exerted on the beam. 
If the motion is sufficiently rapid, retentivity 
of vision makes the path of the moving spot 
(trace) appear as a continuous line. 

Electrostatic deflection, generally used in 
the smaller tubes, is produced by deflection 
plates. Two sets of plates are placed at right 
angles to each other, as indicated in Fig. 332. 
The fields are created by applying suitable 
voltages between the two plates of each pair. 
Usually one plate of each pair is connected to 
anode No. 2, to establish the polarities (§ 2-3) 
of the fields with respect to the beam and to 
each other. 
Tubes intended for magnetic deflection have 

the same type of gun, but have no deflection 
plates. Instead the deflecting fields are set up 
by means of coils, corresponding to the plates 
in tubes having electrostatic deflection. The 
coils are external to the tube but are mounted 
close to the glass envelope in the same rela-
tive positions occupied by the electrostatic 
deflection plates, as shown in Fig. 333. The 
coils marked A1 and A2 are connected so that 
their fields aid and have their axes on the same 
line through the tube. The coils marked B1 and 
B2 likewise are connected with fields aiding and 
also are aligned along the same axis through 
the tube, but this axis is perpendicular to the 
Ai-A2 axis. 
The beam deflection caused by a given 

change in the field intensity is called the de-
flection sensitivity. With electrostatic-deflection 
tubes it is usually expressed in millimeters per 

Fig. 333 — A cathode-ray tube with magnetic deflec-
tion. The gun represented here is the same as in the 
electrostatic-deflection tube shown in Fig. 332, but the 
beam is deflected by magnetic instead of electric fields. 
Actud deflection coils usually are formed to fit as 
closely as possible to the neck of the tube, so that the 
field will be as strong as possible for a given coil current. 

volt, which gives the linear movement of the 
spot on the screen as a function of the voltage 
applied to a set of deflecting plates. Values 
range from about 0.1 to 0.6 mm/volt, depend-
ing upon the tube construction and gun elec-
trode voltages. The sensitivity is decreased by 
an increase in anode No. 2 voltage because a 
higher voltage gives the electrons in the beam 
higher velocity, and hence they are less easily 
deflected by a field of given strength. 
Fluorescent screens— The fluorescent screen 

materials used have varying characteristics, ac-
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 persistence 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-, 
medium- and short-persistence. Small tubes 
for oscilloscopic work usually are provided 
with medium-persistence screens of greenish 
fluorescence. 
Tube circuits— A representative cathode-

ray tube circuit with electrostatic deflection is 
shown in Fig. 334. One plate of each pair of de-
flecting plates is connected to anode No. 2. 
Since the voltages required normally are rather 
high, the positive terminal of the supply is 
usually grounded (§ 2-13) so that the common 
deflection 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 
electrode voltages are obtained from a voltage 
divider (§ 2-6) across the high-voltage d.c. 
supply. R3 is a variable divider or "potenti-
ometer" for adjusting the negative bias on the 
control grid and thereby 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 screen by the beam, is con-
trolled by R4, which changes 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 keeping the beam current low. 

Deflecting voltages for the plates are applied 
to the terminals marked "input voltage," RI 
and R2 being high resistances (1 megohm or 
more) to drain off any accumulation of charge 
on the deflecting plates. Usually some provi-
sion is made to place an adjustable d.c. voltage 
on each set of plates, so that the spot can be 
"centered" when stray electrostatic or mag-
netic fields are present; the adjustable voltage 
simply neutralizes such fields. 
The tube is mounted so that one set of plates 

produces a horizontal line when a varying volt-
age is applied to it, while the 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 actual plates produces which line is simply a 
matter of how the tube is mounted. It is usually 
necessary to provide a mounting which can be 
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Fig. 334 — Cathode-ray tube circuit. Ty' ical values 
for a 3-inch (screen-diameter) tube such as the 906: 
RI, R2 — 1 to 10 megohms. E4 — 0.2 rnegohm. 
Ra — 20,000 ohms. Ra — 0.5 megohm. 
The high-voltage supply should be about 1300 volts d.c. 

rotated to some extent, so that the lines will 
actually be horizontal and vertical. 
Power supply— The d.c. voltage required 

for operation of the tube may vary from 500 
volts for the miniature type (I-inch diameter 
screen) to several thousand for the larger 
tubes. The current, however, is very small, so 
that the power required is likewise small. Be-
cause of the small current requirements, a recti-
fied a.c. supply with half-wave rectification 
(§ 8-3) and a single 0.5 to 2-eifd. condenser as a 
filter (§ 8-5) is satisfactory. 

Q 3-9 The Oscilloscope 

Description — An oscilloscope is essentially 
a cathode-ray tube in the basic circuit of Fig. 
334, but with provision for supplying a suitable 
deflection voltage on one set of plates (ordi-
narily those giving horizontal deflection). The 
deflection voltage is called the sweep. Oscillo-
scopes 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-frequency range, and hence can-
not be used at radio frequencies. 
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. 335 shows how such patterns are formed. 
The horizontal sweep voltage is assumed to 
have the "sawtooth" waveshape indicated; 
with no voltage applied to the vertical plates 
the trace simply sweeps from left to right 
across the screen along the. horizontal axis 
X-X' until the instant H is reached, when it 
reverses direction and returns to the starting 
point. The sine-wave voltage applied to the 
vertical plates similarly would trace a line 
along the axis Y-Y' in the absence of any 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. 
Types of sweeps — A horizontal sweep-volt-

age waveshape such as that shown in Fig. 335 
is called a linear sweep, because the deflection 
in the horizontal direction is directly propor-
tional to time. If the sweep were perfect the 
"fly-back" time, or time taken for the spot to 
return from the end (H) to the beginping (I or 
A) of the horizontal trace, would be zero, so that 
the line HI would be perpendicular to the axis 
Y-Y'. Although the fly-back time cannot be 
made zero in practicable sweep-voltage gener-
ators it can be made quite small in comparison 
to the time of the desired trace AH, at least at 
most frequencies within the audio range. The 
fly-back time is somewhat exaggerated in Fig. 
335, to show its effect on the pattern. The line 
H'I' is called the return trace; with a linear 
sweep it is less brilliant than the pattern, 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 
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Fig. 335— A.c. volt-
age waveshape as 
vicwed on an oscil-
loscope screen, 
showing the forma-
tion of the pattern 
from the horizontal 
and vertical sweep 
voltages. 

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 
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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 
center of the pattern than it does at the ends. 
If two sinusoidal voltages of the same frequency 
are applied to both sets of plates the resulting 
pattern may be a straight line, an ellipse or a 
circle, depending upon the amplitude and 
phase relationships. If the frequencies are 
harmonichlly related (§ 2-7) a stationary pat-
tern will result, but if one frequency is not an 
exact harmonic of the other the pattern will 
show continuous motion. This is also the case 
when a linear sweep circuit is used; the sweep 
frequency and the frequency under observa-
tion must be harmonically related or the pat-
tern will not be stationary. 
Sweep 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 transformer, to the hori-
zontal plates. A variable voltage divider or 
potentiometer can be used to regulate the 
width of the horizontal trace. 
A typical circuit for a linear sweep is shown 

in Fig. 336. The tube is a gas triode or grid-
control rectifier (§ 3-5). The breakdown volt-
age, or plate voltage at which the tube ionizes 
and starts conducting, is determined by the 
grid bias. When plate voltage is applied the 
voltage across C1 rises, as it acquires a charge 
through R1, until the breakdown voltage is 
reached, when 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 C1 

C2 Output 

Sync. 
Voltage R 

R5 

- B *a 
Fig. 336 — A linear sweep-oscillator using a gas triode. 
CI — 0.001 to 0.25 dd. CS — 0.1 ad. 
C2 — 0.5 pfd. C4 —25 afd., 25-volt 
RI —0.3 to 1.5 megohms. electrolytic. 
R2 — 2000 ohms. R4 — 25,000 ohms. 
Ra — 0.25 megohm. R2 — 0.1 "mégohm. 
The "B" supply should deliver 300 volts. CI and R; are 
proportioned to give a suitable sweep frequency; the 
higher the time constant (§ 2-6), the lower the frequency. 
R4 limits grid-current flow during the de-ionizing period, 
when positive ions are attracted to the negative grid. 

once more charges through RI. If R1 is large 
enough, the voltage across CI rises linearly 
with time up to the breakdown point. This 
voltage is used for the sweep, being coupled to 
the cathode-ray tube or to an amplifier through 
C2. The fly-back is the time required for dis-
charge through the tube, and to keep it small 
the resistance during discharge must be low. 
To obtain a stationary pattern, the "saw-

tooth" frequency can be controlled by varying 
C1 and R1 and by introducing some of the 
voltage to be observed (on the vertical plates) 
into the grid circuit of the tube. This voltage 
"triggers" the tube into operation in syn-
chronism with the signal frequency. Synchro-
nization will occur even though the signal fre-
quency is a multiple of the sweep frequency, 
provided the circuit constants and the ampli-
tude of the synchronizing voltage are properly 
adj usted. 
The voltage output of the type of circuit 

shown in Fig. 336 is limited, because the charg-
ing rate of the condenser is linear only on that 
portion of the logarithmic charging' curve 
(§ 2-6) which is practically a straight line. A 
linear charging rate over a longer period of 
time can be secured by substituting a current-
limiting device, such as a properly adjusted 
vacuum tube, for R1. 
Amplifiers — The usefulness of the oscil-

loscope is enhanced by providing amplifiers for 
both the horizontal and vertical sweep volt-
ages, thereby insuring that sufficient voltage 
will be available at the deflection plates to give 
a pattern of suitable size. With small oscillo-
scope tubes (3-inch and smaller screens) the 
voltage required for a deflection of one inch 
varies from about 30 to 100 volts, depending 
upon the anode voltages, so that an amplifier 
tube capable of an undistorted peak output 
voltage of 100 or so is necessary. (With such an 
amplifier, the voltage difference, or total volt-
age "swing," between the positive and nega-
tive peaks is 200 volts.) A résistance-coupled 
voltage amplifier (§ 3-3) having a pentode tube 
is ordinarily used because of the high gain ob-
tainable with this type of tube. The amplifier 
should be designed to have flat frequency re-
sponse over as wide a range of audio frequen-
cies as possible (§ 3-3, 5-9). Since a voltage 
gain of 100 to 150 or more is readily obtainable, 
full deflection of the beam can be secured with 
an input of one volt or less by the use of such 
an amplifier. 
Constructional considerations — An oscil-

loscope should be housed in a metal cabinet, 
both to shield the tube from stray electromag-
netic and electrostatic fields which might de-
flect the beam and also to protect the operator 
from the high voltages associated with the 
tube. It is good practice to provide an inter-
lock switch which automatically disconnects 
the high-voltage supply when the cabinet is 
opened for servicing or other reasons. 
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-{0-F. Power Generation 

41 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 
frequency and as free from spurious radiations 
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, and 
there should be no radiation on other than 
the intended frequency. The degree to which 
these requirements can be met depends upon 
the operating frequency. 
Design principles — The design of the 

transmitter 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 on medium-high 
frequencies (up to 7 Mc. 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 output 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 amplifier which delivers 
power on the frequency applied to its grid cir-
cuit is known as a straight amplifier; one which 
gives harmonic output is known as a frequency 
multiplier. An amplifier used principally to 
isolate the frequency-controlling oscillator 
from the effects of changes in load or other va-
riations in following amplifier stages is called a 
buffer amplifier. A complete transmitter there-
fore may consist of an oscillator followed by 
one or more buffer amplifiers, frequency multi-
pliers and straight amplifiers, the number 
being determined by the output frequency and 
power in relation to the oscillator frequency 
and power. The last amplifier is called the final 
amplifier, and the stages up to the last com-
prise the exciter. Transmitters usually are de-
signed to work in a number of frequency hands 
so that means for changing frequency liar-

monic steps usually is provided, generally by 
means of plug-in inductances. 
The general method of designing a transmit, 

ter is to decide upon the power output and the 
highest output frequency required, and also 
the number of bands in which the transmitter 
is to operate. The 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 and 
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 manufacturer's data. 
This sets the power required from the preced-
ing stage. From this point the same process is 
followed back to the oscillator, including fre-
quency multiplication wherever necessary. 
The selection of a suitable tube complement 
requires a knowledge of the operating char-
acteristics of the various types of amplifiers 
and oscillators. These are discussed in the 
following sections. 
At 112 Mc. and higher frequencies these 

methods of transmitter design tend to become 
rather cumbersome, because of the necessity for 
a large number of frequency multiplier stages. 
However, in this frequency region less severe 
stability requirements are imposed because the 
transmission range is limited (§ 9-5) and the 
possibility of interference to other communica-
tion is reduced. Simple oscillator transmitters, 
without frequency multiplication or buffer am-
plifiers, are widely used at 112 Mc. and above. 
Vacuum tubes — The type of tube used in 

the transmitter has an important effect on the 
circuit design. Tubes of high power sensitivity 
(§ 3-3) such as pentodes and beam tetrodes 
give larger power amplification ratios per stage 
than do triodes, hence fewer tubes and stages 
may be used to obtain the same output power. 
On the other hand triodes have certain oper-
ating advantages, such as simpler power sup-
ply circuits and relatively simpler adjustment 
for modulation (§ 5-3), and in addition are 
considerably less expensive for the seine power 
output rating. Consequently it is usually more 
economical to use triodes as output amplifiers, 
even though an extra low-power amplifier 
stage may be necessary. 
At frequencies in the region of 56 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. 

81 
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(1, 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 choice of proper circuit values and 
of adjustment than of the method by which 
feed-back is obtained. However, some circuits 
are more convenient to use than others, par-
ticularly from the standpoint of feed-back ad-
justment, mechanical considerations (whether 
the tuning condenser rotor plates can be 
grounded or not, etc.), and uniform output 
over a considerable frequency range. All sim-
ple circuits suffer from the fact that the power 
output must be taken from the frequency-
determining tank circuit, so that, aside from 
the effect of loading on frequency stability, 
the following amplifier stage also can react on 
the oscillator in such a way as to cause a 
change in the frequency. 
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Fig. 401 —Electron-coupled oscillator circuits. For 
maximum stability the grid leak, RI, should be 100,000 
ohms or more. The grid condenser should be of the order 
of 100 ;odd. and the other fixed condensers from 0.002 
pfd. to 0.1 pfd. Proper values for R2 and Rs may be 
determined from § 8-10. For maximum isolation between 
oscillator and output circuits the tube should be well 
shielded and have extremely low grid-plate capacity. 

The electron-coupled oscillator — The 
effects of 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 
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-
put is taken from 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 on the grid and cathode. Since in a 
screen-grid tube the plate voltage has a rela-
tively small effect on the plate current, the 
reaction on the oscillator frequency for differ-
ent conditions of loading is small. 

It is generally most convenient to use a 
Hartley (§ 3-7) circuit in the frequency-deter-
mining part of the oscillator. This is shown in 
Fig. 401, where LiCi is the oscillator tank cir-
cuit. The screen is grounded for r.f. through a 
by-pass condenser (§ 2-13), but has the usual 
d.c. potential. The cathode connection is made 
to a tap on the tank coil to provide feed-back. 
In the plate circuit, a resonant circuit, L2C2, 
can be connected as shown at A; it may be 
tuned either to the oscillation frequency or to 
one of its harmonics. Untuned output coupling 
is shown at B; with this method the output 
voltage and power are considerably lower than 
with a tuned plate circuit, but better isolation 
between oscillator and amplifier is secured. 

If the oscillator tube is a pentode having an 
external suppressor connection the suppressor 
grid should be grounded. This provides addi-
tional internal shielding and further isolates the 
plate from the frequency-determining circuit. 
Factors influencing stability — The causes 

of frequency instability and the necessary 
remedial steps have been discussed in § 3-7. 
These apply to all oscillators. In addition, 
in the electron-coupled oscillator the ratio of 
plate to screen voltage has marked effect 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 the cathode is above 
ground potential, means should be taken to 
reduce the effects of heater-to-cathode 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 frequency. 
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 be accomplished 
by the wiring arrangement shown in Fig. 402. 
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Fil. 
Fig. 402 — Method of operating the heater at cathode 
r.f, potential in an electron-coupled oscillator. The feed-
back coil, Ls, should have the same number of turns as 
the part of Li between ground and the cathode tap, and 
should be closely coupled to Li (preferably interwound). 
The by-pass condenser, C, should be 0.01 to 0.1 dd. 

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 best 
stability. Since oscillation is accompanied by 
grid-current flow the grid-cathode circuit 
constitutes a resistance 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 be obtained only 
by decreasing the L/C 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 on condensers and 
coils, and by winding the coil with large wire. 
With ordinary construction, the optimum tank 
capacity is of the order of 500 to 1000 µdd. 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 decreasing the loading. This can be ac-
complished through reducing the oscillator grid 
current, by using minimum feed-back to main-
tain stable oscillation and by using a high value 
of grid-leak resistance. 
A high-Q tank circuit can also be obtained 

with a higher L/C 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; also, the circulating 
r.f. current in the tank circuit is reduced so 
that drift from coil heating is decreased. How-
ever, the- circuit is complicated to some extent 
and tinder some conditions parasitic oscilla-
tions may be set up (§ 4-10). 

Plate supply—Since the oscillator fre-
quency will be affected to some extent by 
changes in plate-supply voltage, it is necessary 
that the latter be free from ripple (§ 8-4) which 
would cause frequency variations at the ripple-
frequency rate (frequency modulation). It is ad-
vantageous to use a voltage-stabilized power 
supply (§ 8-8). Since the oscillator usually is 
operated at low voltage and current, VR-,type 
gaseous regulator tubes are quite suitable. 

Power level— The self-controlled oscillator 
should be designed purely for frequency con-
trol and not to give appreciable power,output, 
hence small tubes of the 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 
advantageous mechanically, since the small 
elements are less susceptible to vibration and 
usually are securely braced to the envelope. 

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 used 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) can 
be obtained. If it is possible to vary the oscil-
lator plate voltage (an adjustable resistor of 
50,000 or 100,000 ohms in series with the plate 
supply lead will give considerable variation), 
the change in frequency with change in plate 
voltage may be observed and the operating 
conditions varied until minimum frequency 
shift results. The principal factors affecting 
dynamic stability will be the tank circuit 
L/C ratio, the grid-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 coil; critical ad-
justment is required for optimum stability. 

Drift may be checked by allowing the oscil-
lator to operate continuously from 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 
tuned plate circuit (Fig. 401-A), resonance at 
the fundamental and harmonic frequencies of 
the oscillator portion of the tube will be indi-
cated by a decrease in plate current as the plate 
tank condenser is varied. This "dip" should be 
rather marked at the fundamental, but will be 
less so on harmonic frequencies. 

(1 4-3 Piezoelectric Crystals 

Characteristics — Piezoelectric crystals 
(§ 2-10) are universally used for controlling 
the frequency of transmitting oscillators, be-
cause the extremely high Q of the crystal and 
the necessarily loose coupling between it and 
the oscillator tube make the frequency stabil-
ity of a crystal-controlled oscillator very high. 
Active plates may be cut from a raw crystal at 
various angles to its electrical, mechanical and 
optical axes, resulting in differing characteris-
tics as to thickness, frequency-temperature 
coefficient, power-handling capabilities, etc. 
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The commonly used cuts are designated as 
X, Y, AT, V, and LD. 
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 which the transmitter is to operate. 
Frequency-thickness ratio — Crystals 

used for transmitting purposes are so cut 
that the thickness of the crystal is the fre-
quency-determining factor, the length and 
width of the plate being of relatively minor im-
portance. For a given crystal cut, the thickness 
and frequency are related by a constant, k; that 
is, 

F = — 
t 

where F is the frequency in megacycles and t 
is the thickness of the crystal in thousandths 
of an inch. For the X-cut, k = 112.6; for the 
Y-cut, k =-- 77.0; for the AT-cut, k = 66.2. 
At frequencies above the 7-Mc, region the 

crystal becomes very thin and correspondingly 
fragile, so that crystals seldom are manufac-
tured for operation much above this frequency. 
Direct crystal control on 14 and 28 Mc. is se-
cured by use of "harmonic" crystals, which 
are ground to be active oscillators when ex-
cited at the third harmonic of the frequency 
represented by their thickness. 
Temperature coefficient of frequency — 

The resonant frequency of a crystal will vary 
with its temperature, to an extent depending 
upon the type of cut. The frequency-tempera-
ture coefficient is usually expressed in the num-
ber of cycles frequency change per megacycle 
per degree Centigrade temperature change, and 
may be either positive (increasing frequency 
with increasing temperature) or negative (de-
creasing frequency with increasing tempera-
ture). X-cut crystals have a negative coefficient 
of 15 to 25 cycles/megacycle/degree C. The co-
efficient of 1-cut crystals may vary from — 20 
cycles/megacycle/degree C. to 100 cycles/ 
megacycle/degree C. The AT, V and LD cuts 
have very law coefficients. Y-cut crystals fre-
quently "jump" to another frequency when 
the temperature is changed rather than gradu-
ally changing frequency as the nominal co-
efficient might indicate, and hence are rather 
unreliable under temperature variations. 
The temperature of a crystal depends not 

only on the temperature of its surroundings 
but also on the power it must dissipate while 
oscillating, since power dissipation causes 
heating (§ 2-6, 2-8). Consequently, the crystal 
temperature in operation may be considerably 
above that of the surrounding air. To minimize 
heating and frequency drift (§ 3-7), the power 
dissipated must be kept to a minimum. 
Power limitations — If the crystal is made 

to oscillate too strongly, as when it is used in 
an oscillator circuit with high plate voltage 
and excessive feed-back, the amplitude of the 
mechanical vibration will become great enough 

to crack or puncture the quartz. An indication 
of the vibration amplitude can be obtained by 
connecting an r.f. current-indicating device of 
suitable range in series with the crystal. Safe 
r.f. crystal currents range from 50 to 200 mil-
liamperes, depending upon the type of cut. A 
flashlight bulb or dial light of equivalent cur-
rent rating makes a good current indicator. By 
choosing a bulb of lower rating than the cur-
rent specified by the manufacturer as safe for 
the 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 
60-ma. and 100-ma, bulbs frequently are used 
for this purpose. High crystal current is ac-
companied by increased power dissipation and 
heating, so that the frequency change also is 
greatest when the crystal is overloaded. 

Crystal mountings — To make use of the 
crystal, it must be mounted between two metal 
electrodes. There are two types of mountings, 
one having a small air-gap between the top 
plate and the crystal and the other maintaining 
both plates in contact with the crystal. It is es-
sential that the surfaces of the metal plates in 
contact with the crystal be perfectly flat. In 
the air-gap type of holder, the frequency of 
oscillation depends to some extent upon the 
size of the gap. By using a holder having a top 
plate with closely adjustable spacing, a con-
trollable frequency variation can be obtained. 
A 3.5-Mc, crystal will oscillate without very 
great variation in power output over a range of 
about 5 kc. X- and 1-cut crystals are not 
generally suitable for this type of operation, be-
cause they have a tendency to "jump" in fre-
quency 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, thereby reducing 
temperature effects. Different 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. 

Xtal. 
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Fig. 403 — Triode crystal oscillator. The tank con-
denser, CI, may be a 100-midd. variable, with Li propor-
tioned so that the tank will tune to the crystal frequency. 
C2 should be 0.001 pfd. or larger. The grid leak, RI. 
will vary with the type of tube; high-s tubes take values 
of 2500 to 10,000 ohms, while medium and low-5 types 
take values of 10,000 to 25,000 ohms. A small flashlight 
bulb or r.f. milliammeter (1 4-3) may be inserted at X. 
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Fig. 404 — Tetrode or pentode crys al oscillator. Typi-
cal values: CI, 100 gpfd., with L wound to suit fre-
quency; Cs, C), 0.001 dd. or larger; C4, 0.01 Add.; RI, 
10,000 to 50,000 ohms, best value being determined by 
trial for the plate voltage and operating conditions 
chosen; lia, 250 to 400 ohms. 112 and C4 may be omitted, 
connecting cathode directly to ground, if plate voltage is 
limited to 250 volts. C2 (if needed) may be formed by 
two metal plates 34-inch square spaced Wi inch. If the 
tube has a suppressor grid, it should be grounded. X 
indicates where a flashlight bulb-may be inserted (14-3). 

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). 
Te trade 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. The pentode and tetrode 
tubes designed for audio power work are ex-
cellent 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, Cs, may be required. Its capacity 
should be the lowest value which will give stable 
oscillation; 1 or 2 apfd. is generally sufficient. 

Circuit constants — Typical values for 
grid-leak resistances and by-pass condensers 
are given in Figs. 403 and 404. Since the 
crystal is the frequency-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 typical 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 oscillator is delivering power to 
a load it is best to operate in the region B-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 operation is too 
near the critical point, A. 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 the 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 vs. 
plate tuning capacity 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, hence 
there is less crystal heating when the oscillator 
is delivering power than when it is unloaded. 
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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. 

Pierce oscillator — This circuit is shown in 
Fig. 406. It is equivalent to the ultraudion cir-

Fig. 406 —Pierce oscillator circuit. Tubes such as the 
6C5 and 6F6 are suitable, operating at plate voltages 
not exceeding 300 to prevent crystal fracture. NN hen a 
triode is used, R3 and C4 are omitted. RI should be 
25,000 to 50,000 ohms. 1000 ohms is recommended for 
R2. Rs is the screen voltage dropping resistance (75,000 
ohms for the 6F6). CI may have any value between 
0.001 and 0.01 dd. C2 and C4 should be 0.01 gfd. Cr, 
the regeneration capacity, must be determined by ex-
periment; usual values are between 50 and 150 add. 
The capacity of Ca should be adjusted so that the oscil-
lator is not overloaded; usually 100 add is satisfactory. 

cuit (§ 3-7), with the crystal replacing the tuned. 
circuit. Although the output of the Pierce 
oscillator is relatively small, it has the ad-
vantage that no tuning controls are required. 
The circuit requires capacitive coupling to a 
following stage. The amount of feed-back is de-
termined by the condenser, Ca. To sustain 
oscillation, the net reactance (§ 2-8) of the 
plate-cathode circuit must be 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. 

el 4-5 Harmonic-Generating Crystal 
Oscillators 

Tri-tet oscillator —The Tri-tet oscillator 
circuit is shown in Fig. 407. 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 the " buffering" feature of electron-
coupling between crystal and output 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 and danger of fracturing the crystal. 
The cathode tank circuit, LICI, is not tuned 

to the frequency of the crystal, but 'to a con-
siderably higher frequency. Recommended 
values for L1 are given under the diagram. C1 
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. The latter 
method will give somewhat higher output than 
with the suppressor connected to ground. 

With transmitting pentodes or beam tubes 
operated at 500 volts on the plate an output of 
15 watts can be obtained on the fundamental 
and very nearly as much on the second har-
monic, or enough to drive directly an amplifier 
of moderate power. 
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Fig. 407 — Tri-tet oscillator circuit, using pentodes (A) 
or beam tetrodes (B). CI and C2 are 200-add. variable 
condensers. Ca, CI, Ca, C8, may be 0.001 to 0.01 dd.; 
their values are not critical. RI, 20,000 to 100,000 ohms. 
R2 should be 400 ohms for 400- or 500-volt operation. 
The following specifications for the cathode coils, LI, are 
based on a diameter of 134 inches and a length of 1 inch; 
turns should be spaced evenly to fill the required length: 
for 1.75-Mc. crystal, 32 turns; 3.5 Mc., 10 turns; 7 
Mc., 6 turns. The screen should be operated at 250 volts 
or less. Audio beam tetrodes such as the 6L6 and 6L6G 
should be used only for second-harmonic output. A flash-
light bulb may be inserted at the point 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 µdd. for second harmonic output. 
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Fig. 408 — Grid-plate crystal oscillator circuit. In the 
cathode circuit, RFC is a 2.5-mh. r.f. choke. Other con-
stants are the same as in Fig. 407. A crystal-current in-
dicator may be inserted at the point marked X (§ 4-3). 

Grid-plate oscillator — In the grid-plate 
oscillator Fig. 408, the crystal is connected be-
tween grid and ground and the cathode tuned 
circuit, C2RFC, is tuned to a frequency lower 
than that of the crystal. This circuit gives high 
output on the fundamental crystal frequency 
with low crystal current. The output on even 
harmonics (2nd, 4th, etc.) is not as great as 
that obtainable with the Tri-tet, but on odd 
harmonics (3rd, 5th, etc.) the output is ap-
preciably better. 

If harmonic 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 critical. 
Output power of 15 to 20 watts at the crystal 

fundamental may be obtained with a tube 
such as the 6L6G at plate and screen voltages 
of 400 and 250, respectively. 
Tuning and adjustment — 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 dip in plate cm - 
rent, indicating that the plate circuit is in 
resonance. The crystal should be oscillating 
continuously, regardless of the setting of the 
plate condenser. Set 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 will rise; it may be neces-
sary to retune the plate condenser when the load 
is coupled to bring the plate current to a new 
minimum. Fig. 409 shows the typical behavior 
of plate current with plate-condenser tuning. 

After the plate circuit is adjusted and the 
oscillator is delivering power, the cathode 
condenser should be 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 through the crystal 
and thus reduces heating. 

For harmonic 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 harmonic. If the 

cathode condenser is adjusted for maximum 
output at the harmonic, this adjustment will 
usually serve for the fundamental as well. The 
crystal should be checked for excessive heating, 
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 condenser is used, it should be 
set to give, by observation, the maximum 
power output consistent with safe crystal cur-
rent. The variable condenser is useful chiefly in 
increasing the output on the third and higher 
harmonics; for • fundamental operation, the 
cathode capacity is not critical and the fixed 
condenser may be used. 

(f. 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 the plate circuit of one tube (the driver) 
to the grid circuit of the following amplifier 
tube or frequency multiplier. The circuits in 
practical use are based on the fundamental 
coupling arrangements described in § 2-11. In 
the process of power transfer, 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. 

tt, z0,27)(7P--
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TUNING CAPACITY 

Fig. 409 — Curves show-
ing d.c. plate current vs. 
plate tuning capacity, 
both with and without 
load, for the Tri-tet oscil-
lator. The setting for 
minimum plate current 
may shift with loading. 

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 F, 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. 
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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/C ratio in circuits 
for frequencies above about 7 Mc. 
Link coupling— At the higher frequencies 

it is advantageous in reducing the effects of 
tube capacities on the L 1C 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 
has some constructional advantages, in that 
separate parts of the transmitter may be con-
structed as separate units without the neces-
sity for running long leads at high r.f. potential. 

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 

DRIVER AMR 

DRIVER AMP 

(c) +8 

AMP 

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, 
split into two parts which can be pulled apart 
or closed 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. 

11 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 oscil-
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+B -C (F) +B -C 

DRIVER AMP 

AMP 

Fig. 410 —Direct. or capacity-coupled driver and amplifier stages. The coupling capacity may be from 50 ppfd. 
to 0.002 µM.; it is not critical except where tapping the coils for control of excitation is not possible. Parallel 
plate feed to the driver and series grid feed to the amplifier may be substituted in any of the circuits (1 3-7). 
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Fig. 411 — Link coupling between driver and amplifier. 

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. Tetrodes 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 tet-
rocles, 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 means external to the 
tube itself. This calls 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 
by keeping the circuits well separated and 
mounting the coils so that magnetic coupling 
is minimized, or by 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). 

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 capacity 
of the tube, thus rendering it impossible for the 
tube to supply its own excitation. For com-
plete neutralization, the two currents must be 
opposite in phase (§ 2-7) and equal in ampli-
tude. 
The out-of-phase current (or voltage) can be 

obtained quite readilS, 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 same 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 termed grid-
neutralized circuits, while if the neutralizing 
voltage is obtained from a balanced plate tank 
and fed to the grid of the tube the circuit is 
plate-neutralized. 

Plate-neutralized circuits — The circuits 
for plate neutralization are shown in Fig. 413 
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Fig. 412 — Typical tetrode-pentode r.f. amplifier circuits. 
— 0.01 dd. C2 — 0.001 pfd. Ca-L —  see 1 4-8. 

In circuits for tetrodes, the suppressor-grid connection 
and its associated by-pass condenser are omitted. 
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Fig. 413 — Neutralized triode amplifier circuits. Plate neutralization is shown in A, B and C, while D, E and F 
show types of grid neutralization. Either capacitive or link coupling may be used with the circuits of A, B or C. 
C- L —See § 4-8. C,-L, — Grid tank circuit. G — Neutralizing condensers. CI — 0.01 µM. C2 — 0.001 ad. 

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. In this circuit, the capacity required 
at C„ increases as the tank coil extension is 
made smaller; 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 case. 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 capacity changes 
caused by bringing the hand near the tuning 
control (hand capacity) cause detuning. In gen-
eral, neutralization is complete at only one 
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 the 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 

compensating capacity (Fig. 414) is connected 
across the lower section. In practice, if the ca-
pacity in use in the tank circuit is large com-
pared to the plate-cathode 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 same as 
in plate neutralization. However, in these cir-
cuits the feed-back voltage may be either in 
phase or out of phase with the excitation volt-
age on the grid side of the input tank circuit 
(and the opposite on the other side) depending 
upon whether the tank is divided by means of 
a balanced condenser or a tapped coil. Cir-
cuits such as those at D and E, neutralized by 
ordinary procedure (described below), will be 
regenerative when the plate voltage is applied; 
the circuit at F will be degenerative. In addi-
tion the normal unbalancing effects previously 
described are present, so that grid neutralizing 
is less satisfactory than the plate method. 

Fig. 414— Compensating for unbalance in the single-
tube neutralizing circuit. G, the balancing condenser, 
has a maximum capacity somewhat larger than the tube 
output capacity. It is adjusted so the neutralizing con-
denser need not be changed when frequency is shifted. 



Radio-Frequency Power Generation 91 

Fig. 415 — Inductive neutralizing circuit. The link coils 
are of one or two turns coupled to the grounded ends of 
the tank coils. Neutralization is adjusted by moving the 
link coils in relation to the tank coils. Reversal of con-
nections to one coil may be required for proper phasing. 

Inductive neutralization — With this type 
of neutralization, inductive coupling between 
the grid and plate circuits is provided in such a 
way that the voltage induced in the grid coil by 
magnetic coupling from the plate coil opposes 
the voltage fed back through the grid-plate 
capacity of the tube. A representative circuit 
arrangement, using a coupling link to provide 
the mutual inductance (§ 2-11), is shown in 
Fig. 415. Ordinary inductive coupling between 
the two coils also could be used, but it is less con-
venient. Inductive neutralization is complete 
only at one frequency since the effective mutual 
inductance changes to some extent with tuning, 
but is useful in cases where the grid-plate ca-
pacity of the tube being neutralized is very small 
and suitable circuit balance cannot be obtained 
with circuits using neutralizing condensers. 
Push-pull neutralization — With push-

pull circuits two neutralizing condensers are 
used, as shown in Fig. 416. In these circuits, the 
grid-plate capacities of the tubes and the neu-
tralizing capacities form a capacity bridge 
(§ 2-11) which is independent of the grid and 
plate tank circuits. The neutralizing capacities 
are approximately the same as the tube grid-
plate capacities. With electrically 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 at B, is preferred, since it is an aid 
in obtaining good circuit balance. 
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 become 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, with 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 

tube, so that for perfect balance the capacity 
required in the neutralizing condenser theoret-
ically will be 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 the 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 be 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 fi•ora the pre-

Fig. 416 —"Cross-neutralized" push-pull r.f. amplifier 
circuits. Either capacitive or link coupling may be used. 
C-L — See § 4-8. C,, — Neutralizing condensers. 
— 0.01 dd. C2— 0.001 dd. or larger. 
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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 through resonance will change the tuning of 
the grid circuit and affect its loading, causing a 
change in the rectified d.c. grid current. The 
setting of the neutralizing condenser which 
leaves the grid current unaffected as the plate 
tank is tuned through resonance is the correct 
one. If the circuit is out of neutralization, the 
grid current will drop perceptibly as the plate 
tank is tuned through resonance. As the point 
of neutralization is approached, by adjusting 
the neutralizing 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 hand-capacity 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 

Driver 
Amp. 

+13 + — +B 

Fig. 417— Inverted amplifier. The number of turns at 
L should be adjusted by experiment to give optimum grid 
excitation. By-pass condenser C is 0.001 dd. or larger. 

neon bulb to such an ungrounded point in the 
circuit may introduce enough stray capacity 
to unbalance the circuit slightly, thus upsetting 
the neutralizing. 
A flashlight bulb connected in series with a 

single-turn loop of wire 2 or 3 inches in 
diameter, with the loop coupled to the tank 
coil, also will serve as a neutralizing indicator. 
Capacitive unbalance can be avoided by 
coupling the loop to the low-potential part of 
the tank coil. 
Incomplete neutralization—If 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 tube itself. Short leads in neutralizing 
circuits are highly desirable, and the input 
and output inductances should be so placed 
with respect to each other that magnetic 
coupling is minimized. Usually this requires 
that the axes of the coils must be at right 
angles to each other. In some cases it may be 
necessary to shield the input and output cir-
cuits from each other. Magnetic coupling can 
be detected by disconnecting the plate tank 
from the remainder of the circuit and testing 
for r.f. in it (by means of the flashlight lamp 
and loop) as the tank condenser is tuned 
through resonance. The driver stage must be 
,operating while this is done, of course. 

With single-ended amplifiers there are many 
stray 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 the only way to obtain practically 
perfect balance throughout the amplifier. 
The neutralization of tubes with extremely 

low grid-plate capacity, such as the 6L6, is 
often difficult, since 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 condition. 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 capacity, 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 degenerative with the circuit constants 
normally used, hence more excitation voltage 
and power are required for a given output than 
is the case with a neutralized amplifier. The 
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Fig. 418— 418 —Instantaneous voltages and currents in a 
Class-C amplifier operating under optimum conditions. 

tube used must have low plate-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 
pentodes, for example) can be used without 
danger of oscillation at frequencies up to 30 
Mc. or so. 

di 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 be applied to 
the tube without exceeding the plate dissipa-
tion rating (§ 3-2), up to the limits of other 
tube ratings (plate voltage and plate current). 
Plate efficiencies of the order of 75 per cent are 
readily obtainable at frequencies up to the 
30-60-Mc. region. The overall 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 than the plate efficiency. 
Operating angle — The operating angle is 

the proportionate part of the exciting grid-
voltage cycle (§ 2-7) during which plate cur-
rent flows, as shown in Fig. 418. For Class-C 
operation, it is usually in the vicinity of 120-150 
degrees. With other operating considerations, 
this angle results in an optimum relationship be-
tween plate efficiency and 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 resistance at the operating 
frequency (§ 2-10). Its value, which usually is 
in the neighborhood of a few thousand ohms, is 
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 accompanied 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 voltage re-
quired to cause the peak plate current 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 cent of the d.c. plate voltage, 
so that the maximum instantaneous positive 
grid voltage must be approximately the same 
figure. Since plate current starts flowing when 
the instantaneous voltage reaches the cut-off 
value (§ 3-2), the d.c. grid voltage must be con-
siderably higher than cut-off to confine the 
operating angle to 150 degrees or less (with grid 
bias at cut-off, the angle would be 180 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 corresponding figure 
for an angle of 150 degrees is 25 per cent. Hence, 
the operating bias required is the cut-off value 
plus 25 to 50 per cent of the peak r.f. grid volt-
age. These relations are shown in Fig. 418. The 
grid bias should be at least twice cut-off if the 
amplifier is to be plate modulated, so that the 
operating angle will be not less than 180 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 tubes Class-C operation requires con-
siderably more than twice cut-off bias to make 
the operating angle fall in the region mentioned 
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. 418, 
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 therefore is 
approximately equal to the peak r.f. grid volt-
age multiplied by the average rectified grid 
current as read by a d.c. 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, 
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-
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ciable, together with 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 of 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 during the r.f. cycle. 
Grid impedance— During most of the r.f. 

grid-voltage cycle no grid current is flowing, as 
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 extent on the amplification factor 
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Fig. 419 — Chart showing tank capacities required 
for a Q of 12 with various ratios of plate voltage to 
plate current, for various frequencies. In circuits F, G, 
II (Fig. 420), the capacities shown in the graph may be 
divided by four. In circuits C, D, E, I, J and K, the 
capacity of each section of the split-stator condenser 
may be one-half that shown by the graph. The values 
given by the graph should be used for circuits A and B. 

of the tube, being lower with tubes having large 
amplification factors. 
The average grid impedance is equal to E'2/P, 

where E is the r.m.s. (§ 2-7) value of r.f. 
grid voltage and P is the grid driving power. 
Under optimum operating conditions, values of 
average grid impedance ranging from 2000 ohms 
for high-a tubes to four or five times as much 
for low-a 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 that the tank 
circuit associated with the amplifier grid have 
fairly high Q, 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 (§ 4-6). 

Tank-circuit Q —Besides 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 of the non-sinusoidal 
plate current (§ 2-7, 3-3). For satisfactory har-
monic suppression, a Q of 12 or more (with the 
circuit fully loaded) is desirable. A Q of this 
order also is helpful from the standpoint of 
securing adequate coupling to the load or an-
tenna circuit (§ 2-11). The proper Q can be ob-
tained by suitable selection of L/C ratio in 
relation to the optimum plate load resistance 
for the tube (§ 2-10). 

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 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 total 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 add. in a single-
ended circuit at the desired frequency, only 50 
add. 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 petfd., the total capacity of the two in series 
being 50 1.tpfd. 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 and condenser should be 
high. Since transmitting coils usually have Qs 
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Fig. 420 — In circuits A, B, C, D and E, the peak voltage E will be approximately equal to the d.c. plate voltage 
applied for c.w. or twice this value for 'phone. In circuits F, G, H, i, 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 H require that the tank condenser 
be insulated from chassis or ground and that it be provided with a suitably insulated shaft coupling for tuning. 

ranging from 100 to several hundred, the tank 
transfer efficiency generally is 90 per cent or 
more. An unduly large CIL ratio is not advisa-
ble since it will result in large circulating r.f. 
tank current and hence relatively large losses 
in the tank, with 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, th z: inductance required to resonate 
at the given frequency can be found by means 
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 inches and 
ceramic forms having a diameter of 1% 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 
case of 14- and 28-Mc, coils when 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 between 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 

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 
dd. 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-
poses should have voltage ratings 25 to 50 per 
cent greater than the maximum d.c. or a.c. 
voltage across them. 

Interstage coupling condensers should have 
voltage ratings 50 to 100 per cent greater than 
the sum of the driver plate and amplifier grid-
biasing voltages. 
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Fig. 422 — Coil-winding data for ceramic transmit-
ting-type forms. Curve A — ceramic form 44-inch 
effective diameter, 26 grooves, 7 per inch; Curve B — 
same as A, but with turns wound in alternate grooves; 
Curve C — ceramic form 2%-inch effective diameter, 
32 grooves, 7.1 turns per inch, approximately; Curve 
D — ceramic form 4-inch effective diameter, 28 grooves, 
5.85 turns per inch, approximately; Curve E — ceramic 
form 5-inch effective diameter, 26 grooves. 7 per inch. 
Coils may be wound with either No.12 or No. 14 wire. 

E. 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 with minimum 
driver loading. The amplifier grid circuit rep-
resents the load on the driver, and the average 
grid impedance must 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 B, unless the grid impedance 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 with minimum driver load-
ing should be determined experimentally by 
moving the tap. Should both plate and grid be 
connected to the end of the circuit it is some-, 
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. 

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 minimum 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 
the 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 be increased to a 
suitable value by adjustment of the L/C ratio 
or by tapping the load across part of the coil 
(§ 2-10). 
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.c. 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 
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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 condi-

tions 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 "dip" will not be very 
marked, but with adequate excitation the 
plate current at resonance without loading will 
be just high enough so that the d.c. plate 
power input supplies all the losses in the tube 
and circuit. As an indication of probable effi-
ciency, the minimum plate current value 
should not be taken too seriously, because 

without load the Q of 
the circuit is high and 

Loaded the tank current rela-
g tively large. When 

the amplifier is de-
,e Unloaded livering power 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 
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). 

TUNING CAPACITY 

Fig. 423 — Typical behav-
ior of d.c. plate current 
vs. tuning capacity in the 
plate circuit of an amplifier. 

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 non-inductive (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) = PR 
where I is the current indicated by the thermo-
ammeter and R is the resistance of the non-
inductive resistor. Special resistance units are 
available for this purpose, ranging from 73 to 
600 ohms (simulating antenna and transmis-
sion-line impedances) at power ratings up to 
100 watts. For •higher powers, the units may be 
connected in series-parallel. The meter scale 
required for any expected value of power out-
put may also be determined from Ohm's Law: 

JR 
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 

Tank 
Circuii 

Tank 
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Fig. 424 — "Dummy antenna" circuits for checking 
power output and making operating adjustments un-
der load without applying power to the actual antenna. 
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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 radiated 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 in this respect may be 
nullified unless the Q of the grid tank is high 
enough to give good voltage regulation, which 
minimizes harmonic transfer and thus pre-
vents distortion in the grid circuit. 
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. 

No Connections 
here ) 

Conductors .1 
joined here 

Should this occur, there would be magnetic 
shielding as well as electrostatic; in addition, 
there would be a power loss in the shield. 
Improper operation — Inexact 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 output 
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-oscillation is apt to occur with tubes of 
high power sensitivity, such as the r.f. pentodes 
and tetrodes. In event of either regeneration 
or oscillation, circuit components should be 
arranged so that those in the plate circuit are 
well isolated from those of the grid circuit. 
Plate and grid leads should be made as short 
as possible and the screen should be by-passed 
as close to the socket terminal as possible. A 
cylindrical shield surrounding the lower portion 
of the tube up to the lower edge of the plate is 
sometimes required. 
"Double resonance," or two tuning spots on 

the plate-tank condenser, one giving minimum 
plate current and the other maximum power 
output, may occur when the tank circuit Q is 
too low (§ 2-10). A similar effect also occurs 
at times with screen-grid amplifiers when the 
screen-voltage regulation (§ 8-1) is poor, as 
when the screen is supplied through a dropping 
resistor. The screen voltage decreases with an 
increase in plate current, because the screen 
current increases under the same conditions. 
Thus the minimum plate-current point causes 
the screen voltage, and hence the power output, 
to be less than when a slightly higher plate 
current is drawn. 
A phenomenon known as "grid emission" 

may occur when the amplifier tube is oper-
ated at higher than rated power dissipation on 
either the plate or grid. It is particularly likely 
to occur with tubes having oxide-coated cath-
odes, such as the indirectly heated types. It is 
caused by the grid reaching a temperature high 
enough to cause electron emission (§ 2-4). 
The electrons so emitted are attracted to the 
plate, further increasing the power input and 
heating, so that grid emission is characterized 
by gradually increasing plate current and heat 
which eventually will ruin the tube if the power 
is not removed. Grid emission can be prevented 
by operating the tube within its ratings. 

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 be used, spaced about the 
diameter of the wire or rod. 
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4-10 Parasitic Oscillations 

Description—If the circuit conditions in 
an oscillator or amplifier are such that self-
oscillation exists at some frequency other than 
that desired, the spurious oscillation is termed 
parasitic. The energy required to maintain a 
parasitic oscillation is wasted so far as useful 
output is concerned, hence an oscillator or 
amplifier having parasitics will operate at re-
duced efficiency. In addition, its behavior at 
the operating frequency often will be erratic. 
Parasitic oscillations may be either higher or 
lower in frequency than the operating frequency. 
The parasitic oscillation 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 other 
times the oscillation may not be self-sustaining, 
becoming active only in the presence of excita-
tion. It may be apparent only by the produc-
tion of abnormal key clicks (§ 6-1) over a wide 
frequency range, or 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 tuned-plate tuned-grid type, 
the tuned circuits being formed by r.f. chokes 
and associated by-pass and coupling condens-
ers, with the regular tank tuning condensers 
having only a minor effect on the oscillation. 
The operating-frequency tank coil has negligi-
ble inductance for such low frequencies and 
may be short-circuited without affecting the 
oscillations. The oscillations do not occur when 
no r.f. chokes are used, hence 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, where chokes must be used 
in both plate and grid circuits, it is helpful 
to connect an unby-passed grid leak from the 
choke to the bias supply or ground, thus placing 
the resistance in the parasitic circuit and tend-
ing to prevent oscillation. When the driver 
plate circuit has parallel feed and the amplifier 
grid circuit series feed (§ 3-7) this type of os-
cillation cannot occur if no choke is used in the 
series grid circuit, since the grid is grounded 
through the tank coil for the parasitic frequency. 

Parasitics 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-B, a parasitic oscilla-
tion may be set up if the amplifier 
grid is tapped down on the 
grid (or driver plate) tank circuit 
for adjustment of driver-amplifier 

Fig. 426 — Methods of using the Fara-
day shield. Two are required with a push-
pull or balanced tank circuit. The shield 
should be larger than the diameters of 
the coupled coils and placed between 
them so each is isolated from the other. 

coupling (§ 4-6). In this case 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 than the nominal 
operating' frequency. Such an oscillation can 
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. 413-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 circuit, formed 
by leads connecting the various components, 
may be either the t.p.t.g. or ultraudion type. 
The frequency of such oscillations may be 

determined by connecting a tuned circuit in 
series with the grid lead to the tube. A variable 
condenser (50 or 100 µdd.) may be used, in 
conjunction with three or fout 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 oscillations cease. 
If this point is not found on the 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 either the plate or 
grid circuit. Since this type of oscillation occurs 
most frequently with 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 sufficient 
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 parasitics, the plate current 
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Fig. 427 — Frequency -multiplying circuits. A is for 
triodes, used either singly or in parallel. The push-
push doubler is shown at B. Any type of coupling may 
be used between the grid circuit and the driver. Ci 
should be 0.01 dd. or larger; Ci, 0.001 dd. or larger 

will remain steady as the tank condensers are 
varied; also, there will be no grid current and 
a neon bulb touched either to the plate or 
grid will show no glow. Care must be used not 
to let the hand come in contact with any metal 
parts of the transmitter in 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 
and grid circuits, one of them should be short-
circuited to determine if the oscillation 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 
oscillation, the grid 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, hence may be eliminated from 
consideration if this 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 whole tank circuit, 
whereupon the oscillation will cease. 
Some indication of the 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 same tests should be applied to determine 
the parasitic frequency. 

As a final test, the transmitter should be put 
on the air and a nearby receiver tuned over 
as wide a frequency range as possible to locate 
any off-frequency signals associated with the 
radiation. Parasitics usually can be recognized 
by their poor stability as contrasted to the nor-
mal harmonics, which will have the same 
stability as the fundamental signal as well as 
the usual harmonic relationship. Harmonics 
should be quite weak compared to the funda-
mental frequency, whereas parasitic oscilla-
tions may have considerable strength. 

E. 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-A. For screen-grid multi-
pliers, the circuit is the same as in Fig. 412-A. 
Under usual conditions the plate efficiency of a 
frequency multiplier drops off rapidly with an 
increase in the number of times 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" doubler) is shown in Fig. 427-B. 
The grids of the tubes are in push-pull and the 
plates in parallel, thus the plate tank receives 
two pulses of plate current for each cycle of 
excitation frequency. The circuit is similar to 
the full-wave rectifier (§ 8-3) where the ripple 
frequency is twice the applied frequency. 

Push-pull amplifiers are suitable for fre-
quency multiplication at odd harmonics, but 
are unsuited to even harmonic multiplication 
because the even harmonics are largely bal-
anced out in the tank circuit (§ 3-3). 
Operating conditions 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 obtaining for 
normal Class-C 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-
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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 d.c. 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 for straight-through ampli-
fication with the same plate efficiency. 

Greater output can be secured by using a 
larger operating angle (lower grid bias) or 
lower plate load resistance to increase the plate 
current, but this is accompanied by a decrease 
in efficiency. Since operation described in the 
preceding paragraph is below the maximum 
plate dissipation rating of the tube, decreased 
efficiency usually can be tolerated in the inter-
ests of securing more power output. In practice, 
an efficiency of 40 to 50 per cent is average. 
The tank circuit should have reasonably 

high Q (12 is satisfactory) to give good output 
voltage regulation (§ 4-9), since a plate-current 
pulse occurs only once every two cycles of out-
put 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 
aid in reducing the average d.c. plate current. 
The grid impedance of a frequency multi-

plier is considerably higher than that of a 
straight amplifier, because of the high bias 
voltage. The average impedance can be calcu-
lated as previously described (§ 4-8). The 
LIC 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, so long as it is not made too 
high (Q too low) to permit adequate coupling 
between the grid tank circuit and the driver 
stage. It may be necessary to step up the driver 
output voltage to obtain sufficient r.f. grid volt-
age for the doubler; this may be done by tap-
ping the driver plate on its tank circuit, when 
capacity coupling is used, or by similar tapping 
or 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 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. 

(t 4-1/ Very-Higli-Frotoéacy Oscillators 
Linear circuits— At very high frequencies 

tube interelectrode capacities become of in-
creasing importance, so that eventually the in-
ductance of the shortest possible straight wire 
connection between elements, in conjunction 
with internal leads and capacities, represents 
the highest possible frequency to which the 
tube can be tuned. The tube usually will not 
oscillate up to this limit because of dielectric 
losses in the seals and other loading effects 
(§ 7-6). With most small tubes of ordinary con-
struction, the upper limit of oscillation is in the 
region of 150 Mc.; for higher frequencies, spe-
cial v.h.f. tubes having low interelectrode capa-
cities and low internal lead inductance are 
used. Only a few types are capable of develop-
ing more than a few watts at 300 Mc. and higher. 
Although ordinary coil and condenser tank 

circuits can be used at frequencies as high as 
112 Mc., the Q of such circuits is low at very-
high frequencies because of increased losses, 
so that both stability and efficiency are poor. 
For this reason special tank circuits of the lin-
ear type (§ 2-12) are preferable. These may be 
any multiple of a quarter wave in length, the 
stability increasing with the number of quarter 
waves. The quarter-wave line is more generally 
used, however, because of the considerable 
space required for longer lines. At 112 Mc. 
it is also possible to build high-Q tank circuits 
with lumped constants, not in the form of ordi-
nary coils and condensers but with large con-
ducting surfaces to reduce resistance. 
The oscillator circuits used are the same in 

principle as on the lower frequencies (§ 3-7), 
although frequently modified considerably to 
compensate for inherent capacities and induc-
tances which are negligible at lower frequencies. 
Two-conductor lines — The quarter-wave 

two-conductor open line is equivalent to a 
resonant circuit (§ 2-12) and can be used as the 
tank circuit (§ 3-7) in an oscillator. It should 
be used as a balanced circuit to avoid unequal 
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Fig. 428 — Single-tube line oscillator. The grid con-
denser, CI, may be 50 pad.; grid leak, RI, 5000 to 50,000 
ohms depending upon the type of tube. The choke, 
RFC, will in general consist of relatively few turns (20 
to 50) wound to a diameter of Yi inch, although dimen-
sions will change considerably with the frequency. By-
pass condensers should be small in physical size, to re-
duce lead inductance; 500 mild. is a satisfactory value. 
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currents in the two conductors and consequent 
loss of Q because of radiation. 
A typical oscillator circuit of the ultraudion 

type is shown in Fig. 428. The resonant line is 
usually constructed of copper tubing to reduce 
resistance and provide a mechanically stable 
circuit. The line should be approximately a 
quarter-wavelength long. Frequency can be 
changed by moving the shorting bar to change 
its effective length. 
The tube elements preferably should be 

tapped down on the line, as shown, to reduce 
the loading effect and thus prevent an undue 
decrease in Q. These taps should be close to the 
shorted end of the line, since the frequency sta-
bility will be better under these conditions. 
The coils in the filament circuit (L) are fre-

quently required at 112 Mc. and higher to com-
pensate for the effects of the inductance of 
connecting leads, which in many cases are long 
enough to cause appreciable phase shift 2-7). 
The effective length of the filament circuit 
should be approximately M wavelength, to 
bring the filament to the same potential as the 
shorted ends of the lines. The proper induct-
ance must be determined by experiment, the 
coils being adjusted for optimum stability 
and power output. 
The oscillation frequency also may be ad-

justed 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, 
however, and this, together with the additional 
loss in the condenser, causes a marked decrease 
in the Q of the line. These effects will be less if 
the condenser is connected down on the line 
rather than at the open end. Tapping down 
also gives greater bandspread effect (§ 7-7). 
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Push-pull oscillators—It is often advan-
tageous to use a push-pull oscillator circuit at 
very-high frequencies, not only as a means to 
secure more power output than can be ob-
tained from one tube but also because better 
circuit symmetry is possible with open lines. 
Fig. 429 shows a typical push-pull circuit of 
the t.p.t.g. (§ 3-7) type. The grid line is usually 
operated as the frequency-controlling circuit, 
since it is not associated with the load and 
hence its Q can be kept high. The same adjust-
ment considerations apply as in the case of the 
single-tube oscillator described in the preced-
ing paragraph. The grid taps in particular 
should be tapped down as far as possible, thus 
improving the frequency stability. 

It is also possible to use a linear tank in the 
grid circuit for frequency control, in conjunc-
tion with a conventional coil-condenser tank 
in the plate circuit where the lower Q does not 
have so great an effect on the stability. 

Fig. 429-B shows a push-pull oscillator hav-
ing tuned plate and cathode circuits, using 
linear tanks for each. The grids are connected 
together and grounded through the grid leak, 
RI; ordinarily no by-pass condenser is needed 
across RI. This circuit gives good power out-
put at very-high frequencies, but is not es-
pecially stable unless the plates are tapped 
down on the plate tank circuit to avoid too 
great a reduction in Q. Tapping on the cathode 
line is not feasible for mechanical reasons, 
since one filament lead must be brought through 
the tubing in order to maintain both sides of the 
filament at the same r.f. potential. 

Concentric-line circuits— At frequencies 
in the neighborhood of 300 Mc., radiation 
(§ 2-12) from the open line becomes so serious 
that the Q is greatly reduced. This is because 

the conductor spacing represents an 
appreciable fraction of the wavelength. 
Consequently, at these frequencies the 
concentric line must be used. In this 
type the field is confined inside the 
line, so that radiation is negligible. 
There is a further advantage in that 
the outside of the line is "cold"; that 
is, no r.f. potentials develop between 
points on the outer surface. While the 
concentric line also is advantageous at 
lower frequencies, because it is more 
complicated to construct and adjust-
ments are more difficult the open lines 
are generally favored. 
The concentric line usually is con-

structed of copper pipes arranged con-
centrically and short-circuited at one 
end. The optimum ratio of inner diam-
eter of the outer conductor to the 
outer diameter of the inner conductor 
is 3.6. Taps may be made on the in-

° ner conductor and brought through re 
a hole in the outer conductor to the 
tube element, as shown in Fig. 430. 
The tube loads the line in the same 
way as described in the preceding par. 

TT 
(B) 

Pig. 429 —Push-pull line oscillators. See Fig. 428 for constants. 
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Fig. 430 — Concentric-line oscillator circuits. The line, 
usually made of tubular conductors, is shown in cross-
section. See Fig. 428 and the text for circuit constants. 

agraphs, hence the length is generally shorter 
than an actual quarter wavelength. The length 
can be adjusted by a sliding short-circuiting 
disc at the closed end, a close fit and low-resist-
ance contact being necessary to avoid reduction 

, of the Q. It is also possible to make the inner 
conductor a pair of close-fitting concentric 
tubes, so that one may be slid in or out of the 
other to change the effective conductor length. 
The circuit of Fig. 430-A is a t.p.t.g. (§ 3-7) 

oscillator, using the concentric line in the grid 
circuit for frequency control. An ordinary coil-
condenser tank is shown in the plate circuit, 
but a linear tank may be substituted. The 
filament inductances have the same function 
as in the preceding circuits. The ultraudion 
circuit is shown at B; the same considerations 
apply. In this case, the output is taken from the 
line inductively by means of the half-turn 
"hairpin" shown; coupling can be changed to 
some extent by varying the position of the hair-
pin. Both circuits may be tuned by means of 
the small variable condenser, C2, although this 
condenser may be omitted and the tuning 
accomplished by changing the line length. 
For ease of construction, the concentric line 

sometimes is modified into a "trough," in 
which the cross-section of the outer conductor 
is in the shape of a square u, one side being 
left open for tapping and adjustment of the 
inner conductor. Some radiation takes place 
with this type of construction, although not 
so much as with open lines. 

(B) 

High-Q circuits with lumped constants — 
To obtain reasonably high effective Q when a 
low resistance is connected across the tank 
circuit, it is necessary to use a high CIL ratio ' 
and a tank of inherently high Q (§ 2-10). At 
low frequencies the inherent Q of any well-
designed circuit will be high enough so that it 
may be neglected in comparison to the effec-
tive Q when loaded, so that 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, and a reduction of the 
L/C ratio will not increase the effective Q 
unless the internal resistance of the tank can 
be made very small. The reduction in resistance 
can be brought about by use of large conduct-
ing surfaces and elimination of radiation. In 
such cases, the inductance and capacity are 
generally built as a unit; several arrangements 
are possible, one being shown in Fig. 431. 
The tank circuit consists of a rod A (the induc-
tance) inside two concentric cylinders, B and'C, 
which form a two-plate condenser, one plate 
being connected to each end of the inductance. 
The resonant frequency is determined by the 
length and diameter of A, and the length, 
diameter and spacing of B and C. The oscilla-
tor shown uses the tickler circuit (§ 3-7), with 
the feed-back coil in the grid circuit; this induc-
tance is the wire D in the diagram. Output is 
taken from the tank circuit by means of a 
hairpin coupling coil. Such a tank circuit also 
may be used in the ultraudion circuit, replacing 
the concentric line in Fig. 430-B. A variable 
condenser may be connected across the tank 
for tuning, if desired, although the Q may be 
reduced if a considerable portion of the tank 
r.f. current flows through it. 

This type of circuit actually has lumped 
constants only when the length is small (10 per 
cent or less of the wavelength). At greater 
lengths it tends to act as a linear circuit, 
eventually evolving into the concentric line. 

+5 

Fig. 431 — High-Q lumped-constant tank circuit in a 
v.h.f. oscillator. This drawing shows a cross-section of 
the tank, which is usually built of concentric cylinders. 
CI and RI are the grid condenser and leak, respectively. 
See Fig. 428 and text for discussion of circuit constants. 



CHAPTER FIVE 

Radiotelephony 

([ 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 modulation 
(a change) of the carrier. In radiotelephony, 
this modulation reproduces electrically the 
sounds it is intended to convey. 
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 thousand per sec-
ond. The problem of transmitting speech by 
radio therefore is one of varying the r.f. carrier 
in a way which corresponds to the air-particle 
vibrations. The first step in doing this is to 
change the sound vibrations into alternating 
electrical currents of the same frequency 
and relative intensity; the electromechanical 
device which achieves this translation is the 
microphone. These currents then may be 
amplified and used to modulate 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 change the 
phase (§ 2-7), frequency or amplitude of the 
carrier. Amplitude modulation is by far the 
most common system, and is used exclusively 
on all frequencies below the very-high-fre-
quency region (§ 2-7). Frequency modulation, 
which has special characteristics which make 
its use desirable under certain conditions, is 
used to a considerable extent on the very-high 
frequencies. Phase modulation, which is closely 
related to frequency modulation, has had little 
or no direct application in practical com-
munication. 

41 5-2 Amplitude Modulation 

Carrier requirements — For proper ampli-
tude modulation, the carrier should be com-
pletely free from inherent amplitude variations 
such as might be caused by insufficient filtering 
of a rectified-a.c. power supply (§ 8-4). It is 
also essential that the carrier frequency be 
entirely unaffected by the application of 
modulation. If modulating the amplitude of 

the carrier also causes a change in the carrier 
frequency the signal wobbles hack and forth 
with the modulation, introducing distortion 
and widening the channel 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 isoldted from the frequency-controlling 
oscillator by a "buffer" amplifier. Amplitude 
modulation of an oscillator almost always is 
accompanied by frequency modulation. It is 
permitted therefore only on frequencies above 
112 Mc., because the problem of interference 
is less acute in this region than on lower fre-
quencies. 
Percentage of modulation — In the ampli-

tude-modulation system the audible output 
at the receiver depends entirely upon the 
amount of variation — termed depth of modu-
lation — in the carrier wave, and not upon the 
strength of the carrier alone. It is desirable 
therefore to obtain the largest permissible 
variations in the carrier wave. This condition 
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Fig. 501—Graphical representaf on of (A) unmodu-
ated carrier, (B) modulated 50%, (C modulated 100%. 
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is reached when the carrier amplitude during 
modulation is at times reduced to zero and at 
other times increased to twice its unmodulated 
value. Such a wave is said to be fully modu-
lated, or 100 per cent modulated. Any desired 
degree of modulation can be expressed as a 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, the wave with 100 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 wave—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 aver-
age power in a 100 per cent modulated wave is 
one and one-half times the unmodulated car-
rier power; that is, the power output of the 
transmitter increases 50 per cent with 100 per 
cent modulation. 

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-
plifier 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. 
Modulation 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. 
Overm,odulation — If the carrier is modu-

lated more than 100 per cent, a cb-ndition such 

as is shown in Pig. 502 occurs. Not only does 
the peak amplitude exceed twice the carrier 
amplitude, but actually there may be a con-
siderable period during which the output is 
entirely cut off. The modulated wave is there-
fore distorted (§ 3-3), with the result that har-
monics of the audio modulating frequency 
appear. The carrier should never be modulated 
more than 100 per cent. 

Wave -shape of 
Modukting-Sina/ 

Fig. 502 — An rnerinodulated carrier wave. 
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 accommo-
date the largest number of transmitters in a 
given part of the r.f. spectrum it is apparent 
that the channel width should be as small as 
possible, but on the other hand it is necessary, 
for speech of reasonably good quality, to use 
modulating frequencies up to about 3000 or 
4000 cycles. This calls for a channel width of 
6 to 8 kilocycles. 
Spurious 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 
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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 modulation —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 circuit (grid-bias modulation). 
A third system involves variation of both plate 
voltage and grid bias, and is called cathode 
modulation. 

+8 +13 

Fig. 503 — Plate modulation of a Class-C r.f. amplifier. 
The r.f. plate by-pass condenser, C, in the amplifier 
stage should have high reactance at audio frequencies. 
A capacity of 0.002 gfd. or less usually is satisfactory. 

«L 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 Class-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, T. For 100 per cent 
modulation the audio-frequency output of the 
modulator and the turns ratio of the coupling 
transformer must be such that the voltage at 
the plate of the modulated amplifier varies 
between zero and twice the d.c. operating plate 
voltage, thus causing corresponding varrations 
in the amplitude of the r.f. output. 
Modulator power — The average power 

output of the modulated stage must increase 
80 per cent for 100 per cent modulation ( § 5-2), 
so that the modulator must supply to the mod-

ulated r.f. stage audio power equal to 50 per 
cent of the d.c. plate input. For example, if the 
d.c. plate power input to the r.f. stage is 100 
watts, the sine-wave audio power output of the 
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 
d.c. 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 
(r.f. voltage proportional to applied plate 
voltage) in order for the modulation to be 
linear, the amplifier must operate Class-C 
(§ 3-4). The linearity depends upon having 
sufficient grid excitation and proper bias, and 
the adjustment of circuit constants to the 
proper values (§ 4-8). 
Power in speech waves — 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 same peak (§ 2-7) 
amplitude. That is, with speech waveforms 
the ratio of peak to average amplitude is 
higher than in the sine wave. For this reason, 
the previous statement that the power output 
of the transmitter increases 50 per cent with 
100 per cent modulation, while true for tone 
modulation, is not true for speech. On the aver-
age, speech waveforms will ceentain only about 
hitlf as much power as a sine wave, both having 
the same peak amplitude. The average power 
output of the transmitter therefore increases 
only about 25 per cent with 100 per cent speech 
modulation. However, the instantaneous power 
output must quadruple on the peak of 100 per 
cent modulation (§ 5-2) regardless of the mod-
ulating waveform. Therefore, the peak ca-
pacity of the transmitter must be the same 
for any type of modulating signal. 
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Fig. 504 — Plate and screen modulation of a Class-C 
r.f. amplifier using a pentode tube. The plate and screen 
r.f. by-pass condensers, CI and Cs, should have high 
reactance at all audio frequencies (0.002 pfd. or less). 
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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-
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 100 per cent modulation is twice the 
sine-wave audio-frequency power output of the 
modulator. This input is obtained by varying 
the loading on the amplifier (keeping its tank 
circuit tuned to resonance) until the product 
of d.c. plate voltage and plate current is the de-
sired power. The modulating impedance under 
these conditions will be the 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 
amplifier also should be free from parasitic 
oscillations ( § 4-10). 

Although the effective value (§ 2-7) of power 
input increases with modulation, as described 
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 d.c. 
plate current to a properly modulated am-
plifier is always constant, with or without 
modulation. 

Screen-grid amplifiers— Screen-grid tubes 
of the pentode or beam tetrode type can be 
used as Class-C plate-modulated amplifiers 
provided the modulation is applied to both the 
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 resiétor, R, should be of the proper 
value to apply normal d.c. voltage to the screen 
under steady carrier conditions. 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 d.c. plate voltage by the sum of the 
plate and screen currents. The plate voltage 
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 

modulation. The plate power for the modulator 
tube and modulated amplifier is furnished from 
a common source through the modulation 
choke, L, which has high impedance for audio 
frequencies. The modulator operates as a power 
amplifier with the plate circuit of the r.f. 
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Fig. 505 — Choke-coupled plate modulation. 
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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. 
voltage on the modulated amplifier. To obtain 
this without distortion the r.f. amplifier must 
be operated at a d.c. plate voltage less than the 
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 condenser, 

This type of modulation seldom is used 
except in very low-power 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 B, 
hence only a small amount of r.f. power can be 
modulated. 

5-4 Grid-Bias Modulation 

Circuit—Fig. 506 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 output of 
the r.f. stage, when suitable operating condi-
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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—In 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 
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Fig. 506 — Grid-bias modulation of a Class-C ampli-
fier. The r.f, grid by-pass condenser, C, should have 
high reactance at audio frequencies (0.002 dd. or less). 
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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 power. 
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 size of r.f. tube, the 
carrier output is about one-fourth the power 
obtainable from the same tube plate-modu-
lated. The grid bias, r.f. excitation, plate load-
ing and audio voltage in series with the grid 
must be adjusted to give a linear modulation 
characteristic. 
Modulator power—Since the increase in 

average carrier power with modulation is se-
cured by varying the plate efficiency and d.c. 
plate input of the amplifier, the modulator 
need supply only such power losses as may 
be occasioned by connecting it in the grid 
circuit. Thee are quite small, hence a modu-
lator capable of only a few watts output will 
suffice for transmitters of considerable power. 
The load on the modulator varies over the 
audio-frequency cycle as the rectified grid 
current of the modulated amplifier changes, 
hence 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 fixed. 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 attempted. 

Driver regulation— The load on the driving 
stage varies with modulation, and a linear 
modulation characteristic may not be obtained 
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. 
Adjustment 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 d.c. input to the amplifier, assuming 33 
per cent carrier efficiency, will be 1 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 
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 check the 
characteristic again. Continue this process un-
til the characteristic is linear from 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 
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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 substan-

tially constant both with and without modula-
tion (§ 5-3). 

Suppressor modulation—The circuit ar-
rangement for suppressor-grid modulation of a 
pentode tube is shown in Fig. 507. 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 c.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-
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Fig. 507 —Suppressor-grid modulation of an r.f. am-
plifier using a pentode tube. The suppressor-grid 
r.f. by-pass condenser, C, should be 0.002 dd. or less. 

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. 

IL 5-5 Cathode Modulation 

Circuit — The fundamental circuit for 
cathode or "center-tap" modulation is shown 
in Fig. 508. This type of modulation is a com-
bination of the plate and grid-bias methods, 
and permits a carrier efficiency midway be-
tween the two. The audio power is introduced 

Fig. 508 — Cathode modtal idiot' of a Class-C r.f: am-
plifier. The grid and plate r.f. by-pass condensers, C, 
should be 0.002 dd. or less (for high a.f. reactance). 

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 be supplied from a 
separate filament transformer. The filament 
by-pass condensers should not be larger than 
about 0.002 /dd., to avoid by-passing 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 percentage of 
plate modulation, the higher the permissible 
carrier efficiency, and vice versa. The audio 
power required from the modulator also varies 
with the percentage of plate modulation, being 
greater as this percentage is increased. 
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The way in which the various quantities 
vary is illustrated by the curves of Fig. 509. 
In these curves the performance of the cath-
ode-modulated r.f. amplifier is plotted in 
terms of the tube ratings for plate-modulated 
telephony, with the percentage of plate modu-
lation as a base. As the percentage of plate 
modulation is decreased, it is assumed that 
the grid-bias modulation is increased to make 
the over-all percentage of modulation reach 
100 per cent. The limiting condition, 100 per 
cent plate modulation and no grid-bias modu-
lation, is at the right (A); pure grid-bias 
modulation is represented by the left-hand 
ordinate (B and C). 
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Fig. 509 — Cathode-modulation performance curves, 
in terms of percentage of plate modulation plotted 
against percentage of Class-C telephony tube ratings. 
— D.r. plate input watts in terms of percentage of 

plate-modulation rating. 
W. — Carrier output watts in per cent of plate-modula. 

tion rating (based on plate efficiency of 77.5%). 
W. — Audio power in per cent of d.c. watts input. 
N. — Plate efficiency of the amplifier in percentage. 

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 be 65 per cent of the ratings 
of the same tube with pure plate modulation, 
the power output will be 48 per cent of the 
rated output of the tube with plate modulation, 
and the audio power required from the modu-
lator will be 20 per cent of the d.c. input to the 
modulated amplifier. 
Modulating impedance — The 

modulating impedance of a cath-
ode-modulated amplifier is ap-
proximately equal to 

Eb 

1b Ale° 
Input 

where m is the percentage of plate 
modulation expressed as a decimal, 
Eb is the plate voltage and lb the 
plate current of the modulated rd. 
amplifier. This figure for the modu-
lating impedance is used in the 
same way as the corresponding 

figure for pure plate modulation, in determin-
ing 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 modulation 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 small 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 should 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. 
Adjustment 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 
modulation. As in the case of grid-bias modu-
lation, too-light antenna loading will cause 
flattening of the up-peaks of modulation 
(downward modulation), as also will too-high 
excitation (§ 5-10). The cathode current will be 
practically constant with or without modula-
tion when the proper operating conditions are 
reached (§ 5-3). 

1(r. 5-6 Class-6 Modulators 

Modulator tubes —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. 510. A pair of tubes must be chosen which 
is capable of delivering sine-wave audio power 
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Fig. 510 — A typical Class-B audio modulator and driver circuit. 
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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, however, and better over-all 
performance and economy may result from 
the use of separate power supplies. 
Matching to load—In giving Class-B 

ratings on power tubes, manufacturers specify 
the plate-to-plate load impedance (§ 3-3) 
into which the tubes must operate to deliver 
the rated audio power output. This load im-
pedance seldom is the same 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 

where Z. is the Class-C modulating impedance 
and Z„ is the plate-to-plate load impedance 
specified for the Class-B tubes. 
Commercial Class-B output transformers 

usually are fated 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-
quiremènts of a large number of tube com-
binations. 

Driving power — Clase-B amplifiers are 
driven into the grid-current region, so that 
power is consumed in the grid circuit (§ 3-3). 
The preceding stage (driver) 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 represent 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-B grids, and by using 
an input coupling transformer having a turns 
ratio giving the largest step-down in the volt-
age between the driver plate or plates and the 
Class-B grids that will permit obtaining the 
specified grid-to-grid a.f. voltage. 

Driver coupling— A Class-A or Class-AB 
(§ 3-41 driver is used to excite a Class-B 
stage. Tubes for the driver preferably should 

be triodes having low plate resistance, since 
these will have the best regulation. Having 
chosen a tube or tubes capable of ample 
power output from tube data sheets, the peak 
output voltage will be, approximately, 

= 1.4 VPR 
where P is the power output and R the load 
resistance. The input transformer ratio, pri-
mary to secondary, will be 

E„ 
E, 

where E, is as given above and E, is the peak 
grid-to-grid voltage required by the modulator 
tubes. 
Commercial transformers usually are de-

signed for specific driver-modulator combina-
tions, and usually are adjusted to give as good 
driver regulation as the conditions will permit. 
Grid bias—Modern Class-B audio tubes 

are intended for operation without fixed bias. 
This lessens the 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 (§ 8-9) 
should be used. 

Plate 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-fourth the 
plate-to-plate load resistance. A 4-µfd. 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. 
Overexcitation— 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, produc-
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 case where the modulator 
is incapable of delivering the power required 
to modulate the transmitter fully, or when 
the Class-C 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 nominally required (50 per cent 
of the d.c. input to the modulated amplifier) te 
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take care of losses in the output transformer. 
These usually run from 10 per cent to 20 per 
cent of the tube output. 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 harmonics as may 
be generated in these circumstances can be re-
duced by connecting condensers across the 
primary and secondary of the output trans-
former (about 0.002 ;dd. in the average case), 
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 speech transmission (about 
4000 cycles). The condenser voltage ratings 
should be adequate for the peak a.f. voltages 
appearing across them. 
Operation without load — Excitation 

should never be applied to a Class-B modulator 
until after the Class-C amplifier is turned on 
and is drawing the value of plate current 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 down the transformer insulation. 
If the modulator is to be tested separately 
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. 

(I, 5-7 Low-Level Modulators 

Selection of tubes— Modulators 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 satisfactorily. 
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 Figs. 506 and 507. 

41. 5-8 Microphones 

Sensitivity — The level of a microphone is 
its electrical output for a given speech inten-
sity input. Level varies greatly with micro-
phones of different basic types, and also varies 
between different models of the same type. 
The output is also greatly dependent on the 
character of the 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 microphones — Fig. 511 shows con-

nections for single- and double-button carbon 
microphones, with a rheostat included in each 
circuit for adjusting the button current to the 
correct value as specified with each micro-
phone. The single-button microphone consists 
of a metal diaphragm placed against an in-
sulating cup containing loosely packed carbon 
granules (microphone button). Current from a 
battery flows through the granules, the dia-
phragm being one connection and the metal 
back-plate the other. The primary of a trans-
former is connected in series with the battery 
and microphone. As the diaphragm vibrates 
its pressure on the granules alternately in-
creases and decreases, causing a corresponding 
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-
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 between 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 200 ohms. With 
this type of microphone and the usual push-
pull input transformer; a peak voltage of 0.4 to 
0.5 across 100,000 ohms or so can be assumed 
available at the first speech-amplifier grid. The 
button current with this type of microphone 
ranges from 5 to 50 ma. per button. 
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Crystal microphones—The input circuit 

for a piezoelectric or crystal type of micro-
phone is shown in Fig. 511-E. The element in 
this type consists of a pair of Rochelle salts 
crystals cemented together, with plated elec-
trodes. In the more sensitive types, the crystal 
is mechanically coupled to a diaphragm. Sound 
waves actuating the diaphragm cause the 
crystal to vibrate mechanically and, by piezo-
electric action (§ 2-10), to generate a corre-
sponding alternating voltage between the elec-
trodes, which are connected to the grid circuit 
of a vacuum-tube amplifier, as shown. The 
crystal type requires no separate source of 
current or voltage. 

Although the level of crystal microphones 
varies with different models, an output of 
0.01 to 0.03 volt is representative for com-
munication types. The level is affected by the 
length of the cable connecting the microphone 
to the first amplifier stage; the above figure is 
for lengths of 6 or 7 feet. The frequency char-
acteristic is unaffected by the cable, but the 
load resistance (amplifier grid resistor) does 
affect it, the lower frequencies being atten-
uated as the shunt resistance becomes less. A 
grid-resistor value of 1 megohm or more should 
be used for reasonably flat response, 5 meg-
ohms being a customary figure. 
Condenser microphones—The condenser 

microphone of Fig. 511-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 connected in series with a resistor 
and a d.c. voltage source. When the diaphragm 
vibrates, the change in capacity causes a small 
charging current to flow through the circuit. 
The resulting audio voltage, which appears 
across the resistor is fed to the grid of the tube 
through the coupling condenser. 

Atic to 
tine trans 
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The output of condenser microphones varies 
with different models, the high-quality type 
being about one-hundredth to one-fiftieth as 
sensitive as the double-button carbon micro-
phone. The first speech-amplifier stage must be 
built into the microphone, since the capacity 
of a connecting cable would impair both output 
and frequency range. 

Velocity and dynamic 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 cuts the lines of force between the 
poles, first in one direction and then the other, 
thus generating an alternating voltage. The 
movement of the ribbon is proportional to the 
velocity of the sound-energized air particles. 
Velocity microphones are built in two types, 
high impedance and low impedance, the former 
being used in most applications. A high-im-
pedance microphone can be directly connected 
to the grid of an amplifier tube, shunted by a 
resistance of 0.5 to 5 megohms. Low-imped-
ance microphones are used when a long con-
necting cable (75 feet or more) must be em-
ployed. In such case the output of the micro-
phone is coupled to the first amplifier stage 
through a suitable step-up transformer. 
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 
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Fig,. 511— Speech input circuits of five commonly used types of microphones. A, single-button carbon; 13, 
double-button carbon; C, condenser; D, low-impedance velocity; E, high-impedance velocity; F, crystal. 
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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 dable 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. 

5-9 The Speech Amplifier 

Description— 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 provided in the 
modulator circuit. The line which connects the 
two transformers may be made of any con-
venient length. 
General design considerations— 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 (§ 5-6). It may be 
either single-ended or push-pull (§ 3-3), the 
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 
AB' 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. 
The requirements in this case 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. Any 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 
a.f. 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. The requisite information 
for Class-ABi and AB2 amplifiers can be ob-
tained from 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 voltage 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 work the variation 
should be small over the range 100-4000 
cycles. This condition is easily met in practice. 
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. 
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Fig. 512 —Resistance-coupled voltage amplifier cir-
cuits. A, pentode; B. triode. Designations are as follows: 
Ci — Cathode by-pass condenser. 
Ca — Plate by-pass condenser. 
Ca Output coupling condenser (blocking condenser). 
C4 — Screen by-pass condenser. 
RI — Cathode resistor. 
— Grid resistor. 

Ra — Plate resistor. 
R4 - Next-stage grid resistor. 
R5 — Plate decoupling resistor. 
Re — Screen resistor. 
Values for commonly used tubes are given in Table I. 

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-» triodes, since 
with audio-frequency transformers a suffi-
ciently high load impedance (§ 3-3) cannot be 
obtained without considerable frequency dis-
tortion. Typical circuits are given in Fig. 512. 
The frequency response of the amplifier will 

be determined by the circuit constants, par-
ticularly C3R4, the coupling condenser and 
resistor to the following stage, and CiRt, the 
cathode bias resistor and by-pass condenser. 
For adequate amplification at low frequencies, 
the time constant (§ 2-6) of both these CR 
combinations should be lai ge. Depending upon 
the type of tube used in the next stage, R4 
may vary from 50,000 ohms (with power 
tubes such as the 2A3 ca. 6F6) to 1 megohm; 
it is advantageous to use the highest value 
recommended for the type of tube used, since 
this gives greatest tow-frequency response 
with a given size of coupling condenser, C3. 
A capacity of 0.1 pfd. at C3 will provide ample 
coupling at low frequencies with any ordina-

rily used tube, if the values shown in Table I 
for load resistance (R3) and next-stage grid 
resistance (R4) are used. 
The reactance (§ 2-8) of C1 must be small 

compared to the resistance of RI, for good low-
frequency response. While with values of R1 
in the vicinity of 10,000 ohms, more or less, a 
condenser of 1 dd. will suffice, it is more com-
mon practice to use 5- or 10-µfd. low-voltage 
electrolytic condensers for the purpose, since 
they are inexpensive and provide ample by-
passing. A capacity of 10 pfd. usually is suffi-
cient with values of R1 as low as 500 ohms. 
For maximum voltage gain, the resistance 

at Rg should be as high as possible without 
causing too great a drop in voltage at the plate 
of the tube. Values range from 50,000 ohms 
to 0.5 megohm, the smaller figure being used 
with triodes having comparatively low plate 
resistance. The value of R1 depends upon R3, 
which principally determines the plate cur-
rent; in general, the grid bias is somewhat 
smaller than in circuits having low-resistance 
output devices (such as a transformer) be-
cau the lower voltage effective at the plate 
of the tube. This is true also of the screen 
voltage, for similar reasons, and values for the 
screen resistor, R6, may vary from 0.25 to 
2 megohms. A screen by-pass (C4) of 0.1 µfd. 
will be adequate in all cases. 
Table I shows typical values for some of the 

more popular tube types used in speech ampli-
fiers. The stage gain and peak undistorted 
output voltage also are given. Other operating 
conditions are, of course, possible. The value 
of the grid resistor, R2, does not affect any 
of these quantities, but it should not exceed 
the maximum value recommended by the 
manufacturer for the particular tube used. 
The resistance-capacity filter (§ 2-11) formed 

by C2R5 is a decoupling circuit which isolates 
the stage from the power supply, so that un-
wanted coupling between it and other stages 
through the output impedance of the power 
supply is eliminated. Such coupling is a cause 
of low-frequency oscillation (motorboating) in 
multi-stage resistance-coupled amplifiers. 

TABLE I — TYPICAL VOLTAGE AMPLI-

FIER DATA 
' 

Tee 
Type 

Ra 
(megohme) 

R15 
(ntroohnu) 

RI 
(ohms) 

Peak 
Output 
Volte 

Voltage 
Gain 

6C5 0 . 1 6000 88 13 
6J5 0.1 -- 3000 64 14 
6F5, 63F6 0.25 -- 3000 54 63 
617 0.25 1.2 1200 104 140 
6617 0.25 1.0 900 88 167 

0.5 2.0 1300 64 200 

Other values (Fig. 512): CI, 10 dcl. (low-voltage electro-
lytic); Ca, 8-pfd. electrolytic; Ca, Ca, 0.1-pfd. paper; R2, 0.1 
to 1 megohm; R4, 0.5 megohm; R8, 10,000 to 50,000 ohma. 
Data are based on a plate-supply voltage of 300; lower 
values will reduce the undistorted peak output voltage in 
proportion, but will not materially affect the voltage gain. 
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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. 513. 
That at A uses a combination of resistance and 
transformer coupling, and may be used for 
exciting the grids of a Class-A or ABi follow-
ing stage. The resistance coupling is used to 
keep the d.c. plate current from flowing through 
the transformer primary, thereby preventing a 
reduction in primary inductance below its no-
current value (§ 8-4). This improves the low-
frequency response. With the triodes ordinarily 
used (6C5, 6J5, etc.), the gain is equal to that 
with resistance coupling (typical values in 
Table I) multiplied by the secondary-to-
primary turns ratio of the transformer. This 
ratio generally is 2:1. 

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 1.4 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 ease of a following Class-AB2 
stage used as a driver for a Class-B modulator. 

+8 

Fig. 513 —Transformer-coupled amplifier circuits for 
driving a push-pull amplifier. A is for resistance-trans-
former coupling; B, for transformer coupling. Designa-
tions correspond to those in Fig. 512. 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). 

Gain control— The overall 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 applied to the grid of one of the stages. 
This is done by means of an adjustable voltage 
divider (§ 2-6), commonly called a "poten-
tiometer" or "volume control," as shown in 
Fig. 514. The actual voltage applied between 

Fig. 514 — Audio gain control circuit. 

grid and cathode will be very nearly equal to 
the ratio of the resistance between AB to the 
total resistance, AC, multiplied by the a.c. in-
put voltage appearing across AC. The gain 
control is usually also the grid resistor for the 
amplifier stage with which it is associated. 
The gain-control potentiometer should be 

near the input end of the amplifier, so that 
there will be no danger of overloading the 
stages ahead of the gain control. With carbon 
microphones the gain control may be placed 
directly across the microphone transformer 
secondary, but with other types the gain con-
trol usually will affect the frequency response 
of the microphone when connected directly 
across it. The control therefore usually is 
placed in the grid circuit of the second stage. 
Phase inversion—Push-pull output may 

be secured with resistance coupling by using 
an extra tube, as shown in Fig. 515. There 
is a phase shift of 180 degrees through any 
normally operating resistance-coupled stage 
(§ 3-3), and the extra tube is used purely to 
provide this phase shift without additional gain. 
The outputs of the two tubes are then added 
to gi ve push-pull excitation to the next amplifier. 

In Fig. 515, V1 is the regular amplifier, con-
nected in normal fashion to the grid of one of 
the push-pull tubes. The next-stage grid re-
sistor is tapped, so that part of the output 
voltage is fed to the grid of the phase inverter, 
V2. This tube then amplifies the signal and 
applies it in reverse phase to the grid of the 
second push-pull tube. Two similar tubes 
should be used at Vi and V2, with identical 
plate resistors and output-coupling condensers. 
The tap on R4 is adjusted to make VI and V2 
give equal voltage outputs, so that balanced 
excitation is applied to the grids of the follow-
ing stage. 
The cathode resistor, R6, commonly is left 

unby-passed, since this tends to help balance 
the circuit. For convenience, double-triode 
tubes frequently are used as phase inverters. 
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Fig. 515 —Phase-inverter circuit for resistance-cou-
pled push-pull output. With a double-triode tube 
(such as the 6N7) the following values are typical: 
RI, R4, 113 — 0.5 megohm. 112, R3 — 0.1 megohm. 
Rs — 1500 ohms.. Cs, C2 — 0.1 dd. 
R4 should be tapped as described in the text. The 
voltage gain of a stage using these constants is 22. 

Output limiting — It is desirable to modu-
late as heavily as possible without overmodu-
lating, yet it is difficult to speak into the micro-
phone at a constant intensity. To maintain 
reasonably constant output from the modula-
tor in spite of variations in speech intensity, 
it is possible to use automatic gain control 
which follows the average (not instantaneous) 
variations in speech amplitude. This is accom-
plished by rectifying and filtering (§ 8-2, 8-3) 
some of the audio output and applying the 
rectified and filtered d.c. to a control electrode 
in an early stage in the amplifier. 
A practical circuit for this purpose is shown 

in Fig. 516. The rectifier must be connected, 
through the transformer, to a tube capable of 

Rs 

6H6 

FIRST SPEECH 
AMR 

Fig. 516 —Speech amplifier output-limiting circuit. 
C2, C3, C4 — 0.1-pfd. RI, Ra, R3 — 0.25 megohm. 

114 — 25,000-ohm pot. Rs — 0.1 megohm. T — See text. 

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. R2, 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 

stage should be used. A half-wave rectifier may 
be used instead of the full-wave circuit shown, 
although satisfactory filtering will be more 
difficult 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 the result of insufficient power-supply filter-
ing or may be introduced into the grid circuit 
of a tube by magnetic or electrostatic means 
from heater wiring. The plate voltage for the 
amplifier should be free from ripple (§ 8-4), 
particularly the voltage applied to the low-
level stages. A two-section condenser-input 
filter (§ 8-5) usually is satisfáctory. 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 constructed 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. 

4Z 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 
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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 oscilloscope must 
have a horizontal sweep circuit. The trapezoid-
al pattern requires only the oscilloscope, 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 oscilloscope connections 
for the wave-envelope pattern, Fig. 517-A, 
are usually simpler than those for the trape-
zoidal figure. The vertical-deflection plates are 
coupled to the amplifier tank coil or an antenna 
coil by means of a pick-up coil of a few turns 
connected to the oscilloscope 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 circuit and the transmitter tank 
circuit. 
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-D, 
where the point X represents the sweep line 

Ant Circuit OS C 

cG3 

Alternative 
Input Connections 

Fig. 517 —Methods of connecting an oscilloscope to 
the modulated r.f. amplifier for checking modulation, 

(reference line) alone, YZ is the carrier height, 
and PQ is the maximum height of the modu-
lated wave. If the height is greater than the 
distance PQ, as illustrated in E, the wave is 
overmodulated in the upward direction. Over-
modulation in the downward direction is 
indicated by a gap in the pattern at the refer-
ence axis, where a single bright line appears 
on the screen. Overmodulation in either direc-
tion may take place even when the modulation 
in the other direction is less than 100 per cent. 
Assuming that the modulation is symmetrical, 
however, any modulation percentage can be 
measured directly from the screen by measur-
ing the maximum height with modulation and 
the height of the carrier alone; calling these 
two heights h1 and ha respectively, the modula-
tion percentage is 

h1 — ha 
ha 

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), Rift% the resistance of R2 
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-megohm volume control 
resistor. The value of R1 will depend upon the 
audio output voltage of the modulator. This 
voltage is equal to VPR, where P is the audio 
power output of the modulator and R is the 
modulating impedance of the modulated r.f. 
amplifier. In the case of grid-bias modulation 
with a 1:1 output transformer, it will be satis-
factory to assume that the a.c. output voltage 
of the modulator is equal to 0.7E for a single 
tube or 1.4E for a push-pull stage, where E 
is the d.c. plate voltage on the modulator. If 
the transformer ratio is other than 1:1, the 
voltage so calculated should be multiplied by 
the actual secondary-to-primary turns ratio. 
The total resistance of R1 and R2 in series 
should be 0.25 megohm for every 150 volts of 
modulator output; for example, if the modula-
tor output voltage is 600, the total resistance 
should be four (600/150) times 0.25 megohm, 
or 1 megohm. Then, with 0.25 megohm at R2, 
R1 should be 0.75 megohm. The blocking 
condenser, C, should be 0.1 pfd or more, and 
its voltage rating should be greater than the 
maximum voltage appearing in the circuit. 
With plate modulation, this is twice the d.c. 
voltage applied to the plate of the modulated 
amplifier. 
The trapezoidal patterns are shown in Fig. 

518 at F to J, each alongside the corresponding 
wave-envelope pattern. With no signal, only 
the cathode-ray spot appears on the screen. 
When the unmodulated carrier is applied, a 
vertical line appears; the length of the line 

X 100 
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Fig. 518 — Wave-envelope and trapezoidal patterns 
encountered under different conditions of modulation. 

(I) 

(.) 

should be adjusted, by means of the pick-up 
coil coupling, to a convenient value. When the 
carrier is modulated, the wedge-shaped pattern 
appears; the higher the modulation percentage, 
the wider and more pointed the wedge be-
comes. At 100 per cent modulation it just 
makes a point on the axis, A, at one end, and 
the height, PQ, at the other end is equal to 
twice the carrier height, Y Z. Overmodulation 
in the upward direction is indicated by in-
creased height over PQ, and in the downward 
direction by an extension along the axis X 
at the pointed end. The modulation percentage 
may be found by measuring the modulated 
and unmodulated carrier heights, in the same 
way as with the wave-envelope pattern. 
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 
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direction. Since overmodulation in the down-
ward direction causes more out-of-channel in-
terference than overmodulation upward be-
cause of the 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 readily be found by careful 
observation of the oscilloscope pattern. The 
phase can be reversed by reversing the connec-
tions of one winding of any transformer in the 
speech amplifier or modulator. 
Modulation monitoring—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 interference 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-B modulator (§ 5-6) is used, is the 
plate milliammeter in the Class-B stage, since 
plate current fluctuates with the voice inten-
sity. Using the oscilloscope, determine the 
gain-control setting and voice intensity which 
gives 100 per cent modulation on voice peaks, 
and simultaneously observe the maximum 
Class-B plate-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-

oxide type) also can be used for modulation 
monitoring. It should be connected across the 
output circuit of an audio driver stage where 
the power level is a few watts, and similarly 
calibrated against the oscilloscope to determine 
the reading 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 
same 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 
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 
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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 output 
power does not decrease rapidly enough in 
this region; it may also be caused by imperfect 
neutralization (a push-pull amplifier is recom-
mended because better neutralization is possi-
ble than with single-ended amplifiers) or by r.f. 
leakage from the exciter through the final 
stage. The latter condition can be checked by 
removing the plate voltage from the modulated 
stage, when the carrier should disappear, leav-
ing only the beam spot remaining on the screen 
(Fig. 518-F). If a small vertical line remains, 
the amplifier should be re-neutralized to elimi-
nate it; if this does not suffice, it is an indica-
tion that r.f. is being picked up from lower-
power stages, either by coupling through the 
final tank circuit or through the oscilloscope 
pick-up circuit. 
Inward curvature at the large end of the 

pattern is caused by improper operating con-
ditions of the modulated amplifier, usually 
improper bias or insufficient excitation, or 
both, with plate modulation. In grid-bias and 
cathode-modulated systems, the bias, excita-
tion and plate loading are not correctly pro-
portioned when such curvature occurs, usually 
because the amplifier has been adjusted to 
have too-high carrier efficiency without modu-
lation (§ 5-4, 5-5). 
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Fig. 519 — Oscilloscope patterns representing proper 
and improper adjustments for grid-Was or cathode 
modulation. The pattern obtained with a correctly 
adjusted amplifier is shown at A. The other drawings 
indicate non-linear modulation from typical causes. 

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 envelope, 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 patterns—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 r.f. from the modulated 
stage be coupled to the oscilloscope, and then 
only to the vertical plates. The effect of stray 
r.f. from other stages in the transmitter has 
been mentioned in the preceding 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 
add.) 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 modulating voltage. The connections 
should always be as shown in Fig. 517-B. 

Plate-current shift— As mentioned above, 
the d.c. plate current of a modulated amplifier 
will be the same 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-
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 
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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 modulated 
stage. 

3) Wrong load resistance for the Class-C r.f. 
amplifier. 

4) Insufficient output capacity in the filter 
of the modulated-amplifier plate supply. 

5) Heavy overloading of the Class-C r.f. 
amplifier tube or tubes. 

Any of the following may cause an upward 
shift in plate current: 

1) Overmodulation (excessive audio power, 
audio gain too great). 

2) Incomplete neutralization of the modu-
lated amplifier. 

3) Parasitic oscillation in the modulated 
amplifier. 

When a common plate supply is used for 
both a Class-B (or Class AB) modulator and a 
modulated r.f. amplifier, the plate current of 
the latter may "kick" downward because of 
poor power-supply voltage regulation (§ 8-1) 
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. Either condition may be 
detected by measuring the plate voltage ap-
plied to the modulated stage; in addition, poor 
line regulation 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 kick: Overmodulation (excessive 

audio voltage); distortion in audio system; re-
generation because of incomplete neutraliza-
tion; operating grid bias too high. 
A downward kick in plate current will ac-

company an oscilloscope pattern like that of 
Fig. 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 
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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 the 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). 

in speech amplifier — A small amount 
of r.f. current in the speech amplifier — par-
ticularly in the first stage, which is most sus-
ceptible to such r.f. pick-up — will cause over-
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, 
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even though the amplifier may be perfectly 
stable when the r.f. section of the transmitter 
is not turned on. 
Complete shielding of the microphone, 

microphone cord, and speech amplifier 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 coupling 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. Inductive coupling to a two-wire 
transmission line is advisable. This antenna 
effect can be checked by disconnecting the 
antenna and dissipating the 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. 

111, 5-11 Frequency Modulation 

Principles —In frequency modulation the 
carrier amplitude is constant and the output 
frequency of the transmitter is made to vary 
about the carrier or mean frequency 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 carrier frequency is called the 
frequency deviation. 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 either the highest or lowest frequency 
reached 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 made as large 
as desired without encountering any effect 
equivalent to overmodulation in the amplitude-
modulated system. 
Deviation ratio—The ratio of the maxi-

mum frequency deviation to the audio fre-
quency of the modulation is called the devia-
tion ratio. This ratio is also called the modula-
tion index. Unless otherwise specified, it is 
taken as the ratio of the maximum frequency 
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Fig. 520 —Triangular spectrum showing the noise 
response in an fan. receiver compared with amplitude 
modulation. Deviation ratios of 1 and 5 are shown. 

deviation to the highest audio frequency to be 
transmitted. 
Advantages of f.m. — 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 those 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 respond to amplitude variations but 
only to frequency changes, noise can affect it 
only by causing a phase shift which appears as 
frequency modulation on the signal. The effect 
of such frequency modulation by the noise 
can be made 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 this 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 (4 kc.) 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 such that there is no attenuation of side-
bands (§ 5-2) below 4000 cycles, the noise 
components of all frequencies within the chan-
nel will produce equal response when they 
beat with a carrier centered 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 frequency-modulate 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 difference. This leads to a 
rising response characteristic, such as the line 
OC, where the noise amplitude is proportional 
to the audio beat frequency. The average noise 
power output is proportional to the square 
root of the sum of the squares of all the ampli-
tude values (§ 2-7), so that the noise power 
with frequency modulation having a deviation 
ratio of 1 is only one-third that with amplitude 
modulation, or an improvement of 4.75 db. 

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 
noise is confined to the triangle OAB. 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 of 1. 
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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 circuits be broad enough to handle with-
out discrimination the range of frequencies 
transmitted. This requirement is easily met 
under ordinary conditions. 

Sidebaruls — 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 because of the necessity for maintaining 
the proper , phase relationships between the 
carrier and sidebands to keep the power output 
constant. Hence a frequency-modulated signal 
inherently occupies a wider channel than an 
amplitude-modulated signal, and because of 
the necessity for conserving space in the usual 
communication spectrum the use of f.m. is 
confined to the very-high frequencies in the 
region above 28 Mc. 
The number of sidebands for a single modu-

lating frequency increases with the frequency 
deviation. When the deviation ratio is of the 
order of 5 the sidebands beyond the maximum 
frequency deviation are usually negligible, 
so that thé channel required is approximately 
twice the frequency deviation. 

41. 5-12 Methods of Frequency 
Modulation 

Requirements and 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 kc. The perinissible 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 can 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 requirements of the particular receiver 
in use. 
The several possible methods of frequency 

modulation include mechanical modulation (for 
instance, varying condenser plate spacing in 
accordance with voice vibrations), initial phase 
modulation which later is transformed into 
frequency modulation, and direct frequency 
modulation of an oscillator by electrical means. 
The latter, in the form of the reactance modu-
lator, is the simplest system. 
The reactance modulator — The reactance 

modulator is a vacuum-tube amplifier con-

nected to the r.f. tank circuit of an oscillator 
in such 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 
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Fig. 521 — Reactance modulator circuit using a 6L7 tube. 
C — Tank capacity. Ct — 3-10 mead. C2 — 250 gad. 
Cs — 8-gfd. electrolytic (al. by-pass) in parallel with 

0.01-pfd. paper (r.f. by-pass). 
C4 — 0.01 dd. L — Oscillator tank inductance. 
Ri — 50,000 ohms. Ra, Ra — 0.5 megohm. 
Ra — 30,000 ohms. R4 — 300 ohms. 

grid circuit of the 6L7 tube is connected across 
the small capacity, C1, which is in series with 
the resistor, RI, across the oscillator tank cir-
cuit. Any type of oscillator circuit (§ 3-7) may 
be used. R1 is large compared to the reactance 

2-8) of C1, so the r.f. current through RiCi 
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 plate circuit of the 6L7 
will be in phase with the grid voltage (§ 3-3), 
and consequently is 90 degrees behind the cur-
rent through C1, 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 (in an inductance the current 
lags the voltage by 90 degrees — § 2-8). The 
frequency is therefore increased in proportion 
to the lagging plate current of the modulator. 
This, in turn, is determined by the a.f. volt-
age applied to the No. 3 grid of the 6L7; hence 
the oscillator frequency varies with the audio 
signal voltage. 

Other circuit arrangements to produce the 
same effect can be used. It is convenient to use 
a tube (such as the 6L7) in which the r.f. and 
a.f. voltages can be applied to separate con-
trol grids; however, both voltages may be 
applied to the same grid provided suitable 
precautions are taken to prevent r.f. from flow-
ing in the external audio circuit, and vice versa 
(§ 2-13). 
The modulated oscillator usually is operated 

on a relatively low frequency, so that a high 
order of carrier stability can be secured. Fre-
quency multipliers are used to raise the fre-
quency to the final frequency desired. The 
frequency deviation increases with the number 
of times the initial frequency is multiplied; 
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for instance, if the oscillator is operated on 
7 Mc. and the output frequency is to be 112 
Mc., 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 Ci 
is made smaller, for a fixed value of RI, and 
also increases with an increase in L IC ratio 
in the oscillator tank circuit. Since the carrier 
stability of the oscillator depends on the L/C 
ratio (§ 3-7), it is desirable to use the highest 
tank capacity which will permit the desired 
deviation to be secured while keeping within 
the limits of linear operation. When the circuit 
of Fig. 521 is used in connection with a 7-Mc. 
oscillator, a linear deviation of 2000 cycles 
above and below the carrier frequency can 
be secured when the oscillator tank capacity 
is approximately 200 'ed. A peak a.f. input 
of two volts is required for full deviation. At 
56 Mc. the maximum deviation would be 
8 X 2000, or 16 kc. 

Since a change in any of the voltages on the 
modulator tube will cause a change in r.f. 
plate current, and consequently a frequency 
change, it is advisable to use a regulated plate 
supply for both modulator and oscillator. 
At the low voltages used (250 volts), the 
required stabilization can be secured by means 
of gaseous regulator tubes (§ 8-8). 
Speech amplification — The speech ampli-

fier preceding the modulator follows ordinary 
design (§ 5-9), except that no power is required 
from it and the a.f. voltage taken by the modu-
lator grid usually is small — not more 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 pentode followed 
by a triode, both resistance-coupled, will suf-
fice for crystal microphones (§ 5-8). 

R.f. amplifier stages — The frequency mul-
tiplier and output stages following the 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 al. modulating voltage 
is increased. The distortion will be within ac-
ceptable limits, with the tube and constants 
given for the circuit in Fig. 521, when the plate 
current does not change more than 5 per sent 
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 crystal filter (§ 7-11). A tone source is 
convenient for the test. Set the receiver for 
high selectivity, switch on the beat oscillator, 
and tune to the oscillator carrier frequency. 
(The check does not need to be made at the 
output frequency and the oscillator frequency 
usually is more convenient, since it will fall 
within the tuning range of a communications 
receiver.) Increase the modulating signal until 
a definite shift in carrier frequency is observed; 
this indicates the point at which non-linearity 
starts. The modulating signal should be kept 
below the level at which 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 audio oscillator or signal 
generator. Tune in the carrier as described 
above, using the beat oscillator and high selec-
tivity, and adjust the modulating signal to the 
maximum level at which linear operation is 
secured. Starting with the lowest frequency 
available, slowly raise the tone frequency while 
listening closely to the carrier beat note. As the 
tone frequency is raised the beat note first will 
decrease in intensity, then disappear entirely 
at a definite frequency, and finally come back 
and increase in intensity as the tone frequency 
is raised still more. The frequency at which the 
beat note disappears, multiplied by 2.4, is the 
frequency deviation at that level of modulating 
signal; for example, if the beat note disappears 
with an 800-cycle tone, the deviation is 2.4 X 
800, or 1920 cycles. The deviation at the out-
put frequency is the oscillator deviation multi-
plied 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 unmodulated 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. If the 
amplitude is constant, the lamp brilliance will 
not change with modulation. 



CHAPTER SIX 

Keying 

«1 6-1 Keying Principles and 
Characteristics 

Requi,eniciiis— 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 stations 
and with local broadcast 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-wave, 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 some energy to get 
to the antenna through the grid-plate capacity 
of the tube, or because of magnetic coupling 
between antenna coupling coils and one of the 
low-power stages. 
A back-wave also may be radiated if the key-

ing system does not reduce the input to the 
keyed stage to zero during keying spaces. This 
trouble will not occur in keying systems which 
cut off the plate voltage when 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 primary keying 
systems (§6-3) if only the final-stage power-
supply primary is keyed. 
Keying waveform and sidebands — A 

keyed c.w. signal can be considered equivalent 
to a modulated signal (§ 5-1), except that, in-
stead of being modulated by sinusoidal waves 
and their harmonics, it is modulated by a rec-
tangular wave, as in Fig. 601-A. If it were modu-
lated by a sinusoidal wave of single frequency, 
as in Fig. 601-B, 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 the frequency of the highest 
harmonic. The rectangular wave form con-
tains an infinite number of harmonics of the 
keying frequency, so a carrier modulated by 
truly rectangular dots would have sidebands 
covering the entire spectrum. 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 — Because 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 or dying down), their effects outside 
the normal communication 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 same 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 has practically no click as the key is 
opened. A signal with heavy clicks on both 
make and break is difficult to copy at high 
speeds (and also causes considerable 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 

A 

Fig. 601 — Extremes of possible keying waveshapes. 
A, rectangular characters; B, sine-wave characters. 
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$g. plate 

Fig. 602 — A, plate keying; B, screen-grid keying. 
Oscillator circuits are shown in both cases, but the same 
keying methods can be used with amplifier circuits. 

while the keying still will not cause interfer-
ence to reception of other signals near the 
frequency of the transmitter. 
Break-in keying—Since, in code transmis-

sion, there are definite intervals between dots 
and dashes and between words, when no power 
is being radiated by the transmitter it is possi-
ble, with suitable keying methods, to allow 
the receiver to operate continuously. 
and thus be capable of receiving in-
coming signals during the keying in-
tervals. This practice facilitates com-
munication, because 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, and thus 
obtain a repetition of the missing part without (A) 
loss of time. This is called break-in operation. 
Frequency stability— Keying should have 

no effect upon the output frequency of a prop-
erly designed and adjusted transmitter. How-
ever, in many instances keying will cause a 
"chirp," or small frequency change, at the 
instant of closing or opening the key, which 
makes the signal difficult to read. Multi-stage 
transmitters keyed in a stage subsequent to 
the oscillator usually are free from this condi-
tion, unless the keying causes line-voltage 
changes which in turn affect the frequency of 
the oscillator. When the oscillator is keyed 
for break-in operation, special care must be 
taken to insure that the signal does not have 
keying chirps. 
Selecting the stage to key — It is advan-

tageous from an operating standpoint to 
design the c.w. transmitter for break-in opera-
tion. In ordinary cases this dictates that the 
oscillator be keyed, since a continuously 
running oscillator will create interference in the 
receiver and thus prevent break-in operation 
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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 
be 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 reduces 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 is 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 consideration, 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 keying relay is 
highly recommended when a high-power cir-
cuit is keyed. 

4:[ 6-2 Keying Circuits 

Plate-circuit keying — Any stage of the 
transmitter can be keyed by opening and clos-
ing the plate power circuit. 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 
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Fig. 603 — Power-supply keying. Grid-control rectifiers 
are used in A. Transformer T is a sma I multiple-second-
ary unit of the type used in receiver power supplies, 
and is used in conjunction with the full-wave recti-
fier tube to develop bias voltage for the grids of the high. 
voltage rectifiers. /it limits the load on the bias supply 
when the keying relay is closed; 50,000 ohms is a suitable 
value. CI may be 0.1 pfd. or larger. L and C constitute the 
smoothing filter for the high-voltage supply in both cir-
cuits. B shows direct keying of the transformer primary. 
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Fig. 604 — Blocked-grid keying. R1, the current-limit-
ing resistor, should have a value of about 50,000 ohms. 
CI may have a capacity of 0.1 to 1 pfd., depending 
upon the keying characteristic desired. R2 also depends 
on the performance characteristic desired, values being 
of the order of 5000 to 10,000 ohms in most cases. 

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. 
Both the plate and screen-grid keying circuits, 

A and B of Fig. 602, respond well to the use of 
key-click filters, and are particularly suitable 
for use with crystal and self-controlled oscilla-
tors which are operated at low plate voltage 
and power input. 
Power-supply keying — A variation of 

plate keying, in which the keying is introduced 
in the power-supply system itself, rather than in 
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 (f 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 
circuit is used 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-B. 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 effective in eliminat-
ing key clicks. A single-section plate-supply 
filter (§ 8-6) is about the most elaborate type 
that can be used if a reasonably good keying 
characteristic is to be achieved. 

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 the key is open, 
and by removing this blocking bias when the 
key is closed. The blocking bias voltage must 
be sufficient to overcome the r.f. grid volt-
age, in the ease 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, RI, which limits the cur-
rent drain on the blocking-bias source when the 
key is closed. & CI 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 
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 supply, if desired, by 
utilizing suitable taps on a voltage divider 
(§ 8-10). For circuits in which no fixed bias is 
used R2, 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 characteristic (lag) readily 
can be controlled by a suitable choice of values 
for C1 and R2. 
Cathode keying — Opening the d.c. circuits 

of both plate and grid simultaneously is called 
cathode keying. It is usually called center-tap 
keying with a directly heated filament-type 
tube, since in this case the key is placed in the 
filament-transformer center-tap lead. Typical 
circuits for this type of keying are shown in 
Fig. 605. 
Cathode keying results in less sparking at 

the key contacts, for the same plate power, 
as compared with keying in the plate-supply 
lead. When used with an oscillator it does not 
respond as readily to key-click 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. 

Phele 
Return 

Grid gale 
Return Return 

Fig. 605— Center-tap and cathode keying.The conden-
sers, C, are r.f. by-pass condensers. Their capacity is not 
critical, values of 0.001 to 0.01 dd. ordinarily being used. 
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41 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 
which may modulate the transmitter output 
or may simply be radiated by the wiring in the 

Keying 
Line 

RFC 

Key 

keying circuit. Interference 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 can be minimized by 
isolating the key from the wiring by means of a 
low-pass filter (§ 2-11), which usually consists 
of an r.f. choke in each key lead, placed 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 µfd. 

This type of r.f. filter is required in nearly 
every keying installation, in addition to the 
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 

To Keyed Circuit 

Fig. 606 — R.f. filter used for 
eliminating the effects of sparking 
at key contacts. Suitable values 
for best results with individual 
transmitters must be determined 

RFC by experiment. Values for RFC 
range from 2.5 to 80 millihenries 
and for C from 0.001 to 0.1 ;dd. 

Fig. 607 —Lag circuit used for 
shaping the keying character to 
eliminate unpecessary sidebands. 
Actual values for any given circuit 
must be determined by experiment, 
and may range from 1 to 30 henries 
for L and from 0.05 to 0.5 pfd. for 
C, depending on the plate current. 

From Keg 
and rf filter 

small. For example, a 300-volt 6-ma. circuit 
will require about 30 henrys and 0.05 pfd., 
while a 300-volt 50-ma. circuit needs about 
1 henry and 0.5 pfd. 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. 604, the click on "make" is 
reduced by increasing the capacity of C1, and 
the click on break is reduced by increasing CI 
and/or R2. The values required for individual 
installations will vary with the amount of 
blocking voltage and the grid current. The 
constants given in Fig. 604 will 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 be 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. 

6-4 Checking Transmitter Keying 

Clicks — 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.c. 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. When the keying constants have 
been adjusted to meet this condition, the 
clicks will be about optimum for all normal 
amateur work. If the clicks are too pronounced, 
they will cause interference with other ama-
teur transmissions, and possibly to nearby 
broadcast receivers. 
Chirps —Keying chirps (instability) may 

be checked by tuning in the signal or one of 
its harmonics on the highest frequency range 
of the receiver and listening with the b.f.o. 
on and the a.v.c. off. The gain should be suffi-
cient to give moderate signal strength, but 
it should be low enough to preclude the possi-
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 be readily apparent. 
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Listening to a harmonic 
will magnify the effect of 
any instability by the order 
of the harmonic, and thus 
make more perceptible. 

nov 
Oscillator keying — 

The keying of an ampli-
fier is relatively straight-
forward and requires no 
special treatment, but a 
few additional precautions will be found neces-
sary 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 change 
in frequency with plate-voltage change is neg-
ligible. A crystal oscillator will oscillate at low 
plate voltages if a regenerative type of circuit 
such as the Tritet or grid-plate (§ 4-5) is used 
and if an r.f. choke is connected 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 between 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. 

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 

6F8G 

23 
Fig. 609 — Circuit diagram of a keying monitor of the 
audio-oscillator type, with self-contained power supply. 

Ci — 25-5M. 25-volt electrolytic. 
Cs — 250-ssfd. mica. 
CS — Approximately 0.01 sfd. (see text). 
111 — 0.15 megohm, /-watt. 
Rs— Approximately 0.1 megohm, 1-watt (see text). 
- 6.3-volt 1-ampere filament transformer. 

Ts — Small audio transformer, interstage type. 

3 

P, 
GND. 

KevedOratie 

Fig. 608 —Vacuum-tube keyer circuit. The voltage 
drop across the tubes will be approximately 90 volts with 
the two Type 45 tubes shown, when the keyed current 
is 100 milliamperes. More tubes can he connected in par-
allel to reduce the drop. Suggested values are as follows: 

Ci — 251d. 600-volt paper. 
C2— 0.003-µfd. mica. 
Ca— 0.005-sfd. mica. 
RI — 0.25 megohm, 2-watt. 
112— 50,000 ohms, 10-watt. 
Rs, — 5 ruegohms, 3f -watt. 
— 03 megohm, %-wat t. 

Swi, SW2 — 1-circuit 3-position rotary switch. 
— Power transformer, 325 volts each side of center. 

tap, with 5-volt and 2.5-volt filament windings. 

A wider range of lag adjustment can he obtained by 
using additional resistors and condensers. Suggested 
values of capacity, in addition to C2 and CS, are 0.001 
and 0.002 µM. Resistors in addition to Rs could be 2, 2, 3 
and 5 megohms. More switch positions will be required. 

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," especially if a 
"bug" or semi-automatic key is used. While 
several types have been devised, the most 
popular consists of an audio oscillator the out-
put of which is coupled to the receiver loud 
speaker or headphones, and which is keyed 
simultaneously with the transmitter. Fig. 609 
shows the circuit diagram of a simple keying-
monitor oscillator. The plate 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 oscillator. A change in the 
value of RI will alter the output tone. The out-
put terminal labeled Gnd should be connected 
directly to the receiver chassis, while P1 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 on re-
ceived signals, unless the coupling capacity, CS, 
is made sufficiently small. At the same time, 
however, the capacity should be made large 
enough to provide good transfer of the oscillator 
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. 
With 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. 



CHAPTER SEVEN 

q_eceiver Principles and Design 

(I, 7-1 Elements of Receiving Systems 

Basie requirements—The purpose of a 
radio receiving system is to abstract energy 
from passing radio waves and convert it into 
a form which conveys the intelligence con-
tained in the transmitted signal. The receiver 
also must be able to select a desired signal and 
eliminate those not wanted. The fundamental 
processes involved are those of amplification 
and detection. 
Detection — The high frequencies used for 

radio signaling are well beyond the audio-
frequency range (§ 2-7), and therefore 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 detection or de-
modulation, is essentially that of reetifieation 
(§ 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 low-frequency varia-
tions are readily amplified, and can be applied 
to the headphones, loudspeaker or other form 
of electromechanical device. 
Code signals — The dots and dashes of code 

(c.w.) transmissions are rectified as described, 
but in themselves can produce no audible tone 
in the headphones or loudspeaker because they 
are of constant amplitude. 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). R.f. and if. amplifiers practi-
cally always employ tuned circuits. 

Types of receivers —Receivers may vary 
in complexity from a simple detector with no 
amplification to multi-tube arrangements hay-
ing amplification at several different radio 
frequencies as well as at audio frequency. A 
regenerative detector (§ 7-4) with or without 
audio-frequency amplification (§ 7-5) is known 
as a regenerative receiver; if the detector is pre-
ceded by one or more tuned r.f. amplifier 
stages (§ 7-6), the combination is known as 
a t.r.f. (tuned radio frequency) receiver. The 
superheterodyne receiver (§ 7-8) employs r.f. am-
plification at a fixed intermediate frequency 
as well as at the frequency of the signal itself, 
the latter being converted by the heterodyne 
process to the intermediate frequency. 

At very-high frequencies the superregenera-
tive detector (§ 7-4), usually with audio ampli-
fication, is used in the superregenerative re-
ceiver or superregenerator, providing large am-
plification of weak signals with simple circuit 
arrangements. 

11. 7-2 Receiver Characteristics 

Sensitivity — Sensitivity is defined as the 
strength of the signal (usually expressed in 
microvolts) which must be applied to the input 
terminals of the receiver to produce a specified 
audio-frequency power output at the loud-
speaker or headphones (§ 7-5). It is a measure 
of the amplification or gain of the receiver. 
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Fig. 701—Selectivity curve of a modern superhet-
erodyne receiver. Relative response is plotted against 
deviations above and below the resonance frequency. 
Tile scale at the left is in terms of voltage ratios; 
the corresponding decibel steps are shoun 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 from the 
receiver at a specified value of modulated car-
rier voltage applied to the input terminals. 
The hiss-like noise mentioned above is in-

herent in the circuits and tubes of the receiver, 
and its amplitude depends upon the selectivity 
of the receiver. The greater the selectivity the 
smaller the noise, other things being equal 
(§ 7-6). In addition 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-noise ratio. 

Selectivity — Selectivity is the ability of a 
receiver to discriminate against signals of fre-
quencies differing from that of the desired sig-
nal. The over-all selectivity will depend upon 
the selectivity of the individual tuned circuits 
and the number of such circuits. 
The selectivity of a receiver is shown graph-

ically by drawing a curve which gives the ratio 
of signal strength required at various frequen-
cies off resonance to the signal strength at 
resonance, to give constant output. A resonance 
curve of this type (taken on a typical com-
munications-type superheterodyne receiver) is 
shown in Fig. 701. The band-width is the width 
of the resonance curve (in cycles 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 down"). 

Selectivity for signals within a few kilocycles 
of the desired-signal frequency is called adja-
cent-channel selectivity, to distinguish it from 
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. Primarily, it means the ability 
to stay tuned to a given signal. However, a 
receiver which at some settings of its controls 
has a tendency to break into oscillation, or 
"howl," also is said to be unstable. 
The stability of a receiver is affected prin-

cipally by temperature variations, 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 enough to ac-
commodate the highest modulation frequency 
transmitted, and the relative amplitudes of the 
various frequency components within the band 
must not be changed in the output. 

(A) 

(B) 

(C) 

A F Output 

Fig. 702 — Simplified and practical diode detector 
circuits. A, the elementary half-wave diode detector; 
Bs a practical circuit, with r.f. filtering and audio output 
coupling; C, full-wave diode detector, with output MU 
ffling indicated. The circuit, L2Ci, is tuned to the signal 
frequency; typioal values for C2 and RI in A and B are 
250 55fd, and 250,000 ohms, respectively; in B, C2 and 
Ca are 100 55fd. each; Ri, 50,000 ohms; and R2, 250,000 
ohms. C4 is 0.1 51d. and Ra may be 0.5 to 1 megohm. 

7-3 Detectors 

Characteristics—The important charac-
teristics of a detector are its sensitivity, fidelity 
or linearity, resistance or impedance, and sig-
nal-handling capability. 

Detector sensitivity is the ratio of audio-
frequency output to radio-frequency input. 
Linearity 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 consumed in the detector. The signal-
handling capability means the ability of the 
detector to accept signals of a specified ampli-
tude without overloading. 
Diode detectors — The simplest detector is 

the diode rectifier. Circuits for both half-wave 
and full-wave (§ 8-3) diodes are given in Fig. 
702. The simplified half-wave circuit at 702-A 
includes the r.f. tuned circuit, L2(71, a coupling 
coil, LI, from which the r.f. energy is fed to 
L2Ci, and the diode, D, with its load resist-
ance, RI, and by-pass condenser, C2. The flow 
of rectified r.f. current through RI causes a d.c. 
voltage to develop across its terminals, and 
this voltage varies with the modulation on the 
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Fig. 703 — Diagram:- show ing the detection process. 

signal. The — and -F signs show the polarity 
of the voltage. The variation in amplitude of 
the r.f. signal with modulation causes corre-
sponding variations in the value of the d.c. 
voltage across RI. The load resistor, RI, usually 
has a rather high value of resistance, so that a 
fairly large vc,Itage 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-
cal modulated signal as it exists in the tuned 
circuit is shown at A. When applied to the 
rectifier tube, current flows from plate to cath-
ode only during the part of the r.f. cycle when 
the plate is positive with respect to the cath-
ode, so that the output of the rectifier consists 
of half-cycles of r.f. still modulated as in the 
original signal. These current "pulses" flow 
in the load circuit comprised of R1 and C2, the 
resistance of R1 and the capacity of C2 being so 
proportioned that C2 charges to the peak value 
of the rectified voltage on each pulse and re-
tains enough charge between pulses so that the 
voltage across R1 is smoothed out, as shown in 
C. C2 thus acts as a filter for the radio-fre-
quency component of the output of the recti-
fier, leaving a d.c. component which varies in 
the same way as the modulation on the original 
signal. When this varying d.c. voltage is ap-
plied to a following amplifier through a cou-
pling condenser (C4 in Fig. 702-B), only the 
variations in voltage are transferred, so that 
the final output signal is a.c., as shown in D. 

In the circuit at 702-B, R1 and C2 have been 
divided for the purpose of providing a more 
effective filter for r.f. It is important to prevent 
the appearance of any r.f. voltage in the output 
of the detector, because it may cause overload-
ing of a succeeding amplifier tube. The audio-
frequency variations can be transferred to 
another circuit through a coupling condenser, 
Cg in Fig. 702, to a load resistor, R3, which 
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 is prac-
tically identical in operation to the half-wave 
circuit, except that both halves of the r.f. cycle 
are utilized. The full-wave circuit has the ad-
vantage that very little r.f. voltage appears 
across the load resistor, R1, because the mid-
point of L2 is at the same potential as the cath-
ode, or "ground" for r.f. 
The reactance of C2 must be small compared 

to the resistance of R1 at the radio frequency 
being rectified, but at audio frequencies must 
be relatively large compared to RI (§ 2-8,2-13). 
This condition is satisfied by the values shown. 
If the capacity of C2 is too large, response at the 
higher audio frequencies will be lowered. 
Compared with other detectors, the sensitiv-

ity of the diode is low. 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. 704-A, the grid corresponds to the diode 

Fig. 704— Grid-leak detector circuits, A, triode; B, pen-
tode. A tetrode may be used in the circuit of 13 by 
neglecting the suppressor-grid connect' . Transformer 
coupling may be substituted for resistance coupling in 
A, or a high-inductance choke may replace the plate 
resistor in B. LiCt is a circuit tuned to the signal fre-
quency. The grid leak, RI, may be connected directly 
from grid to cathode instead of across the grid condenser 
as shown. The operation with either connection will be 
the same. Representative values for components are: 
Comp nt Circuit .4 Circuit B 

C2 

C3 

C4 
C5 
RI 
R2 

R3 

R4 

L . 

100 to 250 µdd. 
0.001 to 0.002 dd. 
0.1 ad. 

1 to 2 megohms. 
50,000 ohms. 

Audio transformer. 

100 to 250 µdd. 
250 to SOO µµfd. 
0.1 µfd. 
0.5 dd. or larger. 
1 to 5 megohm.. 
100,000 to 250,000 ohms. 
50,000 ohms. 
20,000 ohms. 

500-henry choke. 
The plate voltage in A should be about 50 volts for 
best sensitivity. In B, the screen voltage should he 
about 30 volts and the plate voltage from 100 to 250. 
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plate and the rectifying action is exactly the 
same as just described. The d.c. voltage from 
rectified-current flow through the grid leak, R1, 
biases the grid negatively with respect to cath-
ode, and the audio-frequency variations in 
voltage across R1 are amplified through the 
tube just as in a normal a.f. amplifier. In the 
plate circuit, R2 is the plate load resistance 
(§ 3-3) and Cg is a by-pass condenser to elim-
inate 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) ior 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 Ca 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, .1,2, 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. Cg 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 R1 
(§ 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 
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Fig. 705 —Circuits fur plate detection. A, triode; B, 
pentode. The input circuit, L, C1, is tuned to the signal 
frequency. Typical values for the other constants are: 

Component Circuit .4 Circuit 

Ca 0.5 pfd. or larger. 
Ca 0.001 to 0.002 pfd. 
C4 0.1 pfd. 
Cfi 
RI 25,000 to 150,000 ohms. 
R2 50,000 to 100,000 ohms. 
R 
Rs 

0.5 pH. or larger. 
250 to 500 ppfd. 
0.1 pfd. 
0.5 afd. or larger. 
10,000 to 20,000 ohms. 
100,000 to 250,000 ohms. 
50,000 ohms. 
20,000 ohms. 

Plate voltages from 100 to 250 volts may be used. 
Effective screen voltage in B should be about 30 volts. 

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 generale 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-
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 



134 THE RADIO 

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. (('I) but not for audio 
(§ 2-13), while the plate circuit is by-passed 

-e AF 
OUTPUT 

Fig. 706 — The infinite-impedance or linear detector. 
The input circuit, L2Q, is tuned to the signal fre-
quency. Typical values for the other constants are: 

C2- 250 551d. RI — 0.15 ortegohm. 
Ca — 0.5 5fd. R2 — 25,000 ohms. 
C4 — 0.1 dd. 113 0.25-megohm volume control. 

A tube having a medium amplification factor (about 
20) should be used. Plate voltage should be 250 volts. 

to ground for both audio and radio frequencies. 
R2 forms, with C2, 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 Ri 
similarly increases with signal, because of the 
increased plate current. Because of this and 
the fact that the initial drop across R1 is large, 
the grid cannot be driven positive with respect 
to the cathode by the signal, hence no grid 
current can be drawn. 

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-
mum regenerative amplification takes place 
only at the frequency to which the circuit is 
tuned. The grid-leak type of detector is most 
suitable for the purpose. Except for the re-
generative connection, the circuit values are 
identical with those previously described for 
this type of detector, and the same considera-
tions apply. The amount of regeneration must 
be controllable, because maximum regenerative 
amplification is secured at the critical point 
where the circuit is just about to oscillate 
(§ 3-7) and the critical point in turn depends 
upon circuit conditions, which may vary with 
the frequency to which the detector is tuned. 

Fig. 707 shows the circuits of regenerative 
detectors of various types. The circuit of A 
is for a triode tube, with a variable by-pass 
condenser, C2, in the plate circuit to control 
regeneration. When the capacity is small the 

AMATEUR 'S HANDBOOK 

tube does not regenerate, but as it increases 
toward maximum its reactance ( § 2-8) becomes 
smaller until a critical value is reached where 
there is sufficient feed-back to cause oscillation. 
If L2 and L3 are wound end-to-end iii the same 
direction, the plate connection is to the out-
side of the plate or " tickler" coil, L3, when the 
grid connection is to the outside of L2. 
The circuit of B is for a screen-grid tube, re-

generation being controlled by adjustment of 
the screen-grid voltage. The tickler, Ls, 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 dd. or more) to filter out scratching noise 
when the arm is rotated (§ 2-11). The feed-
back is adjusted by varying the number of 
turns on L3 or the coupling (§ 2-11) 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 would give the same 
value of regeneration regardless of frequency 
and the loading on the circuit. In practice, the 
effects of loading, particularly the loading that 
occurs when the detector circuit is coupled to 
an antenna, are difficult to overcome. Like-
wise, the regeneration is affected by the 
frequency to which the grid circuit is tuned. 

In all circuits it is best to wind the tickler at 
the ground or cathode end of the grid coil, and 
to use as few turns on the tickler as will allow 
the detector to oscillate easily over the whole 
tuning range at the plate (and screen, if a 
pentode) voltage which gives maximum sen-
sitivity. Should the tube break into oscillation 
suddenly as the regeneration control is ad-
vanced, making a click, the operation often can 
be made smoother by changing the grid-
leak resistance to a higher or lower valu erne 
wrong grid leak plus too-high plate and screen 
voltage are the most frequent causes of lack 
of smoothness in going into oscillation. 
Antenna coupling — If the detector is 

coupled to an antenna, slight changes in the 
antenna constants (as when the wire swings in 
a breeze) affect the frequency of the oscilla-
tions generated, and thereby the beat fre-
quency when c.w. signals are being received. 
The tighter the antenna coupling is made, the 
greater will be the feed-back required or the 
higher will be the voltage necessary to make 
the detector oscillate. The antenna coupling 
should be the maximum that will allow the 
detector to go into oscillation smoothly with 
the correct voltages on the tube. If capacity 
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coupling (§ 2-11) to the grid end of the coil is 
used, only a very small amount of capacity 
will be needed to couple to the antenna. 
Increasing the capacity increases the coupling. 
At frequencies where the antenna system is 

resonant the absorption of energy from the 
oscillating detector circuit will be greater, with 
the consequence that more regeneration is 
needed. In extreme cases it may not be possible 
to make the detector oscillate with normal 
voltages, causing so-called " dead spots." The 
remedy for this is to loosen the antenna cou-
pling to the point which permits normal oscilla-
tion and smooth regeneration control. 
Body capacity — A regenerative detector 

occasionally shows a tendency to change fre-
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. If body capacity is present when the 
antenna is disconnected, it can be eliminated 
by better shielding, and sometimes by r.f. 
filtering of the 'phone leads. Body capacity 
which is present only when the antenna is 
connected is caused by resonance effects in 
the antenna, which tend to cause part 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 varied electrically (by adding a small 
coil or variable condenser in the antenna lead) 
until the effect is minimized. Loosening the 
coupling to the antenna circuit also will help. 
Hum — Hum at the power-supply frequency 

may be present in a regenerative detector, es-
pecially when it is used in au oscillating condi-
tion for c.w. reception, even though the plate 
supply itself is free from 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-C 
is used, and then only at 14 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 hum. It is 
prone to occur with a rectified 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. 
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Fig. 707 —Triode and pentode regenerative detector 
circuits. The input circuit, L2C1, is tuned to the signal 
frequency. The grid condenser, Cz, should have a value 
of about 100 µdd. in all circuits; the grid leak, 
may range in value from 1 to 5 megohms. The tickler coil, 
LS, ordinarily will have from 10 to 25 per cent of the 
number of turns on Li; in C, the cathode tap is about 10 
per cent of the number of turns on L2 above ground. 
Regeneration control condenser Cs in A should have a 
maximum capacity of 100 pmfd. or more; by-pass con-
densers Cs in B and C are likes ise 100 e.pfd. CS is ordi-
narily 1 dd. or more; R2, a 50,000-ohm potentiometer; 
Rs, 50,000 to 100,000 ohms. L4 in B (Ls in C) is a 500.. 
henry inductance, C4 is 0.1 dd. in both circuits. Ti 112 A 
is a conventional audio transformer for coupling from 
the plate of a tube to a following grid. RFC is 2.5 mh. 
In A, the plate voltage should be about 50 volts for 
best sensitivity. Pentode circuits require about 30 volts 
on the screen; plate voltage may be 100 to 250 volts. 
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Fig. 708 — As the tuning dial of a receiver is turned 
past a c.w, signal, the beat note varies from a high tone 
down through "zero beat" (no audible frequency differ-
ence} and back up to a high tone, as shom n at À, B and 
C. The curve is a graphical representation of the action. 
The beat exists past 8000 or 10,000 cycles but usually is 
not heard because of the limitations of the audio system. 

Elimination of antenna resonance effects as 
described and by-passing the rectifier plates to 
cathode (using by-pass condensers of the order 
of 0.001 dd.) usually will cure it. 
Tuning — For c.w. reception, the 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 is decreasing. 
The proper adjustment of the regeneration 

control for best reception of c.w. signals is 
where the detector just starts to oscillate, when 
it will be found that c.w. signals can be tuned 
in and will give a tone with each signal depend-
ing on the setting of the tuning control. As the 
receiver is tuned through a signal the tone first 
will be heard as a very high pitch, then will go 
down through " zero beat" (the region where the 
frequencies of the incoming signal and the os-
cillating detector are so nearly alike that the 
difference or beat is less than the lowest audible 
tone) and rise again on the other side, finally 
disappearing at a very high pitch. This behavior 
is shown in Fig. 708. It will be found that a 
low-pitched beat-note cannot be obtained from 
a strong signal because the detector " pulls in" 
or "blocks"; that is, the signal tends to control 
the detector in such a way that the latter os-
cillates at the signal frequency, despite the 
fact that the circuit may not be tuned exactly 
to resonance. This phenomenon, commonly 
observed when an oscillator is coupled to a 
source of a.c. voltage of approximately the 
frequency at which the oscillator is operating, 
is called "locking-in"; the more stable of the 
two frequencies assumes control over the other. 
"Blocking" usually can be corrected by ad-
vancing the regeneration control until the 
beat-note occurs again. If the regenerative 
detector is preceded by an r.f. amplifier stage, 
the blocking can be eliminated by reducing the 

gain of the r.f. stage. If the detector is coupled 
to an antenna, the blocking condition can be 
eliminated by advancing the regeneration 
control or loosening the antenna coupling. 
The point just after the 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. 

Superregeneration —The limit to which 
ordinary regenerative amplification can be 
carried is the point at which oscillations com-
mence, since at that point further amplification 
ceases. The superregenerative detector over-
comes this limitation by introducing into the 
detector circuit an alternating voltage of a 
frequency somewhat above the audible range 
(of the order of 20 to 100 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 
signal will build up to relatively tremendous 
proportions. The superregenerative circuit is 

Fig. 709 — Superregenerative detector circuit using a 
separate quench oscillator. Lan is tuned to the signal 
frequency. Typical values for other components are: 
C2 — 100 itedd. 
C3 — 500 Imfd. 
C4 — 0.1 :dd. 
Ri — 5 megohms. 
R2 — 50,000 ohms. 
Ra — 50,000-ohm poten-

tiometer. 
114 — 50,000 ohm& 

Ti — 

RFC 

Audio transformer, 
plate-to-grid type. 

— ILL choke, value de-
pending upon the fre-
quency in use. Special 
low-capacity chokes 
are required for the 
very-high frequencies, 
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suitable only for the re-
ception of modulated sig-
nals, and operates best on 
the very-high frequencies 
where it has found con-
siderable application in 
simple receivers. 
A typical superregen-

erative circuit for very-
high frequencies is shown 
in Fig. 709. The regenera-
tive detector circuit is an 
ultraudion oscillator (§ 3-
7). The quench frequency, 
obtained from a separate 
quench oscillator, is intro-
duced in the plate circuit. 
Many other circuit ar-
rangements are possible. 

If regeneration in an 
ordinary regenerative cir-
cuit is carried sufficiently 
far, the circuit will break 
into a low-frequency os-
cillation simultaneously 
with that at the oper-
ating radio frequency. This low-frequency oscil-
lation has much the same quenching effect as 
that from a separate oscillator, hence a circuit so 
operated is called a self-quenching superregen-
erative detector. This type of circuit is more suc-
cessful at very-high than at ordinary communi-
cation frequencies. The frequency of the quench 
oscillation depends upon the feed-back and 
upon the time constant of the grid leak and con-
denser, the oscillation being a form of " bloc king" 
or "squegging" in which the grid accumulates 
a strong negative charge which does leak off rap-
idly enough through the grid leak to prevent a 
relatively slow variation of the operating point. 
The superregenerative detector has rela-

tively little selectivity as compared to a regular 
regenerative detector, but discriminates against 
noise such as that from automobile ignition 
systems. It also has marked automatic volume 
control action, since strong signals are am-
plified much less than weak signals. 
Adjustment of superregenerative detec-

tors — Because of the greater amplification, 
the hiss when the superregenerative detector 
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 similar to those with regenerative 
detectors, and these 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. 
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Fig. 710 — Audio amplifier circuits used for voltage amplification and to provide 
power for headphone output. The tubes are operated as Class-A amplifiers ( 3-4). 

Ill 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) (§ 2-8, 2-13). In 
battery-operated receivers, a separate grid-
bias battery generally is used. 
Headset and voltage amplifiers — The 

circuits shown in Fig. 710 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. 



138 THE RADIO AMATEUR'S HANDBOOK 

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. The grid resistor, RI, may be a 
potentiometer for volume control, as shown at 
R1 in Fig. 710. The output transformer, T, 
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. 711-B. 
Transformer coupling to the voltage-amplifier 
stage is the simplest method of obtaining push-
pull input for the amplifier grids. The inter-
stage transformer, Tz, has a center-tapped 
secondary with a secondary-to-primary turns 
ratio of about 2 to 1. An output transformer, 
Tz, with 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 control — A tone control is a 

device for changing the frequency response 
(§ 3-3) of an audio amplifier; usually it is 
simply a method for reducing high-frequency 
response. This is helpful in reducing hissing and 
crackling noises without disturbing the intel-
ligibility of the signal. R4 and C4, in Fig. 
710-D, together form an effective tone control 
of this type. The maximum effect is secured 
when the resistance of R4 is entirely out of the 
circuit, leaving C4 connected directly between 
grid and ground. R4 should be large compared 
to the reactance of Ca (§ 2-8) so that when its 
resistance is all in circuit the effect of C4 on the 
frequency response is negligible. 
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E‘„ Yoke 
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(B) 
Fig. 711 —Power-output audio amplifier circuits. Ei-
ther Class A or AB amplification ($ 3-4) may be used. 

Headphones and loudspeakers— Two types 
of headphones are in general use, the magnetic 
and crystal types. They are shown in cross-
section in Fig. 712. 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. 712, are called "double-pole.") A thin 
circular diaphragm of iron is placed close to 
the open ends of the magnet. It is tightly 
clamped by the earpiece assembly around its 
circumference, and the center is drawn toward 
the permanent magnet under some tension. 
When an alternating current flows through the 
windings the field set up by the current 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 d.c. resistance of the coils 
'nay be of the order of 2000 ohms, the a.c. 
impedance of a magnetic type headset will be 
of the order of 20,000 ohms at 1000 cycles. 

In the crystal headphone, two piezoelectric 
'crystals (§ 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 to the ear-
piece, with the free end coupled to a diaphragm. 
When an alternating voltage is applied, the 
alternate bending as the polarity of the applied 
voltage reverses makes the diaphragm vibrate 
back and forth. The impedance is several times 
that of the magnetic type. 

Magnetic-type headsets tend to give maxi-
mum response at frequencies of the order of 
500 to 1000 cycles, with a considerable reduc-
tion of response (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 the 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 outside the 
region of maximum response, while the crystal 
type is better for the reception of voice and 
music. Magnetic headsets can be used in cir-
cuits in which d.c. is flowing, such as the plate 
circuit of a vacuum tube, providing the current 
is not too large to be carried safely by the wire 
in the coils; the limit is a few milliamperes. 
Crystal headsets must be used only on a.c. 
(since a steady d.c. voltage will damage the 
crystal unit), and consequently must be coupled 
to the tube through a device, such as a con-
denser, which isolates the d.c. 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. 
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Fig. 712 —Headphone and loudspeaker construction. 

712. The signal is applied to a small coil (the 
voice coil) which is free to move in the gap 
between the ends of a magnet. The magnet 
is made in the form of a cylindrical coil 
slightly smaller than the form on which the 
voice coil is wound, with the magnetic circuit 
completed through a pole piece which fits 
around the outside of the voice coil leaving 
just enough clearance for free movement of the 
coil. The path of the flux through the magnet is 
as shown by the dotted lines in the figure. 
The voice coil is supported so that it is free to 
move along its axis but not in other directions, 
and is fastened to a fiber or paper conical 
diaphragm. When current is sent through the 
coil it moves in a direction determined by the 
polarity of the current (§ 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. 712 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. 

C. 7-6 Radio-Frequency Amplifiers 

Circuits— Although there may be var-
iations in detail, practically all r.f. am-
plifiers conform to the basic circuit shown 
in Fig. 713. 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, LiCi, is 
coupled through L2 to the antenna (or, in some 
cases, to a preceding stage). RI and C2 are the 

cathode bias resistor and by-pass condenser, 
C3 is the screen by-pass condenser, and R2 is the 
screen dropping resistor. L3 is the primary of 
the output transformer (§ 2-11), tightly cou-
pled to L4, which, with Cg, constitutes the tuned 
circuit feeding the detector or following ampli-
fier. The input and output circuits, LiCi 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 its distance from the coil (see page 420). 
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-II type tubes 
(§ 3-5), hence this type usually is found in r.f. 
amplifiers. In Fig. 713, R3 and R4 comprise the 
gain-control circuit. Rg 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. R3 could simply be placed in 
series with RI, omitting R4 entirely, but the 
range of control with this connection is limited 
because it depends on the cathode current alone. 

58 

Fig. 713 —Basic circuit of a tuned radio-frequency 
amplifier. Component values are discussed in the text. 
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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 (RI) are then con-
nected together and to the movable contact 
on 113 in Fig. 713. 

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-afd. 
condensers at communication frequencies, or 
0.001 to 0.002 mica units at very-high fre-
quencies up to 112 Mc. 113 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, at 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 50 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 L/C 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 ppfd. 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 Li/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 depends upon 

the plate resistance (§ 3-2) of the tube, the 
input resistance of the succeeding stage, and 
the Q of the tuned circuit, L4C5. L3 usually is 
coupled as closely as possible to L4 (avoiding 
the necessity for an additional tuning con-
denser across /4) and the energy transfer is 
maximum when L3 has to 5,¡ as many turns 
as L4, with ordinary receiving pentodes. 
Tube and circuit noise — In any conductor 

electrons will be moving in random directions 
simultaneously and, 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 thermal-
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 ca-
thode 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 means that 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-pfd. 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 Mc. all 
tubes "load" the tuned circuit to some extent, 
the amount of loading varying with the type of 
tube. This effect comes about because the time 
necessary for electrons to travel from the 
cathode to the grid becomes comparable to the 
time of one r.f. cycle, and because of the de-
generative effect (§ 3-3) of the cathode lead 
inductance. It becomes more pronounced 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 
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a few hundred ohms at very-high frequencies. 
The input resistance of the same tubes at 7 Mc. 
and lower frequencies may be so high as to be 
considered infinite, from a practical standpoint. 

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 
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 1851 and 1852 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, 6J7 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 the 
1851-52 types worst. On signal-to-noise ratio 
the 1851-52 tubes are first, acorns second and 
standard pentodes third. The same order of 
precedence holds for over-all gain. 
At 56 Mc. the standard types are usable, 

but acorns are capable of better performance 
because of lesser loading. The 954 and 956 and 
the corresponding types, 9001 and 9003, are 
practically the only usable types for r.f. am-
plification at 112 Mc. and higher. 

41 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 problem 
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 Mc. 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 constants for various frequency bands. 
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 Laving an 

appropriate number of contacts, which 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 tin 
band in use. This is called bandspreading. 
Because of the varying widths of the bands, 
special tuning methods must be devised to give 
the correct maximum-minimum capacity ratio 
on each band. Several of these methods are 
shown in Fig. 714. 

In A, a small bandspread condenser, C1 (15 
to 25 µµfd. maximum capacity), is used in 
parallel with a condenser, C2, which is usually 
large enough (140 to 175 i.teifd.) to cover a 2-
to-1 frequency range. The setting of C2 will de-
termine the minimum capacity of the circuit, 
and the maximum capacity for bandspread 
tuning will be the maximum capacity of Ci 
plus the setting of C2. The inductance of the 
coil can be adjusted so that the maximum-
minimum ratio will give adequate band-
spread. In practicable circuits it is almost 
impossible, because of the non-harmonic rela-
tion of the various bands, to get full band-
spread on all bands with the same pair of con-
densers, especially when the coils are wound 
to give continuous frequency coverage on C2, 
which is variously called the band-setting or 
main-tuning condenser. C2 must be reset each 
time the band is changed. 
The method shown at B makes use of con-

densers in series. The tuning condenser, Ci, 
may have a maximum capacity of 100*µIdd. or 
more. The mini-
mum capacity is 
determined princi-
pally by the set-
ting 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 
pisfd. This method 
is capable of close 
adju4ment to prac-
tically any desired 
degree of band-
spread. Either Cs 
and C3 must be 
adjusted for each 
band or separate 
pre-adjusted con-
densers must be 
switched in. 
The circuit at 

C also gives com-
plete spread on bandspread tun:ng systems. 

(A) 

(B) 

Fig. 714 — Essentials of three 
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each band. C1, the bandspread condenser, 
may have any convenient value of capacity; 
50 spfd. is satisfactory. Cg 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 Cg 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 Cg is set at larger capacity. Cg 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 Cg each time the band is changed. 
Ganged tuning— The tuning condenses 

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 
electrically and mechanically. It becomes nec-
essary to make the various eircnits track — 
that is, tune to the same frequency at each 
setting of the tuning control. 
True tracking can be obtained only when the 

inductance, tuning condensers, and circuit 
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. 715, where C1 is the 
trimmer and C2 the tuning condenser. The use 
of the trimmer increases the minimum circuit 
capacity, but is a necessity for satisfactory 
tracking. Condensers having maximum capac-
ities of 15 to 30 mifd. are commonly used. 
The same methods are applied to band-

spread circuits which must be tracked. The 
circuits are identical with those of Fig. 714. 
If both general-coverage and bandspread tun-
ing are to be available, an additional trimmer 
condenser must be connected across the coil in 
each circuit shown. If only amateur-band tun-
ing is desired, however, then Cg in Fig. 714-B, 
and Cg in Fig. 714-C serve as trimmers. 

Fig. 715 — Showing the 
use of a trimmer condenser, 

across the tuned circuit 
to set the minimum circuit 
capacity in order to obtain 
true tracking for gang-tuning. 

The coil inductance can be adjusted by 
starting with a larger number of turns than 
necessary and removing a turn or fraction of 
a turn at a time until the circuits track satis-
factorily. An alternative method, provided the 
inductance is reasonably close to the correct 
value initially, is to make the coil so that the 
last turn is variable with respect to the whole 
coil, or to use a single short-circuited turn the 
position of which can be varied with respect to 
the coil. These methods are shown in Fig. 716. 

(A) (B) 
Fig. 716— Methods of adjusting the inductance for 
ganging. The half turn in A call he moved so that its 
xuagnetic field either aids or opposes the field of the coil. 
The shorted loop in B is not connected to the coil, but 
operates by induction. It will have no effect on the coil 
inductance when the plane of the loop is parallel to the 
axis of the coil, and will give maximum reduction of the 
coil inductance when perpendicular to the coil axis. 

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 
L/C 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 
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 be 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. 717-A, or by using a 
lower L/C ratio (§ 2-10). The Q of the tuned 
circuit alone can be greatly improved by using 
a linear circuit (§ 2-12), which when properly 
constructed will give Qs much higher than 
those attainable at lower frequencies with 
conventional coils and condensers. The con-
centric type of line, Fig. 717-B, is best both 
from the standpoint of Q and of adaptability 
to non-symmetrical circuits such as are used 
in receivers. Since the capacity and resistance 
loading effects of the tube are still present, the 
Q of such a circuit will be destroyed if the grid-
cathode circuit of the tube is connected di-
rectly across it. Hence, tapping down on the 
line, as shown, is necessary. 

Very-high-frequency amplifiers should em-
ploy tubes of the acorn type, which have the 



Receiver Principles and Design 143 
least loading effect as well as 
low interelectrode capacities. 
This is because the smaller 
loading effect means higher 
input resistance, and, for a 
given loaded Q of the tuned 
circuit, a higher voltage de-
veloped between the grid and 
cathode. Thus the amplifica-
tion of the stage is higher. 
A concentric circuit may be 

tuned by varying 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. 717-13, 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. 

V.h.f. oscillators such as those used in the 
superregenerative detector usually will work 
well at frequencies where r.f. amplification is 
impossible with standard tubes (as in the 
112-Mc, band), since tube losses are compen-
sated for by energy taken from the power 
supply. Ordinary coil and condenser circuits 
are practicable with such tubes at 112 Mo. 

7-8 The Superheterodyne 

Principles— In the superheterodyne, or 
super/tel, receiver the frequency of the incom-
ing signal is changed to a new radio frequency, 
the intermediate frequency (i.f.), then ampli-
fied, and finally detected. The frequency is 

R-7-1/nput 

Concentric 
Line 

RF 
Input 

Short-circuited 

Fig. 717 — Circuits of improved Q for very-high fre-
quencies. A, reducing tube loading by tapping down on 
the resonant circuit; B, use of a concentric-line circuit, 
with the tube similarly tapped down. The line should he 
a quarter-wave long, electrically; because of the addi-
tional shunt capacity represented by the tube, the 
physical length will be somewhat less than given by the 
formula (§ 10-5). In general, this reduction in length will 
be greater the higher the grid tap on the inner conductor. 
The coupling turn should he parallel to the axis of the 
line and must be insulated from the outer conductor. 

(A) 

(B) 
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Fig. 718 — Blot k diagram of the bask elements of tht superheterodyne 

changed by means of the heterodyne process 
(§ 7-1), 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 the i.f. Fig. 718 gives the essentials of 
the superheterodyne in block form. C.w. sig-
nals are made audible by heterodyning the 
signal at the second detector by the beat-fre-
quency oscillator (b.f.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 kc. is chosen and 
that the incoming signal is on 7000 kc. Then 
the h.f. oscillator frequency may be set to 7455 
kc., in order that the beat frequency (7455 
minus 7000) will be 455 kc. The h.f. oscillator 
also could be set to 6545 kc., which 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 kc. 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 frequency. Higher 
gain also is possible at the lower frequency. 
The separate oscillators can be designed for 
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 incoming signal. 
Images— Each h.f. oscillator frequency will 

cause i.f. response at two signal frequencies, 
one higher and one lower than the oscillator 
frequency. If the oscillator is set to 7455 kc. to 
respond to a 7000-kc. signal, for example, it 
will respond also to a signal on 7910 kc., which 
likewise gives a 455-kc. beat. The undesired 
signal of the two is called the image. 
The radio-frequency circuits of the receiver 

(those used before the frequency is converted 
to the i.f.) normally are tuned to the desired 
signal, so that the selectivity of the circuits re-
duces the response to the image signal. If the 
desired signal and image have equal strengths 
at the input terminals of the receiver, the ratio 
of the receiver voltage output from the desired 
signal to that from the image is called the 
signal-to-image ratio, or image ratio. 
The image ratio depends upon the selectivity 

of the r.f. tuned circuits preceding the mixer 
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Fig. 719—Mixer or converter circuits. A, grid injcc-
ton with a pentode plate detector; B and C, separate 
injection circuits for converter tubes. Circuit values are: 
Component Circuit A Circuit 13 Circuit C 

CI, C2, C8 —0.01-0.1 dd. 0.91-0.1 pfd. 
C4 — Approx. 1 ;tad. 50-190 add. 
RI — 10,090 olune. 3e0 °hate. 
82— 0.1 megoluu. 50,090 ohms. 
lis — 50,000 ohms. 50,000 ohms. 

Plate voltage should be 250 in all circuits. If an 1851 
or 1852 tube is used in Circuit A, RI should be 500 oluns. 

tube. Also, the higher the intermediate fre-
quency, the higher theimage ratio, since raising 
the i.f. increases the frequency separation be-
tween signal and image and places the latter 
farther away from the peak of the resonance 
curve (§ 2-10) of the signal-frequency circuits. 
Other spurious responses — In addition to 

images, other signals to which the receiver is 
not ostensibly tuned may be heard. Harmonics 
of the high-frequency 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 

0.01-0.1 pfd. 
50-100 etpfd. 
500 ohms. 
15,000 ohms. 
50,000 ohme. 

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. 
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 superhet — At high and very-

high frequencies it is difficult to secure an 
adequate image ratio when the intermediate 
frequency is of the order of 455 kc. To reduce 
image response the signal frequently is con-
verted first to a rather high (1500, 5000, or 
even 10,000 kc.), and then — sometimes after 
further amplification — reconverted to a lower 
i.f. where higher adjacent-channel selectivity 
can be obtained. Such a receiver is called a 
double superheterodyne. 

([ 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. 
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 maintain 
good oscillator stability (§ 3-7). Also, the con-
version efficiency should not depend too criti-
cally on the oscillator voltage (that is, a small 
change in oscillator 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 causes oscillator instability and should be 
minimized, because the stability of the whole 
receiver depends critically upon the stability of 
the h.f. oscillator. Pulling effect decreases with 
separation of the signal and h.f. oscillator fre-
quencies, hence is less with high intermediate 
frequencies and greater with low i.f.s. 

Circuits — Typical frequency-conversion cir-
cuits are given in Fig. 719. The variations are 
chiefly in the way in which the oscillator volt-
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age is introduced. in Fig. 719-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. 
Tubes for frequency conversion— Any 

sharp cut-off pentode may be used in the cir-
cuit of Fig. 719-A. The 1851 and 1852 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. 
However, this type of tube loads the circuit 
more (§ 7-6) and thus decreases the selectivity. 
The 6K8 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. 

7-10 The High-Frequency Oscillator 

Design considerations—Stability of the 
receiver (§ 7-2) is dependent chiefly upon the 
stability of the h.f. oscillator, and particular 
care should be given this part of the receiver. 
The frequency of oscillation should be 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 construction. 
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In addition, the oscillator must be capable 

of furnishing sufficient r.f. voltage and power 
for the particular mixer circuit chosen, at all 
frequencies within the range of the receiver, 
and its harmonic output should be as low as 
possible tc reduce spurious response (§ 7-8). 

It is desirable to make the LIC 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 mechanical construction is well repaid 
by increased frequency stability. 

,(A) 

(B) 

(c) 

+5 

Fig. 720 — High-frequency oscillator circuits. A, screen-
grid grounded-plate oscillator; B, triode grounded-
plate oscillator; C, triode oscillator s, ith tickler circuit. 
(7.0u plin g to the rnixermay I s• t aken from poin ts Nand Y.In 
A and B, coupling from I o ill reduce pulling effects, but 
gives less voltage than from N: this type is hest adapted 
to mixer circuits with small 0-rillator-voltage require-
ments. Typical valises for components are as follows: 

Circuit A 01-twit B Circuit C 

CI — 100 mad. 100 mdtl. 100 µMA. 
C2 — 0.1 mfd. 0.1 dd. 0.1 del. 

Ca — 0.1 µfd. 
RI — 50,000 ohms. 50,000 ohms. 50,00)) ohms. 
R2 — 50,000 ohms. 10,000 Lo 10.000 to 

25,000 ohms. 25,000 ohms. 

The plate-supply voltage should be 250 volts. In cir-
cuits B and C, R2 is used to drop the supply voltage to 
100-150 volts; it nias be omitted if voltage is obtained 
from a voltage divider in the power supply (§ 8-10). 
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Circuits—Several oscillator circuits are 
shown in Fig. 720. The point at which output 
voltage is taken for the mixer is indicated in 
each case by X or Y. Circuits A and B will give 
about the same results, and require only one 
coil. However, in these two circuits the cath-
ode is above ground potential for r.f., which 
often is a cause of hum modulation of the 
oscillator output at 14 Mc. 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. 
720-C overcomes hum, since the cathode is 
grounded. The two-coil arrangement is advan-
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Fig. 721 — Converter-circuit tracking methods. Fol-
low ing are approximate circuit values for 450- to 465-kc. 
i.f.s, .ith tuning ranges of approximately 2.15-to-1 and 
C2 having 140 mpfd. maximum, and the total minimum 
capacitance, including Ca or C4, being 30 to 35 Add. 

Tuning Range Li L2 C5 

1.7-4 Mc. 50 ph. 40 ph. 0.0013 pfd. 
3.7-7.5 Mc. 14 ph. 12.2 ph. 0.0022 pfd. 
7-15 Mc. 3.5 ph. 3 ph. 0.0045 pfd. 
14-30 Mc. 0.8 µh. 0.78 ph. None used 

ipproximate values for 450- to 465-kc. i.f.s with a 
2.54o-1 tuning ranre, CI and Cs being 350-pfd. maxi-
mum, minimum including C2 and C4 being 40 to 50 ppfd. 

Tuning Range Lt Ls Cs 

0.5-1.5 Mc. 240 ph. 130 ph. 425 jejofd. 
1-5-4 ME. 32 ieh. 25 ph. 0.00115 ;Ltd, 
4-10 Mc. 4.5 511. 4 ph. 0.0028 pfd. 
10-25 Mc. 0.8 µb. 0.75 A. None used 

tageous in construction, since the feed-back 
adjustment (altering the number of turns on 
L2 or the coupling between LI 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 LI. 
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 
isolated, preferably by shielding, since coupling 
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 regulated plate supply 
employing a gaseous voltage-regulator tube 
(§ 8-8). 
Tracking — For ganged tuning, there must 

be a constant difference in frequency between 
the oscillator and mixer circuits. This difference 
must be exactly equal to the intermediate 
frequency (§ 7-8). 
Tracking methods for covering a wide fre-

quency range, suitable for general-coverage 
receivers, are shown in Fig. 721. The track-
ing capacity, C2, commonly consists of two 
condensers in parallel, a fixed one of somewhat 
less capacity than the value needed and a 
smaller variable in parallel to allow for adjust-
ment to the exact proper value. In practice, the 
trimmer, 04, is first set for the high-frequency 
end of the tuning range, and then the tracking 
condenser is set for the low-frequency end. 
The tracking capacity becomes larger as the 
percentage difference between the oscillator 
and signal frequencies becomes smaller (that 
is, as the signal frequency becomes higher). 
Typical circuit values are given in the tables 
under Fig. 721. 

In amateur-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 kc. and the mixer circuit tunes from 
7000 to 7300 kc. between two given points on 
the dial, then the oscillator must tune from 
7455 to 7755 kc. between the same two dial 
readings. With the bandspread arrangement 
of Fig. 714-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 714-A if CI is small compared to C2. 
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dld. 7-11 The Intermediate-Frequency 
Amplifier 

Choice of frequency— The selection of an 
intermediate frequency is a compromise be-
tween various 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 increases pulling of the 
oscillator frequency (§ 7-9). On the other hand, 
a high i.f. is beneficial to both image ratio and 
pulling, but the selectivity and gain are low-
ered. The difference in gain is least important. 
An i.f. of the order of 455 kc. gives good 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 
poor at 14 Mc. when the mixer is connected to 
the antenna, but adequate when there is a 
tuned r.f. amplifier between antenna and 
mixer. At 28 Mc. and on the very-high 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 kc., 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 Mc., 
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. 

sideband cutting— 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 

Fig. 722 —Typical intermediate-fre-
quency amplifier circuit for a super-
heterodyne receiver. Representative 
values for components are as follows: 
CI — 0.1 dd. at 455 kc.; 0.01 gfd. 

at 1600 kc. and higher. 
Ca — 0.01 pfd. 
Ca, C4, Cs — 0.1 pfd. at 455 kc.; 

0.01 µM. above 1600 kc. 
R; — 300 ohms. B3 — 2000 ohms. 

megohm. 114 —0.25 megohm. 

Plate of 
preceding 
stage 

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 ke. 
wide, with the i.f. at its center. The signal-
frequency circuits usually do not have enough 
over-all selectivity to affect materially the "ad-
jacent channel" selectivity (§ 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. 
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 standpoint of communication, side-
band cutting is not serious with two-stage 
amplifiers at frequencies as low as 455 kc. 

Circuits — I.f. amplifiers usually consist of 
one or two stages. 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-quality 'phone reception. 
A typical circuit arrangement is shown in 

Fig. 722. A second stage would simply dupli-
cate the circuit of the first. In principle, the 
i.f. amplifier is the same as the tuned r.f. am-
plifier (§ 7-6). However, since 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 untuned 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 a.v.c. is used, the 
lower end of the i.f. transformer secondary is 
simply connected to ground. 

ir Tiens IF Trans. 
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R4 To Manual 
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Variage ay-
condensers 

AIR TUNED 

Shield 

ariberral-wotrod 
cods 

Akitz6épawiereal 
iron plug 

High-siabilily once. 
fixed condensers 

PERMEABILITY TUNED 

Fig. 723 —Representative i.f. tram-former construc-
tion. Coils are supported on insulating tubing or (in the 
air-tuned type) on max-impregnated wooden dowels. 
The shield in the air-tuned transformer prevents ca-
pacity coupling between the tuning condensers. In the 
permeability-tuned transformer the cores consist of 
finely divided iron particles supported in an insulat-
ing binder, formed into cylindrical "plugs." The 
tuning capacity is fixed, and the inductances of the 
coils are varied by moving the iron plugs in and out. 

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 careful circuit 
arrangement to prevent stray coupling, with 
exposed r.f, leads well separated, is necessary. 

1.1. 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 but with each turn 
traversing the length of the coil, back and 
forth, rather than being wound in a plane per, 
pendicular to the axis as it is in ordinary single-
layer coils. With straight layer winding, the 
turns on adjacent layers at the edges of the 
coil have a rather large potential difference 
between them as compared to the difference 
between any two adjacent turns in the same 
layer; hence a fairly large capacity current can 
flow between layers. Universal winding, with 
its "criss-crossed" turns, tends to avoid build-
ing up such potential differences, and hence 
reduces distributed-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 mica condensers. Such sta-
bility is of great importance, since a circuit 
whose frequency "drifts" with time eventually 
will be tuned to a different frequency than the 
other circuits, thereby reducing the gain and 
selectivity of the amplifier. Typical i.f. trans-
former construction is shown in Fig. 723. 

Besides the type of i.f. transformer shown in 
Fig. 723, special units to give desired selectivity 
characteristics are available. For higher than 
ordinary adjacent-channel selectivity (§ 7-2) 
triple-tuned 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 winding, thus adding its selectivity to 
the over-all selectivity of the transformer. 
V ariable-s(lectivity transformers also can be 
obtained. These usually are provided with a 
third (untuned) winding which can be con-
nected to a resistor, thereby loading the tuned 
circuits and decreasing the Q and selectivity 
(§ 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 primary and secondary, overcoupling 
being used to broaden the selectivity curve and 
undercoupling to sharpen it (§ 2-11). 

Selectivity — The over-all selectivity of the 
i.f. amplifier will depend on the frequency and 
the number of stages. The following figures are 
indicative of the 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 
2 times 10 limes 100 limes 

Intermediate frequency down down down 

One stage, 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, 5a00 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-a 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 
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. tubes 
has practically no effect on the signal-to-noise 
ratio, since this is determined by the preceding 
mixer and r.f. amplifier (if the latter is used). 
When single-ended tubes (§ 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. 
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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 kc., it will also be heterodyned 
by the beat oscillator to produce a 1000-cycle 
beat. This audio-frequency image corresponds 
to the high-frequency images already discussed 
(§ 7-8). It can be reduced by providing enough 
i.f. selectivity, since 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. 
Regeneration— Regeneration can be used 

to give a pronounced single-signal effect, par-
ticularly when the i.f. is 455 kc. or lower. The 
resonance curve of an i.f. stage at critical re-
generation (just below the oscillating point) 
is extremely sharp, a band-width of 1 kc. at 10 
times down and 5 kc. at 100 times down being 
obtainable in one stage. The audio-frequency 
image of a given signal thus can be reduced by 
a factor of nearly 100 for a 1000-cycle beat 
note (image 2000 cycles from resonance). 

Regeneration is easily introduced into an i.f. 
amplifier by providing a small amount of 
capacity coupling between grid and plate. 
Bringing a short length of wire, connected to 
the grid, into the vicinity of the plate lead 
usually will suffice. The feed-back may be con-
trolled by the regular cathode-resistor gain 
control. When the i.f. is regenerative, it is 
usually preferable to operate the tube at re-
duced gain (high bias) and depend upon the 
regeneration to bring the signal strength back 
to normal. This prevents overloading on strong 
signals and increases the effective selectivity. 
The higher selectivity with regeneration re-

duces the over-all response to noise generated 
in the earlier stages of the receiver, just as does 
high selectivity produced by other means, and 
therefore improves the signal-to-noise ratio. 
The disadvantage is that the regenerative gain 
varies with signal strength, being less on strong 
signals, and the selectivity varies accordingly. 

Crystal filters— The most satisfactory 
method of obtaining high selectivity is by the 
use of a piezoelectric quartz crystal as a selec-
tive filter in the i.f. amplifier (§ 2-10). Com-
pared to a good tuned circuit, the Q of such a 
crystal is extremely high. The dimensions of 
the crystal are made such that it is resonant at 

the desired intermediate frequency. It is then 
used as a selective coupler between i.f. stages. 

Fig. 724 gives a typical crystal-filter reso-
nance curve. For single-signal reception, the 
audio-frequency image can be reduced by a 
factor of 1000 or more. Besides practically 
eliminating the a.f. image, the high selectivity 
of the crystal filter provides great discrimina-
tion against signals very close to the desired 
signal in frequency, and, by reducing the band-
width, reduces the response of the receiver to 
noise both from sources external to the receiver 
and in the r.f. stages of the receiver itself. 

Crystal filter circuits; phasing — Several 
crystal filter circuits are shown in Fig. 725. 
Those at A and B are practically identical in 
performance, although differing in details. The 
crystal is connected in a bridge circuit (§ 2-11), 
with the secondary side of 7'1, the input trans-
former, balanced to ground either through a 
pair of condensers, C-C, (A) or by a center-tap 
on the secondary, L2 (B). The bridge is com-
pleted by the crystal, X, and the phasing con-
denser, C2, which has a maximum capacity 
somewhat higher than the capacity of the crys-
tal in its holder. When C2 is set to balance the 
crystal-holder capacity, the resonance curve 
of the crystal circuit is practically symmetrical; 
the crystal acts as a series-resonant circuit of 
very high Q and thus allows signals of the de-
sired frequency to be fed through C3 to L3L4, 
the output transformer. Without C2, the holder 
capacity (with the crystal acting as a dielectric) 
would by-pass signals of undesired frequencies 
to the output circuit. 
The phasing control has an additional func-

tion besides neutralization of the crystal-holder 
capacity. The holder capacity becomes a part 
of the crystal circuit and causes it to act as a 
parallel-tuned resonant circuit at a frequency 
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Fig. 724 — Graphical representation of single-signal 
selectivity. The shaded area indicates the overall 
band-width, or region in which response is obtainable. 
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slightly higher than its series-resonant fre-
quency. Signals at the parallel-resonant fre-
quency thus are prevented from reaching the 
output circuit. The phasing control, by varying 
the effect of the holder capacity, permits shift-
ing the parallel-resonant frequency over a con-
siderable range, providing adjustable rejection 
of interfering signals. The effect of rejection 
is illustrated in Fig. 724, where the audio image 
is reduced, by proper setting of the phasing 
control, far below the value that would be ex-
pected if the resonance curve were symmetrical. 

Variable selectivity— In circuits such as A 
and B, Fig. 725, variable selectivity is obtained 
by adjustment of the variable input imped-
ance, which is effectively in series with the 
crystal resonator. This is accomplished by 
varying C1 (the selectivity control), which tunes 
the balanced secondary circuit of 7.1. When 
the secondary is tuned to i.f. resonance the 
parallel impedance of the L2Ci combination is 
maximum and is purely resistive (§ 2-10). 

Fig. 725 — Crystal filter circuits of three types. All 
give variable band-width, with C having the greatest 
range of selectivity. Their operation is discussed in the 
text. Suitable circuit values are as follows: Circuit A, 
special i.f. input transformer with high-inductance pri-
mary, Li, closely coupled to tuned secondary, L2; Ca, 
50-pedd. variable; C, each 100-iimfd. fixed (mica); C2, 
10- to 15-pmfd. (max.) variable; C8, 50-µpfd. trimmer; 
LaC4, i.f. tuned circuit, with L8 tapped to match crystal-
circuit impedance. In circuit B, Ti is the same as in 
circuit A except that the secondary is center-tapped; 
Ca is 100-iiiifd. variable; C2, C8 and C4, same as for circuit 
A; 1.31.4 is a transformer with primary, L4, corresponding 
to tap on La in A. In circuit C, Ti is a special i.f. in-
put transformer with tuned primary and low-impe-
dance secondary; C, each 100-umfd. fixed (mica); Ca, 
opposed stator phasing condenser, approximately 8 
µdd. maximum capacity each side; LaCa, high-Q i.f. 
tuned circuit; R, 0 to 3000 ohms (selectivity control). 

Since the secondary circuit is center-tapped, 
approximately one-fourth of this resistive im-
pedance is in series with the crystal through 
C3 and L4. This lowers the Q of the crystal 
circuit and makes its selectivity minimum. At 
the same time, the voltage applied to the 
crystal circuit is maximum. 
When the input circuit is detuned from the 

crystal resonant frequency the resistance com-
ponent of the input impedance decreases, and 
so does the total parallel impedance. Accord-
ingly, the selectivity of the crystal circuit be-
comes higher and the applied voltage falls off. 
At first the resistance decreases faster than the 
applied voltage, with the result that the c.w. 
output from the filter increases as the selectiv-
ity is increased. The output falls off gradually 
as the input circuit is detuned further from res-
onance, and the selectivity becomes still higher. 

In the circuits of A and B in Fig. 725, the 
minimum selectivity is still much greater than 
that of a normal two-stage 455-kc. amplifier 
and it is desirable to provide a wider range of 
selectivity, particularly for 'phone reception. 
A circuit which does this is shown at Fig. 
725-C. The principle of operation is similar, 
but a much higher value of resistance can be 
introduced in the crystal circuit to reduce the 
selectivity. The output tuned circuit, LaC3, 
must have high Q. A compensated condenser is 
used at C2 (phasing) to maintain circuit bal-
ance, so that the phasing control does not af-
fect the resonant frequency. The output circuit 
functions as a voltage divider in such a way 
that the amplitude of the carrier delivered to 
the next grid does not vary appreciably with 
the selectivity setting. The variable resistor, 
R, may consist of a series of separate fixed 
resistors selected by a tap switch. 

C. 7-12 The Second Detector and 
Beat Oscillator 

Detector circuits — The second detector of 
a superheterodyne receiver performs the same 
function as the detector in the 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. Plate detection. is used to some 
extent, but the diode detector is most popular. 
It is especially adapted to furnishing automatic 
gain or volume control (§ 7-13). The basic 
circuits are as described in § 7-3, although in 
many cases the diode elements are incorporated 
in a multi-purpose tube which also has an 
amplifier section in addition to the diode unit. 
The beat oscillator — Any standard oscilla-

tor circuit (§ 3-7) may be used for the beat 
oscillator. Special beat-oscillator transformers 
are available, usually consisting of a tapped 
coil with adjustable tuning; these are most 
conveniently used with circuits such as those 
shown at Fig. 720-A and -B, with the output 
taken from Y. A variable condenser of about 
25-pmfd. capacity may be connected between 
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Fig. 726 — Automatic volume control circuit using a 
duo-diode-triode tube as a combined a.v.c. rectifier, 
second detector and first audio-frequency amplifier stage. 

— 0.25 megohm. 
R2 — 50,000 to 250,000 ohms. 
R3 — 2000 ohms. 
114 — 2 to 5 megohms. 
115 — 0.5 to 1 megohm. 
119, R7, R8 — 0.25 megohm. 
R9 — 0.25 megohm. 
Rio — 0.5-megohm variable. 
CI, C2, C3 — 100 µµfil. 
C4 — 0.1 pfd. 
CS, C8, C7 — 0.01 pfd. 
C8, C9 — 0.01 1.0 0.1 pfd. 
Cio — 5- to 10-pfd. electrolytic. 
Cit — 250 ppfd. 

cathode and ground to provide fine adjustment. 
The beat oscillator usually is coupled to the 
second-detector tuned circuit through a fixed 
condenser of a few /add. capacity. 
The beat oscillator should be well shielded, 

to prevent coupling to any part of the circuit 
except the second detector and to prevent its 
harmonics from getting into the front end of 
the receiver and being amplified like regular 
signals. To this end, the plate voltage should 
be as low as is consistent with sufficient audio-
frequency output. If the beat oscillator output 
is too low, strong signals will not give a propor-
tionately strong audio response. 
An oscillating second detector may be used 

to give the audio beat note, but, since the de-
tector must be detuned from the i.f., the selec-
tivity and signal strength will be reduced, while 
blocking (§ 7-4) will be pronounced because of 
the high signal level at the second detector. 

(f. 7-13 Automatic Volume Control 

Principles — Automatic regulation of the 
gain of the receiver in inverse proportion to 
the signal strength is a great advantage, espe-
cially in 'phone reception, since it tends to 
keep the output level of the receiver constant 
regardless of input signal strength. It is readi-
ly accomplished in superheterodyne receivers 
by using the average rectified d.c. voltage, 
developed by the received signal across a 
resistance in a detector circuit (§ 7-3), to vary 
the bias on the r.f. and i.f. amplifier tubes. 
Since this voltage is proportional to the 
average timplitude 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. 726. 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, Cs. Negative bias 
resulting from the flow of .rectified carrier cur-
rent is developed across R4, the diode load re-

+5 

sistor. This negative bias is applied to the grids 
of the controlled stages through the filtering 
resistors (§ 2-11), R8, R6, R7 and Rs. When Si 
is closed the a.v.c. line is grounded, thereby 
removing a.v.c. bias from the amplifier. 

It does not matter which of the two diode 
plates is selected for audio and which for a.v.c. 
Frequently the two plates are connected to-
gether and used as a combined detector and 
a.v.c. rectifier. This could be done in Fig. 726. 
The a.v.c. filter and line would connect to the 
junction of R2 and C2, while Cs and R4 would 
be omitted from the circuit. 
Delayed a.v.c.— In Fig. 726 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 a.v.c. diode equal to the 
d.c. drop through the cathode resistor (a volt 
or two) and thus delays the application of 
a.v.c. voltage to the amplifier grids, since no 
rectification takes place in the a.v.c. diode cir-
cuit until the carrier amplitude is large enough 
to overcome the bias. Without this delay the 
a.v.c. would start working even with a very 
small signal. This is undesirable, because the 
full amplification of the receiver then could. 
not be realized on weak signals. In the audio 
diode circuit this fixed bias would cause dis-
tortion, and must be avoided; hence, the return 
is made directly to the cathode. 
Time constant — The time constant (§ 2-6) 

of the resistor-condenser combinations in the 
a.v.c. circuit is an important part of the sys-
tem. It must be high enough sdithat 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. 726 give a time con-
stant satisfactory for high-frequency reception. 

Signal-strength and tuning indicators — 
A useful accessory to the receiver is an indi-
cator which will show relative signal strength. 
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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 indicators are shown in Fig. 
727. That at A uses an electron-ray tube (§ 3-5), 
several types of which are available. The grid 
of the triode section usually is connected to 
the a.v.c. line. The particular type of tube 
used depends upon the voltage available for its 
grid; where the a.v.c. voltage is large, a remote 
eut-off type (6G5 or 6N5) should be used in 
preference to the sharp eut-off type (6E5). 

In B, a milliammeter is connected in series 
with the d.c. plate lead to one or more r.f. and 
i.f. tubes, the grids of which are controlled by 
a.v.c. voltage. Since the plate current of such 
tubes varies with the strength of the incoming 
signal, the meter will indicate relative signal 
intensity and may be calibrated in "S" points. 
The scale range of the meter should be chosen 
to fit the number of tubes in use; the maxi-
mum plate current of the average remote cut-
off r.f. pentode is from 7 to 10 milliamperes. 
The shunt resistor, R, enables setting the 
plate current to the full-scale value ("zero 
adjustment"). With this system the ordinary 
meter reads downwards from full scale with 
increasing signal strength, which is the reverse 
of normal pointer movement (clockwise with 
increasing reading). Special instruments with 
the zero-current position of the pointer on the 
right-hand side of the scale are used in com-
mercial receivers. 
The system at C uses a 0-1 ma. milliam-

meter in a bridge circuit, arranged so that the 
meter reading and the signal strength increase 
together. The current through the branch con-
taining R1 should be approximately equal to the 
current through that containing R2. In some 
manufactured receivers this is brought about by 
draining the screen voltage-divider current and 
the current to the screens of three r.f. pentodes 
(r.f. and i.f. stages) through R2, the sum of 
these currents being about equal to the maxi-
mum plate current of one a.v.c.-controlled tube. 
Typical values for this type of circuit are given. 
The sensitivity can be increased by increasing 
the resistance of RI, R2 and R3. The initial set-
ting is made with the manual gain control set 
near maximum, when R3 should be adjusted 
to make the meter read zero with no signal. 

11 7-14 Preselection 

Purpose— Preselection is added signal-fre-
quency selectivity incorporated before the 
mixer stage is reached. An r.f. amplifier pre-
ceding the mixer generally is called a preselector, 
its purpose, in part at least, being to discrimi-
nate in favor of the signal against the image. 
The preseleetor may consist of one or more r.f. 
amplifier stages. When its tuning control is 
ganged with those of the mixer and oscilln tor, 
its circuits must track with the mixer circuit. 
The circuit is the same as discussed earlier 

(§ 7-6). An external preselector stage may be 
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Fig. 727 — Tuning indicator or "S"-meter circuits for 
superhet receivers. A, electron-ray indicator; B, plate. 
current meter for tubes on a.v.c.; C, bridge circuit for 
a.v.c.-controlled tube. In S, resistor R should have a 
maximum resistance several times that of the milliam-
meter. In C, representative values for the components 
are: RI, 250 ohms; R2,350 ohms; Rs, 1000-ohm variable. 

used with receivers having inadequate image 
ratios. In this case it is built as a separate 
unit, often with a tuned output circuit which 
gives a further improvement in selectivity. 
The output circuit usually is link-coupled 
(§ 2-11) to the receiver. 

Signal/noise ratio— An r.f. amplifier will 
have a better signal-to-noise ratio (§ 7-2) than 
a mixer because the gain is higher and because 
the mixer-tube electrode arrangement results 
in higher internal tube noise than does the 
ordinary pentode structure. Hence, a pre-
selector is advantageous in increasing the 
signal-to-noise ratio over that obtainable when 
the mixer is fed directly from the antenna. 
Image suppression—The image ratios 

(§ 7-8) obtainable at frequencies up to and 
including 7 Mc. with a single preselector stage 
are high enough, when the intermediate fre-
quency is 455 kc., so that for all practical pur-
poses there is no appreciable image response. 
Average image ratios on 14 Mc. and 28 Mc. are 
50-75 and 10-15, respectively. This is the over-
all selectivity of the inf. and mixer tuned cir-
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cuits. A second preselector stage, adding an-
other tuned circuit, will increase the ratios to 
several hundred at 14 Mc. and to 30-40 at 28 Mc. 
On very-high frequencies, it is impracticable 

to attempt to secure a good image ratio with a 
455-kc. i.f. Good performance can be secured 
only by using a high i.f. or a double superhet-
erodyne (§ 7-8) with a high-frequency 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 i.f. amplifier (§ 7-11). The effect 
of regeneration is roughly equivalent to adding 
another non-regenerative preselector stage. 

Regeneration may be introduced by the 
same method as used in regenerative i.f. am-
plifiers (§ 7-11). The manual gain control of 
the stage will serve as a volume control. 

Regeneration in a preselector does not im-
prove the signal-to-noise ratio, since the tube 
noise is fed back to the grid circuit along with 
the signal to add to the thermal-agitation noise 
originally present. Thi,, noise also is amplified. 

7-15 Noise Reduction 

Types of noise —In addition to tube and 
circuit noise (§ 7-6), much of the noise inter-
ference experienced in reception of high-fre-
quency signals is caused by domestic electrical 
equipment and by automobile ignition sys-
tems. The interference is of two types in its 
effects. The first is the "hiss" type, consisting 
of overlapping pulses similar in nature to 
the receiver noise. It is largely reduced by 
high selectivity in the receiver, especially for 
code reception. The second is the " pistol-shot" 
or "machine-gun" type, consisting of sepa-
rated impulses of high amplitude. The "hiss" 
type of interference usually is caused by com-
mutator sparking in d.c. and series-wound a.c. 
motors, while the " shot" type results from sepa-
rated spark discharges (a.c. power leaks, switch 
and key clicks, ignition sparks, and the like). 
Impulse noise — Impulse noise, because of 

the extremely short duration of the pulses as 
compared to the time between them, must have 
high pulse amplitude to contain much average 
energy. Hence, noise of this type strong enough 
to cause much interference generally has an 
instantaneous amplitude much higher than 
that of the signal being received. The general 

Fig. 728 —  Audio output-lim-
iting noise-reducing circuits. 

dd. 
Ca — 0.01 pfd. 
Cs — 5 afd. 
Ri —0.5 megohm. 
Ra — 2000 ohms. 
Ra — 50,000-ohm potentiom-

eter. 
T — Output transformer. 
— 15-henry choke, 

principle of devices intended to reduce such 
noise is that of allowing the signal amplitude 
to pass through the receiver unaffected, but 
making the receiver inoperative for amplitudes 
greater than that of the signal. The greater the 
amplitude of the pulse compared to its time of 
duration, the more successful the noise reduc-
tion, since more of the energy can be suppressed. 

In passing through selective receiver circuits, 
the time duration of the impulses is increased, 
because of the Q or flywheel effect (§ 2-10) of 
the circuits. Hence, the more selectivity ahead 
of the noise-reducing device, the more difficult 
it becomes to secure good noise suppression. 
Audio limiting — A considerable degree of 

noise reduction in code reception can be accom-
plished by amplitude-limiting arrangements 
applied to the audio output circuit of a re-
ceiver. Such limiters also maintain the signal 
output nearly constant with fading. Diagrams 
.of typical output-limiter circuits are shown in 
Fig. 728. Circuit A employs a triode tube oper-
ated at reduced plate voltage (approximately 
10 volts), so that it saturates at a low signal 
level. The arrangement of B has better limit-
ing characteristics. A pentode audio tube is 
operated at reduced screen voltage (35 volts or 
so), so that the output power remains prac-
tically constant over a grid excitation-voltage 
range of more than 100 to 1. These output-
limiter systems are simple, and adaptable to 
most receivers. However, they cannot prevent 
noise peaks from overloading previous circuits. 

Second-detector circuits — The circuit of 
Fig. 729 "chops" noise peaks at the second 
detector of a superhet receiver by means of a 
biased diode, which becomes non-conducting 
above a predetermined signal level. The audio 
output of the detector must pass through the 
diode to the grid of the amplifier tube. The 
diode normally would be non-conducting with 
the connections shown were it not for the fact 
that it is given positive bias from a 30-volt 
source through the adjustable potentiometer, 
R3. Resistors R1 and R2 must be fairly large in 
value to prevent loss of audio signal. 
The audio signal from the detector can be 

considered to modulate (§ 5-1) the steady 
diode current, and conduction will take place 
so long as the diode plate is positive with re-
spect to the cathode. When the signal is suffi-
ciently large to swing the cathode positive with 
respect to the plate, however, conduction 
ceases, and that portion of the signal is cut off 
from the audio amplifier. The point at which 
cut-off occurs can be selected by adjustment of 
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Fig.729—Series-valve noise-limiter circuits. A, as used 
with an inflnite4mpedance detector; B, with a diode 
detector. Ts pieal values for components are as follows: 

Hi — 0.25 megohrn. 
112— 50,000 ohms. 
R3 10,000-ohms. 

R4 20,000 to 30,000 ohms. 
Ci — 250 up Cll. 
C2, C3 —0.1 pfd. 

All other diode-circuit constants in B are conventional. 

R3. By setting R3 so that the signal just passes 
through the "valve," noise pulses higher in 
amplitude than the signal will be cut off. The 
circuit of Fig 729-A, using an infinite-imped-
ance detector ( § 7-3), gives a positive voltage 
on rectification. When the rectified voltage is 
negative, as it is from the usual diode detector 
(§ 7-3), the circuit arrangement shown in Fig. 
729-B must be used. 
An audio signal of about ten volts is required 

for good limiting action. When a beat oscillator 
is used for c.w. reception the b.f.o. voltage 
should be small, so that incoming noise will not 
have a strong carrier to beat against and so 
produce large audio output. 
A second-detector noise-limiting circuit which 

automatically adjusts itself to the received 
carrier level is shown in Fig. 730. The diode 
load circuit (§ 7-3) consists of Rs, R7, R8 
(shunted by the high-resistance audio volume 
control, R4) and R5 in series. The cathode of 
the 6N7 noise limiter is tapped on the load 
resistor at a point such that the average recti-
fied carrier voltage (negative) at its grid is 
approximately twice the negative voltage at 
the cathode, both measured with reference to 
ground. A filter network, RiCi, is inserted in 
the grid circuit, Co that the audio modulation 
on the carrier does not reach the grid; hence, 
the grid potential is maintained at substan-
tially the rectified carrier voltage alone. The 
cathode, however, is free to follow the modula-
tion, and when the modulation is 100 per cent 

the peak cathode voltage will just equal the 
steady grid voltage. 

At all modulation percentages below 100 per 
cent the grid is negative with respect to cath-
ode, and current cannot flow in the 6N7 plate-
cathode circuit. A noise pulse exceeding the 
peak voltage which represents 100 per cent 
modulation will, however, make the grid posi-
tive with respect to cathode. The relatively 
low plate-cathode resistance of the 6N7 then 
shunts the high-resistance audio output circuit, 
effectively short-circuiting it, so that there is 
practically no response for the duration of the 
noise peak over the 100 per cent modulation limit. 
R5 is used to make the noise-limiting tube 

more sensitive by applying to the plate an 
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. 731, 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 6L7 i.f. amplifier, wholly or 
partially disabling this stage for the duration 
of the individual noise pulse, depending on the 
amplitude of the noise voltage. The noise 
amplifier-rectifier circuit is biased by means 
of the "threshold control," R2, so that rectifi-
cation will not start until the noise voltage 
exceeds the desired-signal amplitude. For re-
ception with automatic volume control, the 
a.v.e. voltage can be applied to the grid of the 
noise amplifier, to augment this threshold bias. 
This system of noise silencing gives a signal-to-
noise ratio improvement of the order of 30 db. 
(power ratio of 1000) with heavy ignition inter-
ference, raising the signal-to-noise ratio from 
— 10 db. without the silencer to + 20 db. 
with the silencer in a typical instance. 

Circuit values are normal for i.f. amplifiers 
(§ 7-11), except as indicated. The noise-recti-
fier transformer, 7'1, has an untuned secondary 
closely coupled 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, RiC1C2, 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 
effective at the intermediate frequency. 
Adequate shielding and isolation of the noise-

amplifier and rectifier circuits from the noise-
silencer stage must be provided to prevent 
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possible self-oscillation and insta-
bility. This circuit should be applied 
to the first i.f. stage of the receiver, 
before the high-selectivity circuits 
are reached, and is most effective 
when the signal and noise levels are 
fairly high (one or two r.f. stages be-
fore the mixer) since several volts 
must be obtained from the noise 
rectifier for good silencing. 

11 7-16 Operating Superheterodyne 
Receivers 

C.tc. reception — For making code signals 
audible, the beat oscillator should be set to a 
frequency slightly different from the inter-
mediate frequency (§ 7-8). 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 
initial setting. The b.f.o. may be set on either 
the high- or low-frequency side of zero beat. 
The use of a.v.c. (§ 7-13) is not generally 

satisfactory in c.w. reception because the re-
ceiver gain rises in the spaces between the 
dots and dashes, giving an increase in noise in 
the same intervals, and because the rectified 
beat-oscillator voltage in the second detector 
circuit also operates the a.v.c. circuit. This gives 
a constant reduction in gain and prevents util-
ization of the full sensitivity of the receiver. 

Frans 

Fig.730— Automatic noise-limiter for superheterodynes. 

T — 1.1. transformer with a balanced secondary for 
working into a diode rectifier. 

RI, Rs, Rs — 1 megohm. Ci — 0.1-gfd. paper. 
114 —1-megohrn variable. Cs, C3 — 0.05-pfd. paper. 
R5 — 250,000 ohms. C4, C5 — 50-rrirfd. mica. 
Rs, Rs — 100,000 ohms. Co — 0.001-pfd. mica (for 
112 — 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 by an extension shaft if necessary. 

617 

IF7rane 

R3 

155 

IF 
Output 

+13 
CI 

NOISE RECT 

-B +13 

Fig. 731-1.f. noise-silencing circuit. The plate supply 
should he 250 volts. Typical values for components are: 
CI — 50-250 ,.dd. (use smallest value possible without 

r.f. feedback). 
C2 — 50 labtfd. R2 -- 5000-ohm variable. 
C3 —0.1 µW. 113 — 20,000 ohms. 
RI — 0.1 megohm. 114, Rs —0.1 megohm. 
Ti — Special i.f. transformer for noise rectifier. 

Hence, the gain preferably should be manually 
adjusted to give suitable audio-frequency output. 
To avoid overloading in the i.f. circuits, it is 

usually better to control the i.f. and r.f. gain 
and keep the audio gain at a fixed value than to 
use the a.f. gain control as a volume control 
and leave the r.f. gain fixed at its highest level. 
Tuning with the crystal filter — If the re-

ceiver is equipped with a crystal filter the tun-
ing instructions in the preceding paragraph 
still apply, but more care must be used both in 
the initial adjustment of the beat oscillator and 
in tuning. The beat oscillator is set as described 
above, but with the crystal filter in operation 
and adjusted to its sharpest position, if vari-
able selectivity is available. The initial adjust-
ment should be 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 zero 
beat (audio-frequency image) on the same 
carrier to give a beat note of the same tone. 
This beat will be considerably weaker than the 
first, and may be "phased out" almost com-
pletely by careful adjustment of the phasing 
control. This is the adjustment for normal 
operation; it will be found that one side of zero 
beat has practically disappeared, leaving maxi-
mum response on the desired side. 
An interfering signal having a beat note 

differing from that of the a.f. image can be 
similarly phased out, provided its carrier fre-
quency is not too near the desired carrier. 

Depending upon the filter design, maximum 
selectivity may cause the dots and dashes to 
lengthen out so that they seem to "run to-
gether." This, plus the fact that tuning is 
quite critical with extremely high selectivity, 
may make it desirable to use somewhat less 
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selectivity in ordinary operation. However, it 
must be emphasized that, to realize the benefits 
of the crystal filter in reducing interference, it 
is necessary to do all tuning with it in the 
circuit. Its selectivity is so high that it is 
almost impossible to find the desired station 
quickly, should the filter be switched in only 
when interference is present. 
'Phone reception—In reception of 'phone 

signals, the normal procedure is to set the r.f. 
and i.f. gain at maximum, switch on the a.v.c., 
and use the audio gain control for setting the 
volume. This insures maximum effectiveness of 
the a.v.c. system in compensating for fading 
and maintaining constant audio output on 
either strong or weak signals. On occasion a 
strong signal close to the frequency of a weaker 
desired station may take control of the 
in which case the weaker station will prac-
tically disappear because of the reduced gain. 
In this case better reception may result if the 
a.v.c. is switched off, using the manual r.f. 
gain control to set the gain at a point which 
prevents " blocking" by the stronger signal. 
A crystal filter will do much toward reducing 

interference in 'phone reception. Although the 
high selectivity cuts sidebands (§ 7-11) and 
thereby reduces the audio output, especially at 
the higher audio frequencies, it is possible to 
use quite high selectivity without destroying 
intelligibility even though the " quality " of the 
transmission may suffer. As in the case of c.w. 
reception, it is advisable to do all tuning with 
the filter in the circuit. Variable-selectivity 
filters permit a choice of selectivity to suit 
interference conditions. 
An undesired carrier close in frequency to a 

desired carrier will heterodyne with it to pro-
duce a beat note equal to the frequency dif-
ference. Such a heterodyne can be reduced by 
adjustment of the phasing control in the crystal 
filter. It cannot be prevented in a "straight" 
superheterodyne having no crystal filter. 
A tone control often will be of help in reduc-

ing the effects of high-pitched heterodynes, 
sideband splatter (§ 5-2) and noise, by cutting 
off the higher audio frequencies. This, like side-
band cutting with high selectivity, causes some 
reduction in naturalness. 
Spurious responses—Spurious responses 

can be recognized without a great deal of 
difficulty. Often it is possible to identify an 
image by the nature of the transmitting sta-
tion, if the frequency assignments applying to 
the frequency to which the receiver is tuned 
are known. However, an image also can be 
recognized by its behavior with tuning. If the 
signal causes a heterodyne beat note with the 
desired signal and is actually on the same 
frequency, the beat note will not change as the 
receiver is tuned through the signal; but if the 
interfering signal is an image, the beat will vary 
in pitch as the receiver is tuned. The beat 
oscillator in the receiver must be turned off for 
this test. Using a crystal filter with the beat 
oscillator on, an image will peak on the side of 

zero beat opposite that on which the desired 
signal peaks. 
Harmonic response can be recognized by the 

"tuning rate," or movement of the tuning dial 
required to give a specified change in beat note. 
Signals getting into the i.f. via high-frequency 
oscillator harmonics tune more rapidly (less dial 
movement) through a given change in beat note 
than do signals received by normal means. 

Harmonics of the beat oscillator can be rec-
ognized by the tuning rate of the beat-oscillator 
pitch control. A smaller movement of the con-
trol will suffice for a given change in beat note 
than is necessary with legitimate signals. 

7-17 Servicing Superheterodyne 
Receivers 

Id. alignment— A calibrated signal gen-
erator or test oscillator is a practical necessity 
for initial alignment of an i.f. amplifier. Some 
means for measuring the output of the receiver 
also is needed. If the receiver 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-resistance voltmeter with copper-oxide 
rectifier) can be connected across the primary 
of the output transformer, or from the plate of 
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 
connected 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, until all of the i.f. trans-
formers have been aligned. It will be necessary 
to reduce the output of the signal generator as 
more of the i.f. amplifier is brought into use, 
because the increased gain otherwise may cause 
overloading and consequent inaccurate results. 
It is desirable always to use the minimum signal 
strength which gives useful output readings. 
The i.f. transformer in the plate circuit of 

the mixer is aligned with the signal-generator 
output lead connected to the mixer grid. Since 
the tuned circuit feeding the mixer grid is 
tuned to a considerably higher frequency, it 
can effectively short-circuit the signal-genera-
tor output, and therefore it may be necessary 
to disconnect this circuit. With tubes having a 
top grid-cap connection, this can be done by 
simply removing the grid clip from the tube cap. 
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If the tuning indicator is used as an output 

meter the a.v.c. should be on; if the audio-
output method is used, the a.v.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 switched out. Alignment is then 
carried out as described above, setting the 
signal generator as closely as possible to the 
frequency of the crystal. 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 
indicated by a sharp rise in output. Leaving the 
signal generator set on the crystal peak, the 
i.f. trimmers may be realigned for maximum 
output. The necessary readjustment should be 
small. The signal generator frequency should 
be checked frequently, to make sure it has not 
drifted from the crystal peak. 
A modulated signal is not of much value for 

aligning a crystal-filter i.f. amplifier, since the 
high selectivity cuts sidebands and the results 
may be inaccurate if the audio output of the 
receiver is used as a criterion of alignment. 
Lacking an a.v.c. tuning meter the trans-
formers may be aligned by ear, using a weak 
unmodulated signal adjusted to the crystal 
peak. Switch on the beat oscillator, adjust to a 
suitable tone, and align the transformers for 
maximum audio output. 
An amplifier which is only slightly out of 

alignment, as a result of normal drift from 
temperature, humidity or aging effects, can be 
realigned by using any steady signal, such as 
a local broadcasting station, in lieu of a test 
oscillator. Allow the receiver to warm up thor-
oughly (an hour or so), tune in the signal as 
usual, and "touch up" the i.f. trimmers for 
maximum output. 

R.f. alignment— The objective in align-
ing the r.f. circuits in a gang-tuned receiver 
is to secure adequate tracking over each tun-
ing range. The adjustment may be carried out 
with a test oscillator of suitable frequency 
range, or even on noise or such signals as may 
be heard. First set the tuning dial at the high-
frequency end of the range in use. Then set the 
test oscillator to the frequency indicated by 
the receiver dial. The test-oscillator output 
may be connected to the antenna terminals of 
the receiver for this test. Adjust the oscillator 
trimmer condenser in the receiver to give 
maximum response on the test-oscillator signal, 
then reset the receiver dial to the low-frequency 
end of the range. Set the test-oscillator fre-
quency near the frequency indicated by the 
receiver dial and carefully tune the test oscil-
lator until its signal is heard in the receiver. If 
the frequency of the signal as indicated by the 
test-oscillator calibration is higher than that 
indicated by the receiver dial, more inductance 
(or more capacity in the tracking condenser) is 
needed in the receiver oscillator circuit; if the 
frequency is lower, less inductance (less track-
ing capacity) is required in the receiver oscil-

later. Most commercial receivers provide some 
means for varying the inductances of the coils 
or the capacity of the tracking condenser, to 
permit aligning the receiver tuning with the 
dial calibration. Set the test oscillator to the 
frequency indicated by the receiver dial, and 
then adjust the tracking capacity or inductance 
of the receiver oscillator coil to obtain maxi-
mum response. After making this adjustment, 
recheck the high-frequency end of the scale as 
previously described. It may be necessary to go 
back and forth between the ends of the range 
several times before the proper combination of 
inductance and capacity is secured. In many 
cases, better over-all tracking will result if fre-
quencies near but not actually at the ends of 
the tuning range are selected, instead of taking 
the extreme dial settings. 

After the oscillator range is properly ad-
justed, set the receiver and test oscillator to the 
high-frequency end of the range. Adjust the 
mixer trimmer condenser for maximum hiss or 
signal, then the r.f. trimmers. Reset the tuning 
dial and test oscillator to the low-frequency 
end of the range, and repeat; if the circuits are 
properly designed, no change in trimmer set-
tings should be necessary. If it is necessary to 
increase the trimmer capacity in any circuit, 
more inductance is needed; if less capacity res-
onates the circuit, less inductance is required. 

Tracking seldom is perfect throughout a 
tuning range, so that a check of alignment at 
intermediate points in the range may show it 
to be slightly off. Normally the gain variation 
from this cause will be small, however, and it 
will suffice to bring the circuits into line at both 
ends of the range. If most reception is in a 
particular part of the range, such as an ama-
teur band, the circuits may be aligned for 
maximum performance in that region, even 
though the ends of the frequency range as a 
whole may be slightly out of alignment. 

Oscillation in r.f. or i.f. amplifiers—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 lack of audible output if the oscillation is • 
strong enough to cause the a.v.c. system to 
reduce the receiver gain drastically. Oscillation 
can be caused by poor connections in the com-
mon ground circuits, 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 trouble. Improper screen-grid volt-
age, resulting from a shorted or too-low screen-
grid series resistor, also may be responsible. 

Oscillation in the i.f. circuits is independent 
of high-frequency tuning, and is indicated by 
a continuous squeal which appears when the 
gain is advanced with the c.w. beat oscillator 
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Fig. 732 — P.m. limiter circuits. A. single-tube plate. 
saturation limiter; B, cascade limiter. Typical values are: 

Circuit A Circuit B 

Ci — 100 
C2, Ca — 0.1 pfd. 
C4 

Ri — 0.1 megohm. 50,000 ohms. 
R2 — 2000 ohms. 2000 ohms. 
R3 — 50,000 ohms. 50,000 ohms. 
R4 — O te 50,000 ohms. 0 to 50,000 ohms. 

4000 ohms. 
0.2 naegohm. 

Plate-supply voltage should be 250 volts in both circuits. 

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 pfd. usually will remedy it. Similar 
treatment can be applied to the screen-grid and 
plate by-passes of i.f. tubes. 

Instability — "Birdies" or a mushy hiss 
occurring with tuning of the high-frequency 
oscillator may indicate that the oscillator is 
"squegging" or oscillating simultaneously at 
high and low frequencies (§ 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 (§ 7-9) also will cause the 

100 pe.fd. 
0.1 'da. 
250 Attfd• 

R5 — 

beat-note to "chirp" 
on strong c.w. signals, 
because the oscillator 
load changes slightly 
under these conditions. 

In 'phone reception 
with a.v.c., a peculiar 
type of instability 
("motorboating") may 
appear if the h.f. oscil-
lator frequency is sen-
sitive to changes in 
plate voltage. As the 
a.v.c. voltage rises the 
electrode currents of 
the controlled 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 correspond-

ingly, throwing the signal off the peak of the 
i.f. resonance curve and reducing the a.v.c. 
voltage, thus tending to restore the original 
conditions. The process then repeats itself, at a 
rate determined by the signal strength and the 
time constant of the power-supply circuits. 
This effect is most pronounced with high i.f. 
selectivity, as when a crystal filter is used, and 
can be cured by designing the oscillator circuit 
to be relatively insensitive to plate voltage 
changes and by regulating the voltage applied 
to the oscillator (§ 7-10). 

(1 7-18 Reception of Frequency-
Modulated Signals 

F.trt. 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 (§ 7-15). Since the weakest signal must 
be amplitude-limited, high gain must be pro-
vided ahead of the limiter; the superheterodyne 
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 Mc. This not only reduces 
image response but also provides the greater 
band-width necessary to accommodate wide-
band frequency-modulated signals. 
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Receiver requirenwnts— 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 it is desirable to cut off the 
upper audio range by a low-pass filter (§ 2-11) 
because 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. 732-A is a typical circuit. The tube is self-
biased (§ 3-6) by a grid leak, R1, and condenser, 
CI. R2, R3 and R4 form a voltage divider 
(§ 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 aie 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 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 the latter respect but is not so 
effective for rapid variations, hence com-
promise constants must be used. 
The cascade limiter, Fig. 732-B, 

overcomes this by making the time 
constant in the first grid circuit suit-
able for effective operation on impulse 
noise, and that in the second grid 
(C4R6) optimum for a wide range of 
input signal strengths. This results, in 
addition, in more constant output 
over a very wide range of input sig-
nal amplitudes because the voltage at 
the grid of the second stage already 
is partially amplitude-limited, thus 
giving the second stage less work to 
do. Resistance coupling (R5C4R6) is 
used in preference to transformer cou-
pling for simplicity and to prevent 
unwanted regeneration, additional 
gain at this point being unnecessary. 
The rectified voltage developed 

across R1 in either circuit may be used 
for a.v.c. (§ 7-13). 
Discriminator circuits and op-

eration — The f.m. detector com-
monly is called a discriminator, be-
cause of its ability to discriminate 

Plate 

+8 

between frequency deviations above and those 
below the carrier frequency. The circuit gen-
erally used is shown in Fig. 733-A. A special 
i.f. coupling transformer is used between the 
limiter and detector. Its secondary, L1, is 
center-tapped and is connected back to the 
plate side of the primary circuit, which other-
wise is conventional. C4 is the tuning con-
denser. The load circuits of the two diode recti-
fiers (RiCt, R2C2) are connected in series; the 
constants are the same as in ordinary diode 
detector circuits (§ 7-3). The 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 
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 R1 and R2, hence the net 
voltage across the terminals marked "audio 
output" is zero. When the carrier deviates 
from resonance the induced secondary current 
either lags or leads, depending upon whether 
the deviation is to the high- or low-frequency 
side, and this phase shift causes the induced 
current to combine with that fed through 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. 734 results, where the net 
rectified output voltage has opposite polarity 

Fig. 733 — F.m. discriminator circuits. In ho h circuits typical 
values for CI and Cl are 100 add. each; RI and R2, 0.1 tnegohm 
each. C3 in A is approximately 50 ppfd., depending upon the inter-
mediate frequency; RFC should be of a type designed for the i.f. 
in use (2.5 mh. is satisfactory for i.f.s of 4 to 5 megacycles). The 
special three-winding transformer in 13 is described in the text. 
In either circuit the ground may he moved from the lower end 
of Cl to the junction of Ci and Cl, for push-pull audio output. 
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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 from this standpoint 
to have the peak separation the minimum 
necessary for a linear characteristic. 
A second type of discriminator circuit is 

shown in Fig. 733-B. Two secondary circuits, 
Si and ,S2, are used, one tuned above the center 
frequency of the i.f. pass-band and the other 
below. They are coupled equally to the pri-
mary, which is tuned to the center frequency. 
As the carrier frequency deviates the voltages 
induced in the secondaries will change in ampli-
tude, the larger voltage appearing across the 
secondary being nearer resonance with the 
instantaneoua frequency. The detection char-
acteristic is similar to that of the first type of 
discriminator. The peak separation is deter-
mined by the Qs of the circuits, the coefficient 
of coupling, and the tuning of the two second-
aries. High Qs and loose coupling are necessary 
for close peak separation. 
F.m. receiver alignment — Alignment of 

f.m. receivers up to the limiter is carried out as 
described in § 7-17. For output measurement, 
a 0-1 milliammeter or 0-500 microammeter 
should be connected in series with the limiter 
grid resistor (Ri in Fig. 732) at the grounded 
end; or, if the voltage drop across R1 is used 
for a.v.c. and the receiver is provided with a 
tuning meter (§ 7-13), the tuning meter may be 
used as an output meter. An accurately cali-
brated signal generator or test oscillator is 
desirable, since the i.f. should be aligned to be 
as symmetrical as possible; that is, the output 
reading should be the same for any two test 
oscillator settings the same number of kilo-
cycles above or below resonance. It is not nec-
essary to have uniform response over the whole 
band to be received, alt tough the output at the 
edges of the band (limit of deviation (§ 5-11) 

Fig. 734 — Character-
i.tic of a typical f.m. 
detector. The vertical 
axis represents the 
voltage developed 
across the load resistor 
as the frequency va-
ries from the exact 
resonance frequency. 
This detector would 
handle f.m. signals up 
to a hand-width of 
150 kc. over the linear 
portion of the curve, 

of the transmitted signals) should not be less 
than 25 per cent of the voltage at resonance. In 
communications work, a band-width of 30 kc. or 
less (15 kc. or less deviation) is commonly used. 
Output readings should be taken with the 

test oscillator set at intervals of a few kilocycles 
either side of resonance until the band limits 
are reached. 

After the i.f. (and front-end) alignment, the 
limiter operation should be checked. This can 
be done by temporarily disconnecting C3, if 
the discriminator circuit of Fig. 733-A is used, 
disconnecting R1 and Ci on the cathode side, 
and inserting the milliammeter or micro-
ammeter in series with R2 at the grounded end. 
This converts the discriminator to an ordinary 
diode rectifier. Varying the signal-generator 
frequency over the channel, with the dis-
criminator transformer adjusted to resonance, 
should show no change in output (at the band-
widths used for communications purposes) as 
indicated by the rectified current read by the 
meter. At this point various plate and screen 
voltages can be tried on the limiter tube or 
tubes, to determine the set of conditions which 
gives maximum output with adequate limiting 
(no change in rectified current). 
When the limiter has been checked the 

discriminator connections can be restored, 
leaving the meter connected in series with Ri. 
Provision should be made for reversing the 
connections to the meter terminals, to take 
care of the reversal in polarity of the net recti-
fied current. Set the signal generator to the 
center frequency of the band and adjust the 
discriminator transformer trimmer condensers 
to resonance, which wi!I be indicated by zero 
rectified current. Then set the test oscillator at 
the deviation limit (§ 5-11) on one side of the 
center frequency, and note the meter reading. 
Reverse the meter terminals and set the test 
oscillator at the deviation limit on the other 
side. The two readings should be the same. If 
they are not, they can be made so by a slight 
adjustment of the primary trimmer. This will 
necessitate rechecking the response at reso-
nance to make sure it is still zero. Generally, 
the secondary trimmer will chiefly affect the 
zero-response frequency, while the primary 
trimmer will have most effect on the symmetry 
of the discriminator peaks. A detector curve 
having satisfactory linearity can be obtained 
by cut-and-try adjustment of both trimmers. 
Tuning and operation— An f.m. receiver 

gives greatest noise reduction when the carrier 
is tuned exactly to the center of the receiver 
pass-band and to the point of zero response in 
the discriminator. Because of the decrease in 
noise, this point is readily recognized. 
When an amplitude-modulated signal is 

tuned in its modulation practically disappears 
at exact resonance, only those nonsymmetrical 
modulation components which may be present 
being detected. If the signal is to one side or 
the other of resonance, however, it is capable of 
causing interference to an f.m. signal. 



CHAPTER EIGHT 

Power Supp 

I[[ 8-1 Power-Supply Requirements 

Filament supply — Except for tubes de-
signed for battery operation, the 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 audio 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 without 
appreciable voltage drop. Maintenance of 
rated filament voltage is highly important, 
especially with thoriated-filament tubes, since 
under- or over-voltage may reduce filament life. 

Plate supply — Direct 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 called pure d.c., to 
distinguish it from current , which may be uni-
directional but of pulsating character. The use 
of pure d.c. on the plates of transmitting tubes 
is required by FCC regulations on all frequen-
cies below 60 Mc. 

Sources of plate power — D.c. plate power 
is usually obtained from rectified and filtered 
alternating current, but in low-power and 
portable installations may be secured from 
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 conjunction with an inter-
rupter giving pulsating d.c. which is applied to 
the primary of a step-up transformer (§8_10). 

Rectified-a.c. supplies —Since the power-
line voltage ordinarily is 115 or 230 volts, a 
step-up transformer (§ 2-9) is used to obtain 
the desired voltage for the plates of the tubes 
in the equipment. The alternating secondary 
current is changed to unidirectional 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 (Et — 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 space-charge effect (§ 3-1), but can be 
minimized by using very small spacing between 
plate and cathode as is done in some rectifiers 
for receiver power supplies. Mercury-vapor 
rectifiers (§ 3-5) have a constant 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-
mum voltage developed 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 current — This is the maximum 

instantaneous current through the rectifier. It 
can never be smaller than the load current in or-
dinary circuits, and may be several times higher. 
Operation of mercury-vapor rectifiers — 

Because of its constant 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 applicatioù of plate 
voltage. 

g[T, 8-3 Rectifier Circuits 

half-we ve 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. 

(B) 

(C) 

1 801 — Fundamental vacuum-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 case 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 upper end 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. 
The 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 through No. 1 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 times 
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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ij 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 be considered to consist of by-
pass condensers which short-circuit the a.c. 
while not interfering 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.c. (§ 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 satisfactory for c.w. 
transmitters, but lower values (of the order of 
0.25 per cent) are necessary for hum-free speech 
transmission and 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 tolerated. 
Bleeder resistance—Since the condensers 

in a filter will retain their charge for a consid-
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 voltage of a condenser is the volt-
age which it will withstand continuously. 

Filter chokes or inductances are wound on 
iron cores, with a small gap in the core to pre-
vent magnetic saturation of the iron at high 
currents. When the iron becomes saturated its 
permeability (§ 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 the current which the choke 
is intended to carry. Its inductance with little 
or no direct current flowing in the winding may 
be considerably higher than the load value. 

«L 8-5 Condenser-Input Filters 

Ripple voltage The conventional con-
denser-input filter is shown in Fig. 802-A. No 
simple formulas are available for computing 

From 
(A)Rectifier 
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f 

R 

Output 

Two-SECTION 
Fig. 802 — Condenser-input filter circuits. 

the ripple voltage, but it will be smaller as both 
capacity and inductance are made larger. Ade-
quate smoothing for transmitting purposes can 
be secured by using 4 to 8 mfd. at C1 and C2 and 
20 to 30 henrys at LI, 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, C3, of the 
same approximate values, are used to give ad-
ditional smoothing. In such supplies the three 
condensers generally are 8 mfd. each, although 
the input condenser, C1, sometimes is reduced 
to 4 eifd. Inductances of 10 to 20 henrys each 
will give satisfactory filtering with these 
capacity values. 

For ripple frequencies other than 120 cycles, 
the inductance and capacity values should be 
multiplied 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 
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current of the supply. Its value is equal to 
1000E/1, where E is the output voltage and I 
the load current in milliamperes. 

Rectifier peak current —The ratio of 
rectifier peak current to average load current 
is high with a condenser-input filter. Small 
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. With rectifiers for higher power, 
such as the 866/866-A, the load current should 
not exceed 25 per cent of the rated peak plate 
current for one tube when a full-wave rec-
tifier is used, or one-eighth the half-wave rating. 
Output voltage — The d.c. output voltage 

from a condenser-input supply will, with light 
loads or no load, approach the peak trans-
former voltage. This is 1.41 times the r.m.s. 
voltage (§ 2-7) of the transformer secondary, 
in the case of Figs. 801-A and C, or 1.41 times 
the voltage from the center-tap to one end of 
the secondary in Fig. 801-B. At heavy loads, it 
may decrease to the average value of secondary 
voltage or about 90 per cent of the r.m.s. volt-
age, or even less. Because of this wide range of 
output voltage with load current, the voltage 
regulation (§ 8-1) is inherently poor. 
The output voltage obtainable from a given 

supply cannot readily be calculated, since it 
depends critically upon the load current and 
filter constants. Under average conditions it 
will be approximately equal to or somewhat 
less than the r.m.s. voltage between the center-
tap and one end of the secondary in the full-
wave center-tap rectifier circuit (§ 8-3). 
Ratings of components — Because the out-

put voltage may rise to the peak transformer 
voltage at light loads, the condensers 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 center-tap 
rectifier having a transformer delivering 550 
volts each side of the center-tap, the minimum 
safe condenser voltage rating will be 550 X 
1.41 or 775 volts. An 800-volt, or preferably a 
1000-volt, condenser should be used. Filter 
chokes should have the inductance specified 
at full-load current, and must have insulation 
between the winding and the core adequate to 
withstand the maximum output voltage. 

E. 8-6 Choke-Input Filters 

Ripple voltage —The circuit of a single-
section choke-input filter is shown in Fig. 
803-A. For 120-cycle ripple, a close approxi-
mation of the ripple to be expected at the out-
put of the filter is given by the formula: 

Single 1 100 
Section % Ripple = —LC 
Filter 

where L is in henrys and C in pfd. The product, 
LC, must be equal to or greater than 20 to re-
duce the ripple to 5 per cent or less. This figure 
represents, in most cases, the economical limit 

for the single-section filter. Smaller percent-
ages of ripple usually are more economically 
obtained with the two-section filter of Fig. 

(A) From 1-1 J.. D C. 
Rectifier cT Output 

SINGLE-SECTION 

(9) L1 
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Fig. 803 — Choke-input filter circuits. 

D.C. 
Output 

803-B. The ripple percentage (120-cycle ripple) 
with this arrangement is given by the formula: 

Two 
Section } % Ripple - 
Filter j LiL2 (Cl + C2)2 

For a ripple of 0.25 per cent or less, the de-
nominator should be 2600 or greater. 

These formulas can be used for other ripple 
frequencies by multiplying each inductance 
and capacity value in the filter by the ratio 
120/F, where F is the actual ripple frequency. 
The distribution of inductance and capacity 

in the filter will be determined by the value of 
input-choke inductance required (next para-
graph), and the permissible a.c. output im-
pedance. 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 cent or less) compared to the 
other a.f. resistance or impedance in the cir-
cuit, usually the tube plate resistance and load 
resistance (§3-2, 3-3). On the basis of a lower 
a.f. limit of 100 cycles for speech amplification 
(§ 5-9), this condition is usually satisfied when 
the output capacity (last filter capacity) of the 
filter is 4 to 8 pfd., the higher value being used 
for the lower tube and load resistances. 
The input choke— The rectifier peak cur-

rent and the power-supply voltage regulation 
depend almost entirely upon the inductance 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 from rising above the average 
value (§ 2-7) of the a.c. voltage applied to the 
rectifier. For both purposes, its impedance 
(§ 2-8) to the flow of the a.c. component 
(§ 8-4) must be high. 
The value of input-choke inductance which 

prevents the d.c. output voltage from rising 
above the average of the rectified a.c. wave is 
the critical inductance. For 120-cycle ripple, it 
is given by the approximate formula: 

L Load resistance (ohms)  
ent. — 

1000 

650 
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For other ripple frequencies, the inductance 
required will be the above value multiplied by 
the ratio of 120 to the actual ripple frequency. 
With inductance values less than critical, 

the d.c. output voltage will rise because the 
filter tends to act as a condenser-input filter 
(§ 8-5). With critical inductance, the peak 
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. Thus, in the case where 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 (Li) and first filter 
condenser (C1) 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: 

-= 0.9E (/b L) (RI + Rs)  - 1 — 
1000 

165 
between center-tap and one end of the second-
ary in the case of the center-tap rectifier); 
II, and //, are the bleeder and load currents, 
respectively, in milliamperes; Ri and R2 are 
the résistances 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. 

Load 

Fig. 804 — Voltage drops in the power-supply circuit. 

At no load //, is zero, hence the no-load 
voltage may be calculated on the basis of 
bleeder current only. The voltage regulation 
may be determined from the no-load and full-
load voltages (§ 8-1). 

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 
placed in the positive leads, the negative being 
grounded, the windings should be insulated 
from the core to withstand the full d.c. output 
voltage of the supply. 

111. 8-7 The Plate Transformer 

Output voltage—The output voltage of 
the plate transformer depends upon the re-
quired d.c. load voltage and the type of recti-
fier circuit. With condenser-input filters, the 
r.m.s. secondary voltage usually is made equal 
to or slightly more than the d.c. output volt-
age, allowing for voltage drops in the rectifier 
tubes and filter chokes as well as in the trans-
former itself. The full-wave center-tap rectifier 
requires a transformer giving this voltage 
each side of the secondary center-tap (§ 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: 

/(Ri + R2)  where E, is the output voltage; Eg is the r.m.s. Eg = 1.1 [E. + 1000 
voltage applied to the rectifier (r.m.s. voltage  

+ 
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where E0 is the required d.c. output voltage, 
I is the load current (including bleeder current) 
in milliamperes, R1 and R2 are the resistances 
of the filter chokes, and E, is the voltage drop 
in the rectifier. Eg 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 ra-
ting (§ 2-8) of the transformer depends upon 
the type of filter (condenser or choke input). 
With a condenser-input filter the heating effect 
in the secondary is higher because of the high 
ratio of peak to average current, consequently 
the volt-amperes 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 closely by the equation: 

Sec. V.A. 0.00075 El 
where E is the total r.m.s. voltage of the sec-
ondary (between the outside ends in the case 
of a center-tapped winding) and I is the d.c. 
output current in milliamperes (load current 
plus bleeder current). The primary volt-
amperes will be 10 to 20 per cent higher because 
of transformer losses. 

III 8-8 Voltage Stabilization 

Gaseous regulator tubes — There is fre-
quent need for maintaining the voltage applied 
to a low-voltage low-current circuit (such as 
the oscillator in a superhet receiver or the fre-
quency-controlling oscillator in a transmitter) 
at a practically constant value, regardless of 
the voltage regulation of the power supply or 
variations in load current. In 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 the terminal voltage, the second 
the maximum permissible tube current. 
The fundamental circuit for a gaseous regu-

lator is shown in Fig. 805-A. The tube is con-
nected in series with a limiting resistor, Rte 
across a source of voltage which must be 
higher than the starting voltage, 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 load 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 with most types is 30 ma.; consequently, 
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Fig. 805 — Voltage-stabilizing circuits using VR tubes. 

the load current cannot exceed 20 to 25 ma. 
if the voltage is to be stabilized over a range 
from zero to maximum load current. 
The value of the limiting resistor must lie 

between that which just permits minimum 
tube current to flow and that which just passes 
the maximum permissible tube current when 
there is no load current. The latter value is 
generally used. It is given by the equation: 

R - 1000 (E0 - E,) 

Where R is the limiting resistance in ohms, 
E. is the voltage of the source across which the 
tube and 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 
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 voltage regulation — A voltage 
regulator circuit suitable for higher voltages 
and currents than the gaseous tubes, and also 
having the feature that the output voltage can 
be varied over a rather wide range, is shown 
in Fig. 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 (R5), the volt-
age drop across which is used to bias a second 
tube — the "regulator" tube — whose plate-
cathode circuit is connected in series with the 
load circuit. The regulator tube therefore func-
tions as an automatically variable series re-
sistor. Should the output voltage increase 
slightly the bias on the control tube will become 
more positive, causing the plate current of the 
control tube to increase and the drop across 
R6 to increase correspondingly. The bias on 
the regulator tube therefore becomes more 
negative and the effective resistance of the 
regulator tube increases, causing the terminal 
voltage to drop. A decrease in output voltage 
causes the reverse action. The time lag in the 
action of the system is negligible, and with 
proper circuit constants the output voltage 
can be held within a fraction of a per cent 
throughout the useful range of load currents 
and over a wide range of supply voltages. 
An essential in this system is the use of a 

constant-voltage bias source for the control 
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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; /18, 10,000-
ohm potentiometer; R4, 5000 ohms; Rd, 0.5 rnegohm. 

tube. The voltage change 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. To 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 instead. This is indicated in the diagram. 
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 (power triodes having low 
plate resistance, such as the 2A3). The maxi-
mum current also is limited by the regulator 
tube; 100 milliamperes is a safe value for the 
2A3. Two or more regulator tubes may be 
connected in parallel to increase the current-
carrying capacity, with no change in the circuit. 

gif. 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 case 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. 

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. 

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, R1, 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 R1 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: 

Es — E.  
R2 X R1 

E. 
where Et is the output voltage of the supply 
with R2 and R1 in series as a load, L is the 
cut-off bias, and R1 is as described above. 

Fig. 807 —Supply for furnishin g protective bias to a 
power amplifier. The transformer, T, should furnish peak 
voltage at least equal to the protective bias required. 
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When such a supply is used with a Class-C 
amplifier, the voltage across R1 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 
eases 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 
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 that the current through it from 
the supply is several times the maximum grid 
current to be expected. By this means, the per-
centage variation in current is reduced. This 
method requires, however, that a considerable 
amount of power be dissipated in the bleeder, 
which in turn calls for a relatively large power 
transformer and filter choke. 

Bias-voltage variation may also be reduced 
by means of a regulator tube, as shown in Fig. 
808. The regulator tube usually is a triode 

Fig. 808— Auto-
matic voltage reg-
ulator for bias sup. From 
plies. For best Biassupp/y 
operation the tube 

having high mutual I R2 
used should be one 

conductance (§3-2). 

Regulator 
tube 

+C 

having a plate-current rating adequate to carry 
the expected grid current. It is cathode-biased 
(§ 3-6) by the resistor, R1, which is of the order 
of several hundred thousand ohms or a few 
megohms, so that with no grid current the tube 
is biased practically to cut-off. Because of this 
high resistance, the grid current will flow 
through the plate resistance of the regulator 
tube, which is comparatively low, rather than 
through R1 and R2; hence the voltage from 
the supply, across R1 and the cathode-plate 
circuit of the regulator tube in series, can be 
considered constant. The bias voltage is equal 
to the voltage across the tube alone. When grid 
current flows, the voltage across the tube will 
tend to increase; hence the drop across R1 de-
creases, lowering the bias on the regulator 
and reducing its plate resistance. This, in turn, 
reduces the tube voltage drop, and the bias 
voltage tends to remain constant over a 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 voltage plus the voltage 
required to bias the regulator tube to cut-off, 
considering the output bias voltage as the plate 
voltage applied to the regulator. The current 
taken from the bias supply is negligible. R2 
may be tapped to provide a range of bias volt-
ages to meet different tube requirements. 
Multi-stage bias supplies — Where several 

power amplifier tubes are to be biased from a 
single supply, the various bias circuits must be 
isolated by some means. If the grid currents 
of all stages should flow through a single 
bleeder resistor, a variation in grid current in 
one stage would change the bias on all, a 
condition which would interfere with effective 
adjustment and operation of the transmitter. 
When protective bias is to be furnished 

several stages, the circuit arrangement of Fig. 
809, using rectifier tubes to isolate the individ-
ual grid-leaks of the various stages, may be 
employed. In the diagram, two type 80 recti-
fiers are used to furnish bias to four stages. 
Each pair of resistors (RIR2) constitutes a 
separate bleeder across the bias supply. R1 is 
the grid-leak for the biased stage; R2 is a drop-
ping resistor to adjust the voltage across R1 
to the cut-off value (without grid-current 
flow) for the biased tube. The values of R1 and 
R2 may be calculated as described in the para-
graph on protective bias. In this case, the bias 
supply should be designed to have inherently 
good voltage regulation; i.e., a choke-input 
filter with appropriate filter and bleeder con-
stants (§ 8-6) should be used, the bleeder being 
separate from those associated with the rec-
tifier tubes. When the voltage across RIR2 
rises because of grid-current flow through RI, 
the load on the supply will vary (hence the 
necessity for good voltage regulation in the 
supply), but there is no interaction of grid cur-
rents in the separate bleeders because the 
rectifiers can pass current only in one direction. 
When a single supply is to furnish operating 

bias for several stages, a separate regulator-
tube circuit (Fig. 808) may be used for each 
one. Individual voltages for the various stages 
can be obtained by appropriate taps on R2. 

From 
Sias Supply 

I //SI'. .4 

IOU 0 01 

Sy 

—C —C —C + 
Fig. 809 — Isolating circuit for multiple bias supply. 
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Fig. 810—Use of VR tubes to stabilize bias voltage. 

Well-regulated bias for several stages may 
be obtained by the use of gaseous regulator 
tubes, when the voltage and current ratings of 
the tubes permit their use. This is shown in 
Fig. 810. A single tube or two or more in series 
can be used to give the desired bias-voltage 
drop; the bias supply voltage must be high 
enough to provide starting voltage for the 
tubes in series. R1 is the protective resistance 
(§ 8-8); its value should be calculated for mini-
mum stable tube current. The maximum grid 
current that can be handled is 20 to 25 milli-
amperes with available regulator tubes. 

8-10 Miscellaneous Power-Supply 
Circuits 

Voltage dividers — A voltage divider is a 
resistance connected across a source of voltage 
and tapped at appropriate points, from which 
voltages lower than the terminal voltage may 
be taken (§ 2-6). Since the voltage at any tap 
depends upon the current drawn from the tap, 
the voltage regulation (§ 8-1) of such a divider 
.is inherently poor. Hence, a voltage divider is 
best suited to applications where the currents 
drawn are constant, or where separate voltage-
regulating circuits (§ 8-8) are used to compen-
sate for voltage variations at the taps. 
A typical voltage-divider arrangement is 

shown in Fig. 811. The terminal voltage is E, 
and two taps are provided to give lower volt-
ages, E1 and E2, at currents /2 and /2 respec-
tively. The smaller the resistance between 
taps in proportion to the total resistance, the 
smaller the voltage between the taps. In ad-
dition to the load currents, Ii and 12, there 
is also the bleeder current, /b. The voltage 
divider may be the bleeder for the power sup-
ply. For convenience, the voltage divider in 
the figure is considered to be made up of 
separate resistances, RI, R2, R3, between taps. 
R1 carries only the bleeder current, lb. R2 
carries /1 in addition to lb; R3 carries /2, /1 
and /b. For the purpose of calculating the 
resistances required, a bleeder current, h, must 

Fig. 811 —Typical 
voltage-divider circuit. 

R3 — 
lb + 11 ± 1.2 

be assumed; generally it is low compared to 
the total load current (10 per cent or so). Then 

R1 = 

R2 — E2 
lb + II 

E — E2 

the currents being expressed in amperes. 
The method may be extended to any de-

sired number of taps, each resistance section 
being calculated by Ohm's Law (§ 2-6) using 
the voltage drop across it and the total current 
through it. The power dissipated by each sec-
tion may be calculated by multiplying the 
same quantities together. 

In case it is desired to have the bleeder re-
sistance total to a predetermined value, the 
same method of calculation may be followed, 
but different values of bleeder current should 
be tried until the correct result is found. 

Transformerless plate supplies — It is pos-
sible to rectify the line voltage directly, with-
out using a step-up power transformer, for 
certain applications (such as some types of re-
ceivers) where the low voltage so obtained is 
satisfactory. A simple power-supply system 
of this type, using a half-wave rectifier, is 
shown in Fig. 812. Tubes for this purpose are 
provided with heaters operating at relatively 
high voltages (25, 35, 70, or 115 volts), which 
can be connected across the line in series with 
other tube filaments and/or a resistor, R, of 
suitable value to limit the current to the rated 
value for the tube heater. The rectifier often is 

Fig. 812— Transforrnerless plate supply with half-wave 
rectifier. Other filaments are connected in series with R. 

incorporated in the same tube envelope with 
an audio power-amplifier tube. 
The half-wave circuit shown has a funda-

.mental ripple frequency equal to the line fre-
quency (§ 8-4) and hence requires more in-
ductance and capacity in the filter for a given 
ripple percentage (§ 8-5) than the full-wave 
rectifier. A condenser-input filter generally is 
used, frequently with a second choke and 
third condenser (§ 8-5) to provide the neces-
sary smoothing. 
A disadvantage of the transformerless cir-

cuit is that no ground connection can be used 
on the power supply, unless care is taken to in-
sure that the grounded side of the power line 
is connected to the grounded side of the supply. 
Receivers using this type of supply generally 
are grounded through a low capacity (0.05 
pfd.) condenser, to avoid short-circuiting the 
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Fig. 813 —Voltage-doubling transformerless plate supply. 

line should the line plug be inserted in the 
socket the wrong way, and the chassis is iso-
lated from the power supply. The input con-
denser should be at least 16 lafd. and preferably 
32 dd., to keep the output voltage high and to 
improve voltage regulation. 

Voltage-doubling circuits — The circuit 
arrangement of Fig. 813, frequently used in 
transformerless plate supplies, gives full-wave 
rectification combined with doubling of the 
output voltage. This is accomplished by using 

a double-diode rectifier, one section of which 
charges C1 when the line polarity between its 
plate and cathode is positive while the other 
section charges C2 when the line polarity 
reverses. Thus each condenser is charged sepa-
rately to the same d.c. voltage, and they dis-
charge in series into the load circuit. For ef-
fective operation of this circuit, the capacities 
of C1 and C2 must be at least 16 pfd. each and 
preferably higher. 
The ripple frequency with this circuit is 

twice the line frequency, since it is a full-wave 
circuit (§ 8-4). The voltage regulation is in-
herently poor and depends critically upon the 
capacities of C1 and C2, being better as these 
capacities are made larger. A typical supply 
with 16 dd. each at C1 and C2 will have 
an output voltage of approximately 300 at 
light loads, dropping to about 210 volts at 
the rated current of 75 milliamperes. 
No direct ground can be used on this 

supply or on the equipment with which it 
is used. If an r.f. ground is made through 
a condenser the capacity should be small 
(about 0.05 µfd.), since it is in shunt from 
plate to cathode of one rectifier. A large ca-
pacity (low reactance) would by-pass the rec-
tifier, thereby nullifying its operation. 

Duplex plate supplies — In some cases it 
may be advantageous economically to obtain 
two plate-supply voltages from a single power 
supply, making one or more of the components 
serve a double purpose. Two circuits of this 
type are shown in Figs. 814 and 815. 

In Fig. 814, 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 shows how a transformer with 
multiple secondary taps may be used to obtain 
both high and low voltages simultaneously. A 
separate full-wave rectifier is used at each 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 load current. Each bleeder resistance 
should have a value in ohms of 1000 times the 
maximum rated inductance in henrys of the 
swinging choke, L1, for best regulation (§ 8-6). 

+NV 

Fig. 814 — Duplex plate sup-
ply, in which a combination 
bridge and center-tap recti-
fier circuit is used to deliver 
two output voltages with 
good regulation. Only one 
plate transformer is required. 

Rectifiers in parallel — Vacuum-type recti-
fiers may be connected in parallel (plate to 
plate and cathode to cathode) for higher cur-
rent-carrying capacity with no circuit changes. 
When mercury-vapor rectifiers are connected 

in parallel, slight differences 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, since 
the voltage drop is then too low to ignite the 
second tube. This can be prevented by connect-
ing resistors in series with each plate, as shown 
in Fig. 816, thereby insuring that a high-
enough voltage for ignition will be available. 

V 

MI V 

Fig. 8 5 — Power supply in which a single transformer 
and set of chokes serve for two different output voltages. 



Power Supply 171 

Fig. 816 — Operating mercury-vapor rectifiers in paral-
lel. The iesistors marked R should be 50 to 100 ohms. 

Vibrator power supplies —For portable 
or mobile work, the most common source of 
power for both filaments and plates is the 6-
volt automobile-type storage battery. Fila-
ments may be heated directly from the battery, 
while plate power is obtained by passing cur-
rent from the battery through the primary of 
a suitable transformer, interrupting it at regu-
lar intervals to give the changing magnetic field 
required for inducing a voltage in the second-
ary (§ 2-5), and rectifying the secondary out-
put. The rectified output is pulsating d. c., which 
may be filtered by ordinary means (§ 8-5). 

Fig. 817 shows two types of circuits used, 
both with vibrating-reed interrupters (vibra-
tors). At A is shown the non-synchronous type 
of vibrator. When the battery circuit is open 
the reed is midway between the two contacts, 
touching neither. On closing the battery circuit 
the magnet coil pulls the reed into contact 
with the lower point, causing current to flow 
through the lower half of the trans-
former primary winding. Simulta-
neously, the magnet coil is short-
circuited and the reed swings back. 
Inertia carries it into contact with 
• the upper point, causing current to 
flow through the upper half of the 
transformer primary. The magnet 
coil again is energized, and the 
cycle repeats itself. 
The synchronous circuit of Fig. 

817-B is provided with an extra 
pair of contacts which rectify the 
secondary output of the trans-
former, thus eliminating the need 
for a separate rectifier tube. The 
secondary center-tap furnishes the 
positive output terminal when the 
relative polarities of primary and 
secondary windings are correct. 
The proper connections may be determined by 
experiment, reversing the secondary connec-
tions if the first trial is wrong. 
The buffer condenser, C2, across the trans-

former secondary is used to absorb surges 
which would occur on breaking the current, 
when the magnetic field collapses practically 
instantaneously and hence causes a yery high 
voltage to be induced in the secondary ‘(§ 2-5). 

(A) 

(B) 

Its value usually is between 0.005 and 0.03 
isfd. and for 250-300 volt supplies it should be 
rated at 1500 to 2000 volts d.c. The proper 
capacity is rather critical, and should be deter-
mined experimentally. The optimum value is 
that which results in least battery current for 
a given rectified d.c. output from the supply. 
Sparking at the vibrator contacts causes r.f. 

interference ("hash") when such a supply is 
used with a receiver. This can be minimized by 
installing hash filters, consisting of RFC1 and 
C1, in the battery circuit, and RFC2 with C3 
in the d.c. output circuit. CI is usually from 
0.5 to 1 ,dd., a 50-volt rating being adequate. 
RFC1 consists of about 50 turns wound to 
about half-inch diameter, No. 12 or No. 14 
wire being required to carry the rather heavy 
battery current without undue loss of voltage. 
C3 may be of the order of 0.01 to 0.1 pfd., 
and RFC2 a 2.5-millihenry choke of ordinary 
design. Equally as important as the hash filter 
is thorough shielding of the power supply and 
its connecting leads, since even a small piece 
of wire or metal will radiate enough hash to 
cause interference in a sensitive receiver. 

Line-voltage adjustment— In some local-
ities the line voltage may vary considerably 
from the nominal 115 volts as the load on the 
power system changes. Since it is desirable to 
operate tube equipment, particularly filaments 
and heaters, at constant voltage for maximum 
life, a means of adjusting the line voltage to the 
rated value is desirable. This can be accom-
plished by the circuit shown in Fig. 818, utiliz-
ing a step-down transformer with a tapped 
secondary connected as an autotransformer 
(§ 2-9). The secondary preferably should be 

Fig. 817 — Basic types of vibrator power-supply circuits. 

tapped in steps of two or three volts, and 
should have sufficient total voltage to com-
pensate for the widest variations encountered. 
Depending upon the end of the secondary 
to which the line is connected, the voltage to 
the load can be made either higher or lower 
than the line voltage. A secondary winding 
capable of carrying five amperes will serve for 
loads up to 500 volt-amperes on a 115-volt line. 



CHAPTER NINE 

Wave Propagation 

IQ 9-1 Radio Waves 

Nature of radio waves —Radio waves are 
electromagnetic waves, consisting of traveling 
electrostatic and electromagnetic fields so re-
lated to each other that the energy is evenly 
divided between the two, and with the lines of 
force in the two fields at right angles to each 
other in a plane perpendicular to the direction 
of propagation, as shown in Fig. 901. Except 
for the difference in order of wavelength, they 
have the same nature as light waves, travel 
with the same speed (300,000,000 meters per 
second in space), and, similarly to light, can be 
reflected, refracted and diffracted. 

Polarization — The polarization of a radio 
wave is taken as the direction of the lines of 
force in the electrostatic field. If the direction 
of the electrostatic component is perpendicular 
to the earth the wave is said to be vertically 
polarized, while if the electrostatic component 
is parallel to the earth the wave is horizontally 
polarized. The electromagnetic component, 
being at right angles to the electrostatic, there-
fore has its lines of force vertical when the 
wave is horizontally polarized and horizontal 
when the wave is vertically polarized. 
Reflection — Radio waves may be reflected 

from any sharply defined discontinuity, of 
suitable characteristics and dimensions, in the 
medium in which they are propagated. Any 
good conductor meets this requirement, pro-
vided its dimensions are at least comparable 
with the wavelength. The surface of the earth 
also forms such a discontinuity, and waves are 
readily reflected from the earth. 
Refraction — Refraction of radio waves is 

similar to the refraction of light; that is, the 

hfcrenelic 
fines of 
Force 

Electrostatic lines of Force 

Fig. 901 — Representation of electrostatic and elec-
tromagnetic 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 direction of travel. 

wave is bent when moving obliquely into a re-
gion having a different refractive index from 
that of the region it leaves. This bending results 
because the velocity of propagation differs in 
the two regions, so that the part of the wave-
front which enters first travels faster or slower 
than the part which enters the new region last, 
causing the wavefront to turn. 

Diffraction — When a wave grazes the edge 
of an object in passing, it is bent around the 
object. This bending is called diffraction. 
Ground and sky waves — Two types of 

waves occur, one traveling along the surface 
of the ground, the other traveling through the 
atmosphere and having no contact with the 
ground along most of its path. The former is 
called the ground wave, the latter the sky wave. 
The ground wave dies out rather rapidly but 
the sky wave can travel great distances, espe-
cially on high frequencies (short wavelengths). 

Field strength — The intensity of the elec-
trostatic field of the wave is called the field 
strength at the point of measurement. It is 
usually expressed in microvolts per meter, and 
is equivalent to the voltage induced in a wire 
one meter long placed with its axis parallel to 
the direction of polarization. 

E. 9-2 The Ground Wave 

Description— The ground wave is continu-
ously in contact with the surface of the earth 
and, in cases where the distance of transmis-
sion makes the curvature of the earth impor-
tant, is propagated by means of diffraction, 
with refraction in the lower atmosphere also 
having some effect. The ground wave is prac-
tically independent of seasonal and day and 
night effects at the higher frequencies (above 
1500 kc.). 
Polarization— A ground wave must be 

vertically polarized because the electrostatic 
field of a horizontally polarized wave would be 
short-circuited by the ground, which acts as a 
conductor at the frequencies for which the 
ground wave is of most interest. 
Ground characteristics and losses — The 

wave induces a current in the ground in travel-
ing along its surface. If the ground were a per-
fect conductor there would be no loss of energy, 
but actual ground has appreciable resistance, 
so that the current flow causes some energy 
dissipation. This loss must be supplied by 
the wave, which is correspondingly weakened. 
Hence, the transmitting range depends upon 
the ground characteristics. Because sea water 
is a good conductor, the range will be greater 
over the ocean than over land. The losses in-
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crease with fequency, so that the ground wave 
is rapidly attenuated at high frequencies and 
above about 2 Mc. is of little importance ex-
cept in purely local communication. 
Range of ground wave At frequencies in 

the vicinity of 2 Mc. the ground-wave range 
is of the order of 200 miles over average land 
and perhaps two or three times as far over 
sea water, for a medium-power transmitter (500 
watts or so) using a good antenna. At higher 
frequencies the range drops off rapidly, and 
above 4 Mc. the ground wave is useful only for 
work over quite short distances. 

41 9-3 The Ionosphere 

Description — Since a sky wave leaving the 
transmitting antenna has to travel upward 
with respect to the earth's surface, it would 
simply continue out into space if its path were 
not bent sufficiently to bring it back to the 
earth. The medium which causes such bending 
is the ionosphere, a region in the upper atmos-
phere where free ions and electrons exist in 
sufficient quantity to cause a change in the re-
fractive index. Ultraviolet radiation from the 
sun is considered to be responsible for the ioni-
zation. The ionosphere is not a single region 
but consists of a series of "layers" which occur 
at different heights, each layer consisting of a 
central region of ionization which tapers off 
in intensity both above and below. 

Refraction, absorption, reflection— For a 
given intensity of ionization, the amount of 
refraction becomes less as the frequency of 
the wave becomes higher (shorter wavelength). 
The bending therefore is smaller at high than at 
low frequencies, and if the frequency is raised 
to a high-enough value the bending eventually 
will become too slight to bring the wave back 
to earth, even when it enters the ionosphere at 
a very small angle to the "edge" of the ionized 
zone. At this and higher frequencies long-dis-
tance communication becomes impossible. 
The greater the intensity of ionization, the 

greater the bending on a given frequency. Thus 
an increase in ionization increases the maxi-
mum frequency which can be bent sufficiently 
for long-distance communication. The wave 
loses some energy in the ionosphere, and this 
energy loss increases with ionization density 
and the wavelength. Unusually high ionization 
may cause complete absorption of the wave 
energy, especially when the ionization is high 
in the lower regions of the ionosphere and be-
low the lowest normally useful layer. When the 
wave is absorbed in the ionosphere it is no 
more useful for communication than if it had 
passed through without sufficient bending to 
bring it back to earth. 

In addition to refraction, reflection may take 
place at the lower boundary of a layer if that 
boundary is well-defined; i.e., if there is an 
appreciable change in ionization within a rela-
tively short interval of distance. 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 the 
wavelength, hence reflection is more apt to 
occur at longer wavelengths (lower frequencies). 

Critical frequency — When the frequency is 
low enough, a wave sent vertically upward to 
the ionosphere will be bent sufficiently to re-
turn to the transmitting point. The highest 
frequency at which this occurs, for a given 
state of the ionosphere, is called the critical 
frequency. It serves as an index for transmis-
siori conditions, although it is not the highest 
useful frequency since waves which enter the 
ionosphere at smaller angles than 90 degrees 
(vertical) will be bent sufficiently to return to 
earth. The maximum usable frequency, for 
waves leaving the earth at very small angles 
to the horizontal, is in the vicinity of three 
times the critical frequency. 

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

Virtual height — Although a layer is a re-
gion of considerable depth it is convenient to 
assign to it a definite height, called the virtual 
height. The virtual height is the height from 

Fig. 902 — Showing bending in the ionosphere and the 
echo or reflection method of determining virtual height. 

which a pure reflection would give the same 
effect as the refraction which actually takes 
place. This is illustrated in Fig. 902. The wave 
traveling upward is bent back over a path hav-
ing appreciable radius of turning, and a meas-
urable interval of time is consumed in the turn-
ing process. The virtual height is the height of a 
triangle formed as shown, having equal sides of 
a total length equivalent to the time taken for 
the wave to travel from T to R. 
The E layer — The lowest normally useful 

layer is called the E layer. Its average height 
(maximum ionization) is about 70 miles. The 
ionization density is greatest around local 
noon, and the layer is only weakly ionized at 
night when the raciation from the sun is not 
present. This is because the air at this height 
is sufficiently dense so that free ions and elec-
trons very quickly meet and recombine. 
The F, F1 and F2 layers — The second prin-

cipal layer is the F, which is at a height of about 
175 miles at night. In this region the air Is so 
thin that recombination of ions and electrons 
takes place very slowly, since the particles can 
travel relatively great distances before meeting. 
The ionization decreases after sundown, reach-
ing a minimum just before sunrise. In the day-



174 THE RADIO AMATEUR'S HANDBOOK 

time the F layer splits into two layers, the F1 
and F2, at average virtual heights of about 140 
miles for the F1 and 200 miles for the F2. These 
are most highly ionized at about local noon, 
and merge again at sunset into the F layer. 

Seasonal effects—In addition to day and 
night variations, there are also seasonal changes 
in the ionosphere as the quantity of radiation 
received from the sun changes. Thus the E 
layer has higher critical frequencies in the sum-
mer (about 4 Mc., average, in daytime) than 
in the winter, when the critical frequency is 
near 3 Mc. The F layer shows little variation, 
the critical frequency being of the order of 4 to 
5 Mc. in the evening. The F1 layer, which has a 
critical frequency in the neighborhood of 5 
Mc. in summer, usually disappears in winter. 
The critical frequencies are highest in the F2 
layer in winter (11 to 12 Mc.) and lowest in 
summer (around 7 Mc.). The virtual height of 
the F2 layer is also less in winter (about 185 
miles) than in summer (average 250 miles). 

In the spring and fall a transition period 
occurs, and conditions in the ionosphere are 
more variable at these- times of the year. 
Sunspot cycles—The critical frequencies 

mentioned in the preceding paragraph are 
mean values, since the ionization also varies 
with the 11-year sunspot cycle, being higher 
during times of greatest sunspot activity. Criti-
cal frequencies are highest during sunspot 
maxima and lowest during sunspot minima. 
The E critical frequency does not change 
greatly, but the F and F2 critical frequencies 
change in a ratio of about 2 to 1. 
Magnetic storms and other disturbances 

— Unusual disturbances in the earth's mag-
netic field (magnetic storms) usually are ac-
companied by disturbances in the ionosphere, 
when the layers apparently break up and ex-
pand. Usually there is also an increase in ab-
sorption during such a period. Radio transmis-
sion is poor and there is a drop in critical fre-
quencies, so that lower frequencies must be 
used. Such a storm may last for several days. 

Unusually high ionization in the region of 
the atmosphere below the normal ionosphere 
may increase absorption to such an extent that 
sky-wave transmission becomes impossible on 
high frequencies. The length of such a disturb-
ance may be several hours, with a gradual fall-
ing off of transmission conditions at the begin-
ning and an equally gradual building up at the 
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end of the period. Fadeouts, similar to the above 
in effect, are caused by sudden disturbances on 
the sun. Characterized by very rapid ioniza-
tion, with sky-wave transmission disappearing 
almost instantly, they occur only during day-
light and do not last as long as the first type. 

411. 9-4 The Sky Wave 
Wave angle (angle of radiation)— The 

smaller the angle at which the wave leaves 
the earth, the smaller the bending required 
in the ionosphere to bring it back and, in gen-
eral, the greater the distance between the point 
where it leaves the earth and that at which it 
returns (§ 9-3). This is shown in Fig. 903. The 
vertical angle which the wave makes with a 
tangent to the earth is called the wave angle or 
angle of radiation, the latter term being used 
more in connection with transmitting than 
with receiving. 

Skip distance—Since more bending is re-
quired to return the wave to earth when the 
wave angle is high, it is found that at high fre-
quencies the refraction frequently is not great 
enough to give the required bending unless 
the wave angle is smaller than a certain angle, 
called the critical angle. This is shown in Fig. 
903, where wave angles A and lower give useful 
signals but waves sent at higher angles travel 
through the layer and do not return. The dis-
tance between T and R1 is, therefore, the short-
est possible distance over which sky-wave com-
munication can be carried on. The area be-
tween the end of the useful ground wave and 
the beginning of sky-wave reception is called 
the skip zone. The skip distance depends upon 
the frequency and the state of the ionosphere, 
and is greater the higher the transmitting fre-
quency and the lower the critical frequency 
(§ 9-3). It depends also upon the height of the 
layer in which the refraction takes place, the 
higher layers giving longer distances for the 
same wave angle. The wave angles at the trans-
mitting and receiving points are usually, 
although not necessarily, approximately the 
same for a given wave path. 

It is readily possible for the sky wave to 
pass through the E layer and be refracted back 
to earth from the F, F1 or F2 layers. This is 
because the critical frequencies are higher 
in the latter layers, so that a signal too high in 
frequency to be returned by the E layer can 
still come back from the F1, F2 or F, depending 

Fig. 903 — Refraction of sky waves, show-
ing the critical wave angle and the skip 
zone. Waves leaving the transmitter at 
angles above the critical (greater than A) 
are not bent enough to be returned to earth. 
As the angle is increased, the waves return 
to earth at increasingly greater distances. 
Below a certain minimum angle (less than 
A) the waves do not ever return to earth. 
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upon the time of day and the conditions exist-
ing. Depending upon the wave angle and the 
frequency, it is also possible to carry on com-
munication via either the E or F1-F2 layers on 
the same frequency. 
Multi-hop transmission — On returning to 

earth the wave can be reflected (§ 9-1) up-
ward and travel again to the ionosphere, where 
refraction once more takes place, again with 
bending back to the earth. This process, which 
can be repeated several times, is necessary for 
transmission over great distances because of 
the limited heights of the layers and the curva-
ture of the earth, since at the lowest useful 
wave angles (of the order of a few degrees, 
waves at smaller angles generally being ab-
sorbed rapidly at high frequencies by being in 
contact with the earth) the maximum one-hop 
distance is about 1250 miles with refraction 
from the E layer and around 2500 miles from 
the le2 layer. Ground losses absorb some of the 
energy from the wave on reflection, the amount 
of loss varying with the type of ground and 
being least for reflection from sea water. When 
the distance permits it is better to have one 
hop rather than several, since the multiple re-
flections introduce losses which are higher than 
those caused by the ionosphere. 
Fading — Two or more parts of the wave 

may follow slightly different paths in traveling 
to the receiving point, in which case the dif-
ference in path lengths will cause a phase 
difference to exist between the wave compo-
nents at the receiving antenna. The field 
strength therefore may have any value be-
tween the numerical sum of the components 
(when they are all in phase) and zero (when 
there are only two components and they are 
exactly out of phase). Since the paths change 
from time to time, this causes a variation in 
signal strength called fading. Fading also can 
result from the combination of single-hop 
and multi-hop waves, or the combination of a 
ground wave and sky wave. The latter condi-
tion gives rise to an area of severe fading near 
the limiting distance of the ground wave, better 
reception being obtained at both shorter and 
longer distances where one component or 
the other is considerably stronger. Fading may 
be rapid or slow, the former type usually re-
sulting from rapidly changing conditions in the 
ionosphere, the latter occurring when trans-
mission conditions are relatively stable. 

Fig. 904 — Multi-hop transmission, 
showing two. and three-hop paths. A 
high-angle wave may be reflected up-
ward from the ground and then re-
fracted again to appear at the receiving 
point, R (two-hop transmission). If the 
angle of the wave is high enough, the 
process may be repeated several times. 

e 9-5 Very-High-Frequency 
Propagation 

Direct ray — In the very-high-frequency 
portion of the spectrum (above 30 Mc.), the 
bending of the waves in the normal ionosphere 
layers is so slight that the sky wave (§ 9-4) does 
not ordinarily play any part in communica-
tion. The ground-wave (§ 9-2) range also is ex-
tremely limited, because of high absorption in 
the ground at these frequencies. Normal v.h.f. 
transmission is by means of a direct ray, or 
wave traveling directly from the transmitter 
to the receiver through the atmosphere. Since 
the energy lost in ground absorption by a wave 

Fig. 905 — Showing how both direct and reflected waves 
may be received simultaneously in v.h.f. transmission. 

traveling close to the ground decreases very 
rapidly with its height in wavelengths above 
ground, a very-high-frequency wave can be 
relatively close (in physical height) to the 
ground without suffering the absorption effects 
which would occur at the same physical heights 
with longer wavelengths. 

Since the wave travels practically in a 
straight line, the maximum signal strength can 
be obtained only when there is an unobstructed 
atmospheric path between the transmitter and 
receiver. This means that the transmitting and 
receiving points should be sufficiently high to 
provide such a path, and on long paths the 
curvature of the earth as well as the interven-
ing terrain must be taken into account. 

Reflected ray—In addition to the direct ray, 
part of the wave strikes the ground between 
the transmitter and receiver and is reflected 
upward at a slight angle, producing a reflected-
ray component at the receiver. This is shown in 
Fig. 905. The reflected ray is more or less out 
of phase with the direct ray, hence the net 
field strength at the receiving point is less 
than that of the direct ray alone. The cancel-
ing effect of the reflected ray depends upon 
the heights of the transmitter and receiver 
above the point of reflection, the ground losses 
when reflection takes place, and the frequency, 
decreasing with an increase in any of these. 
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Atmospheric refraction—There is nor-
mally some change in the refractive index of 
the air with height above ground, its nature 
being such as to cause the waves to bend 
slightly towards the ground. Where curvature 
of the earth must be considered, this has the 
effect of lengthening the distance over which 
it is possible to transmit a direct ray. It is 
convenient to consider the effect of this "nor-
mal" refraction as equivalent to an increase in 
the earth's radius, in determining the trans-
mitting and receiving heights necessary to pro-
vide a clear path for the wave. The equivalent 
radius, taking refraction into account, is 4/3 
the actual radius. 
Range vs. height— The height required to 

provide a clear path ("line of sight") over level 
ground from an elevated transmitting point 
to a receiving point on the surface, not includ-
ing the effect of refraction, is 

d2 
h =-

1.51 

where h is the height in feet and d the distance 
in miles. Conversely, the line of sight distance 
in miles for a given height in feet is equal to 
1.23‘41. Taking refraction into account, this 
equation becomes 1.41i/h. Fig. 906 gives the 
answer directly when one quantity is knowii. 
When transmitter and receiver both are ele-

vated, the maximum direct-ray distance to 
ground level as given by the formulas can be 
determined separately for each. Adding to-
gether the two distances so obtained will give 
the maximum distance by which they can be 
separated for direct-ray communication. This 
is shown in Fig. 907. , 
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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. 

Fig. 907 — Method of determining total line-of-sight 
distance when 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 considered when computing each actual path. 

Diffraction— At distances beyond the 
direct-ray path the wave is diffracted around 
the curvature of the earth. The diffracted 
wave is attenuated very rapidly, so that be-
yond the maximum direct-ray distance the 
signal strength decreases considerably faster 
with distance than it does within the direct-
ray or line-of-sight path. 

C. 9-6 Troposphere Refraction 

Temperature ir, rersiorts — The refractive 
index of the lower atmosphere depends prin-
cipally upon the temperature, moisture con-
tent, and pressure. Of the three, only tempera-
ture differences cause a large enough change 
in refractive index to refract very-high fre-
quency waves in such a way as to extend the 
distance range beyond the normal direct-ray 
and diffracted-wave ranges discussed in the 
preceding section. This occurs when there is a 
"temperature inversion," or a layer of warm 
air over cooler air near the ground. Tempera-
ture inversions are relatively frequent in the 
summer, and usually occur at heights from a 
few thousand feet to two miles or so above the 
ground. 
Lower atmosphere bending — When there 

is a sufficiently marked temperature inver-
sion, i.e., a rapid rise of temperature with 
height, a wave is refracted back to earth in 
much the saine way as in the ionosphere, al-
though the cause of the change in refractive 
index is different. The amount of bending is 
small compared to the bending in the iono-
sphere. Consequently, the wave angle (§ 9-4) 
must be quite low (zero or nearly so), but since 
the bending takes place at a low altitude it is 
possible to extend the range of v.h.f. signals 
to several hundred miles when both transmitter 
and receiver are well below the line of sight. 

Fig. 908 illustrates the conditions existing 
when the air is "normal" and when a tempera-
ture inversion is present. Since the bending 
is relatively small it is advantageous to have 
as much height as possible at both the receiv-
ing and transmitting points, even though these 
heights may be considerably less than those 
necessary for "line-of-sight" transmission. 
Frequency effects— The amount of bend-

ing is greater at longer wavelengths (lower 
frequencies) but is not usually observed at fre-
quencies much below 28 Mc., partly because it. 
is masked by other effects. The upper limit of 
frequency at which useful bending ceases is 
not known, but transmission by this means is 
frequent on 56 and 112 Mc. 
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IQ 9-7 Sporadic-E Ionization 

Description— Under certain conditions 
small regions or " patches" of unusually dense 
ionization may appear in the E layer of the 
ionosphere, for reasons not yet clearly under-
stood. This is known as sporadic-E ionization, 
and the change in refractive index in such a 
patch or cloud frequently is great enough to 
cause waves having frequencies as high as 
60 Mc. to be bent back to earth. The dimen-
sions of a sporadic-E cloud are relatively small, 
hence communication by means of it is re-
stricted to transmitting and receiving local-
ities so situated with respect to the cloud 
and to each other that a refracted wave path 
is possible. 
The abnormal ionization usually disappears 

in the course of a few hours. Sporadic-E ioniza-
tion is more frequent in the summer than in the 
winter, and may occur at any time of the day 
or night. 
Transmission characteristics — Sporadic-E 

refraction may take place at all frequencies 
up to the region of 60 Mc. At the present time 
there are no known cases of such refraction 
on 112 Mc. When sporadic-E ionization is 
present skip distance is greatly reduced (when 
a wavepath via the cloud is possible to a given 
receiving location) on the frequencies where 
transmission normally is by means of the F, 
and F2 layers; that is, from about 3.5 to 30 Mc. 
at night. The skip zone may in fact disappear 
entirely over most of the high-frequency 
spectrum, since the critical frequencies may 
rise to as high as 12 Mc. for sporadic-E refrac-
tion. 
At very-high frequencies the bending is rela-

tively small compared to lower frequencies, and 
only wave angles of the order of 5 degrees 
and less are useful in most cases. The trans-
mitting and receiving points thus must be 
sufficiently distant from the cloud to enable 
a wave leaving the transmitter at such angles 
to strike it, and the cloud should be approxi-
mately on, and near the center of, the line 
joining the transmitter and receiver. Unless the 
ionization is extremely intense, the minimum 

Direct Ray Downward 

TEMPERATURE INVERSION 

Fig. 908 — Illustrating the effect of a temperature 
inversion in extending the range of v.h.f. signals. 

distance of transmission on 56 Mc. is of the 
order of 800 miles and the maximum distance 
about 1250 miles. 

Multi-hop transmission by means of two 
sporadic-E clouds properly situated with re-
spect to a transmitter and receiver is possible, 
but rather rare. Distances up to 2500 miles or 
so have been attained on 56 Mc. by this means. 

IF, 9-8 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 indicated 
for the longer distances. High-angle radiation 
may cause fading toward the limit of the 
ground-wave signal, because the downcoming 
waves add in random phase to the ground 
wave. Vertical polarization is to be preferred. 

3.5 Mc.— As at 1.75 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 importance. 
7 Mc.— 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-
trate the radiation below 45 degrees. Polariza-
tion is not important, except that losses prob-
ably will be higher with vertical polarization. 

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

amount of data indicates that, as in the case of 
56 Mc. optical and lower-atmosphere transmis-
sion, either horizontal or vertical polarization 
may be used, so long as the same type is em-
ployed at both ends of the circuit. 



CHAPTER TEN 

Antenna Systems 

C 10-1 Antenna Properties 

IV ave propagation and antenna design — 
For most effective transmission, the propaga-
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 of radiation and polariza-
tion may be of relatively little importance; on 
others they may be all-important. On a given 
frequency, the particular type of antenna best 
suited for long-distance transmission may not 
be as good for shorter-range work as would a 
different type. 
The important properties of an antenna or 

antenna system are its polarization, angle of 
radiation, impedance, 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 
horizontal antenna 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 of 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 
at the transmitting point. 
Impedance— The impedance (§ 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 to the antenna, 
since it constitutes the load resistance repre-
sented by the antenna. At high frequencies 
the antenna impedance consists chiefly of ra-
diation resistance (§ 2-12). It is understood 
to be measured at a current loop (§ 2-12), un-
less otherwise specified. 
Directivity— All antennas radiate more 

power in certain directions than in others. 
This characteristic, called directivity, must be 
considered 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 wave 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. Since standing waves generally are 
present on an antenna, the parts of the wire 
carrying the higher current therefore have the 
greatest radiating effect. 
Power gain — The ratio of power required 

to produce a given field strength, with a "com-
parison" antenna, to the power required to 
produce 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 
a half-wave antenna having the same polariza-
tion as the antenna under consideration. Power 
gain usually is expressed in decibels (§ 3-3). 

C. 10-2 The Half-Wave Antenna 

Physical 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 doublet antenna. 
The length of a half wave in space is: 

Length (feet) —  492 (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 
average conditions the following formula will 
give the length of a half-wave antenna to suffi-
cient accuracy for frequencies up to 30 Mc.: 

Length of half-wave antenna (feet) -= 

492 X 0.95 _  469 
(2) 

Freq. (Mc.) Freq. (Mc.) 

At 56 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  462  
(3) Freq. (Mc.) Freq. (Mc.)' 

5540  
or length (inches) = (4) 

Freq. (Mc.) 

Current and voltage distribution— When 
power is fed to such an antenna the current and 
voltage vary along its length (§ 2-12). The 
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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 practieal 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 length. 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 
impedance at the center will be raised and the 
impedance at the ends decreased. This increase 
in center impedance (of the order of 50 per cent 
for a diameter/length ratio of 0.025) is accom-
panied by a decrease in the Q (§ 2-10, 2-12) of 
the antenna, so that the resonance curve is less 
sharp. Hence, the antenna is capable of work-
ing over a wider frequency range. This effect 
is greater as the diameter/length ratio is in-
creased, and is a property of some importance 
at the very-high frequencies where the wave-
length 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, 

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. 

01 10-3 Ground Effects 

Reflection — When 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 dependent 
upon the height of the antenna, its position or 
orientation with respect to the surface of the 
ground, and the electrical characteristics of the 
ground. The 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 radiation pattern of a half-
wave antenna. The antenna is shown in the vertical 
position. This is a cross-section of the solid pattern de. 
scribed by the figure 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 (§ 9-4, 9-5). 
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Fig. 1003 — Effect of ground on radiation of horizontal 
antennas at vertical angles for four antenna heights. 
This chart is based on perfectly conducting ground. 

It is advantageous, therefore, to erect the an-
tenna at a height which will take advantage of 
ground reflection in such a way as to reinforce 
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 A wavelength at 14 Mc., 
and preferably 34 or 1 wavelength; at least 1 
wavelength, and preferably higher, at 28 Mc. 
and the very-high frequencies. The physical 
height decreases as the frequency is increased, 
so that good heights are not impracticable; a 
half wavelength at 14 Mc. is only 35 feet, ap-
proximately, while the same height represents 
a full wavelength at 28 Mc. At 7 Mc. and lower 
frequencies the higher radiation 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 conductivitjr, which is 
not met with in practice. The principal effect of 
actual ground is to make the curves inaccurate 
at the lowest angles; appreciable high-frequency 
radiation at angles smaller than a few degrees 
is practiéally impossible to obtain at heights of 
less than several wavelengths. Above 15 de-
grees, 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 

the transmitting antenna is generally unimpor-
tant on frequencies between 3.5 and 30 Mc. 
However, the question of whether the antenna 
should be installed in a horizontal or vertical 
position deserves consideration for other rea-
sons. A vertical half-wave antenna will radi-
ate equally well in all horizontal 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, and will radiate best in the 
direction at right angles, or broadside, to the 
wire. The radiation in such a case will be least 
in the direction toward which the wire points. 
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. 
At 1.75 Mc., vertical polarization will give 

more low-angle radiation, and hence is better 
for long-distance transmission; at this fre-
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Fig. 1004 — Theoretical curve of variation of radiation 
resistance for a half-wave horizontal antenna, as a 
function of height above perfectly reflecting ground. 
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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 (§ 9-5, 9-6). 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 determining an-
tenna directional effects. Ground 
reflection is neglected in this 
drawing of the free-space field 
pattern of a horizontal antenna. 

A 

, r//' ezzezzar 

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 OA, 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 direction as OA. 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 (§ 9-7), the effective 
radiation pattern of the antenna approaches 
the free-space 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 horizontal 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. 
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Fig. 1006—Horizontal pattern of a horizontal half-
wave antenna at three vertical radiation angles. The 
solid line is relative radiation at 15 degrees. Dotted lines 
show deviation from the 15-degree pattern for angles of 
9 and 30 degrees. The patterns are useful for shape only, 
since the amplitude will depend upon the height of the 
antenna above ground and the vertical angle considered. 
The patterns for all three angles have been proportioned 
to the same scale, but this does not mean that the maxi-
mum amplitudes necessarily will be the same. The arrow 
indicates the direction of the horizontal antenna wire. 

C, 10-4 Applying Power to the Antenna 

Direct excitation — When power is trans-
ferred directly from 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. 
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Fig. 1007— Methods of directly exciting the half-wave 
antenna. A, current feed, series tuning; B, voltage feed, 
capacity coupling; C, voltage feed, with an inductively 
coupled antenna tank. In A, the coupling circuit is not 
included in the effective electrical length of the antenna. 
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Current feed—This method is shown 
in Fig. 1007-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, C1 and C2, are used to 
provide electrical means for reducing the 
length to its original unloaded value; in other 
words, their capacitive reactance serves to can-
cel the effect of the inductive reactance 
of the coil (§ 2-10). 

Voltage feed —In Fig. 1007, at B and C 
the power is introduced into the antenna at a 
point of high voltage. In B, the end of the an-
tenna is coupled to the output tank circuit 
through a small condenser, C; in C, a separate 
tank circuit, connected directly to the an-
tenna, is used. This tank is tuned to the trans-
mitter frequency, and should be grounded at 
one end or at the center of the coil, as shown. 
Adjustment of coupling — Methods of 

tuning and adjustment of direct-feed systems 
correspond to those used with transmission 
lines, which are discussed in § 10-6. 
Disadvantages of direct excitation— Di-

rect excitation seldom is used except on the 
lowest amateur frequencies, because it involves 
bringing the antenna proper into the operating 
room and hence into close relationship with 
the house and electric wiring. This usually 
means that some of the power is wasted in 
heating poor conductors in the field of the an-
tenna. Also, it often means that the shape of 
the antenna must be distorted, so that the ex-
pected directional effects are not realized, and 
likewise that the height will be limited. For 
these reasons, in high-frequency work prac-
tically all amateurs use transmission lines or 
feeder systems, which permit placing the an-
tenna in a desirable location. 

4:1 10-5 Transmission Lines 

Requirements — A transmission line is used 
to transfer power, with a minimum of loss, 
from its source to the device in which the power 
is to be usefully expended. At radio frequen-
cies, where every wire carrying r.f. current 
tends to radiate energy in the form of electro-
magnetic waves, special design is necessary to 
minimize radiation and thus cause as much of 
the power as possible to be delivered to the 
receiving end of the line. 

Radiation can be minimized by using a line 
in which the current is low, and by using two 
conductors carrying currents of equal magni-
tudes but opposite phase so that the fields 
about the conductors cancel each other. For 
good cancellation of radiation, the two conduc-
tors should be kept parallel and quite close to 
each other. 
Types— The most common form of trans-

mission line consists of two parallel wires, 
maintained at a fixed spacing of two to six 

inches by insulating spacers or spreaders 
placed at suitable intervals (open-wire line). A 
second type consists of rubber-insulated wires 
twisted together to form a flexible line, without 
spacers (twisted-pair line). A third uses a wire 
inside of and coaxial with a tubing outer con-
ductor, separated from the outer conductor by 
insulating spacers or "beads" at regular inter-
vals (coaxial or concentric line). A variation of 
this type uses solid rubber insulation between 
the inner and outer conductors, the latter usu-
ally being made of metal braid rather than of 
solid tubing, so that the line will be flexible. 
Still another type of line uses only a single 
wire, without a second conductor (single-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 comparison to the operating wave-
length, to prevent appreciable radiation. It is 
impracticable to make the spacing too small, 
however, because when the wires swing with 
respect to each other in a wind the line con-
stants (§ 21-2) will vary, and thus cause a 
variation in tuning or loading on the transmit,-
ter. It is also desirable to use as few insulating 
spacers as possible, to keep the weight of the 
line to a minimum. In practice, a spacing of 
about six inches is used for 14 Mc. and lower 
frequencies, with four- and two-inch spacings 
being common on the very-high frequencies. 
Balance to ground—For maximum can-

cellation of the fields about the two wires, it 
is necessary that the currents be equal in 
amplitude and opposite in phase. Should the 
capacity or inductance per unit length in one 
wire differ from that in the other, this condition 
cannot be fulfilled. Insofar as the line itself is 
concerned, the two wires will have identical 
characteristics only when the two have exactly 
the same physical relationships to ground and 
to other objects in the vicinity. Thus, the line 
should be symmetrically constructed and the 
two wires should be at the same height. Line 
unbalance can be minimized by keeping the 
line as far above the ground and as far from 
other objects as possible. 

Fig. 1008 — Transposing a two-wire open transmission 
line preserves balance to ground and to near-by objects. 

To overcome unbalance the line sometimes 
is transposed, which means that the positions 
of the wires are interchanged at regular inter-
vals (Fig. 1008). This procedure is more helpful 
on long than on short lines, and usually need 
not be resorted to for lines less than a wave-
length or so long. 

Characteristic impedance—The square 
root of the ratio of inductance to capacity 
per unit length of the line is called the charac-
teristic or surge impedance. It is the impedance 
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which a long line would present to an electrical 
impulse induced in the line, and is important 
in determining the operation of the line in 
conjunction with the apparatus to which it is 
connected. 
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Fig. 1009 —Chart showing the characteristic imped-
ances of typical spaced-conductor transmission lines. 

The characteristic impedance of air-insu-
lated transmission lines may be calculated from 
the following formulas: 

Parallel-conductor line: 

Z = 276 log — (5) 
a 

where Z is the surge impedance, b the spacing, 
center to center, and a the radius of the con-
ductor. The quantities b and a must be meas-
ured in the same units (inches, etc.). Surge 
impedance as a function of spacing for lines 
using conductors of different sizes is plotted in 
chart form in Fig. 1009. 

Coaxial or concentric line: 

Z = 138 log — (6) 
a 

where Z again is the surge impedance. In this 
case, b is the inside diameter (not radius) of 
the outer conductor and a is the outside diam-
eter of the inner conductor. The formula is true 
for having air as the dielectric, and approxi-
mately so for a line having ceramic insulators 
so spaced that the major proportion of the in-
sulation is air. 
The surge impedance for typical concentric 

lines using various sizes of conductors is given 
in Fig. 1010. 
When a solid insulating material is used be-

tween the conductors, because of the increase 
in line capacity the impedance decreases by 
the factor //‘/K, where K is the dielectric 
constant of the insulating material. 
The impedance of a single-wire transmission 

line varies with the size of the conductor, its 
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height above ground, and its orientation with 
respect to ground. An average figure is about 
500 ohms. 

Electrical length — The electrical length 
of a line is not exactly the same as its physical 
length, for reasons corresponding to those 
causing end effect in antennas (§ 10-2). Spac-
ers used to separate the conductors have dielec-
tric constants larger than that of air, so that 
the waves do not travel quite as fast along a 
line as they would in air. The lengths of electri-
cal quarter waves of various types of lines can 
be calculated from the formula: 

246 X V  
Length (feet) - 

Freq. (Mc.) 

where V depends upon the type of line. For 
lines of ordinary construction, V is as follows: 

Parallel-wire line V = 0.975 
Parallel-tubing line V = 0.95 
Concentric line (air-insulated) V = 0.85 
Concentric line (rubber-insu-

lated) V = 0.56-0.65 
Twisted pair 

Input and output ends — The input end 
of a line is that connected to the source of 
power; the output end is that connected to the 
power-absorbing device. When a line connects 
a transmitter to an antenna, the input end is 
at the transmitter and the output end at the 
antenna; with the same line and antenna con-
nected to a receiver, however, the energy flows 
from the antenna to the receiver, hence the 
input end of the line is at the antenna and the 
output end at the receiver. 
Standing-wave ratio— The lengths of 

transmission lines used at radio frequencies 
are of the same order as the operating wave-
lengths, and therefore standing waves of cur-
rent and voltage may appear on the line 
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Fig. 1010 — The characteristic impedances of typical 
concentric lines. Tubing sizes are outside diameters. 

WIRE 
SIZE 

TUBING 
DIR. 

(7) 



184 THE RADIO AMATEUR'S HANDBOOK 

(§ 2-12). The ratio of current (or voltage) at 
a loop to the value at a node (standing-wave 
ratio) depends upon the ratio of the resistance 
of the load connected to the output end of the 
line (its termination) to the characteristic im-
pedance of the line itself. That is, 

Z, 2, 
Standing-wave ratio = — or — (8) 

Z Z, 

where Z. is the characteristic impedance of the 
line and Z. is the terminating resistance. Z. is 
generally called an impedance, although it 
must be non-reactive and therefore must cor-
respond to a pure resistance for the line to 
operate as described. This means that, when 
the load or termination is an antenna, it must 
be resonant at the operating frequency. 
The formula is given in two ways because it 

is customary to put the larger number in the 
numerator, so that the ratio will not be frac-
tional. As an example, a 600-ohm line termi-
nated in a resistance of 70 ohms will have a 
standing wave ratio of 600/70, or 8.57. The 
ratio on a 70-ohm line terminated in a resist-
ance of 600 ohms would be the same. This 
means that, if the current as measured at a 
node is 0.1 ampere, the current 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 appear. 
The standing wave ratio therefore is 1. The 
input end of such a line appears as a pure re-
sistance of a value equal to the characteristic 
impedance of the line. 
Reactance, resistance, impedance— The 

input end of a line may show reactance as well 
as resistance, and the values of these quantities 
will depend upon the nature of the load at the 
output end, the electrical length of the line, 
and the line characteristic impedance. The 
reactance and resistance are important in 
determining the method of coupling to the 
source of power. Assuming that the load at the 
output end of the line is purely resistive, which 
is essentially the case since the load circuit is 
usually tuned to resonance, a line less than a 
quarter wavelength long electrically will show 
inductive reactance at its input terminals when 
the output termination is less than the charac-
teristic impedance, and capacitive 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. With still 
longer lengths, the reactance characteristics 
reverse in each succeeding quarter wavelength. 
The input impedance is purely resistive if the 
line is an exact multiple of a quarter wave in 
length. The reactance at intermediate lengths 
is higher the greater the standing-wave ratio, 
being zero for a ratio of L 
Impedance transformation— Regardless 

of the standing-wave ratio, the input imped-

ance 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. 
Such a line can be 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 

Zi = - 

Zi 

where Z. is the characteristic impedance of the 
line and Z. the impedance connected to the out-
put end. A quarter-wave line can, therefore, 
be used as an impedance transformer, and by 
suitable selection of constants a wide range 
of input impedance values can be obtained. 
Furthermore, the impedance measured be-
tween the two conductors anywhere along the 
line will vary between the two end values, so 
that any intermediate impedance value can 
be selected. This is a particularly useful prop-
erty, since a quarter-wave line can be short-
circuited at one end (§ 2-12) and used as a 
linear transformer with an adjustable imped-
ance ratio. 
Losses— Air-insulated lines operate at 

quite high efficiency. Parallel-conductor lines 
average 0.12 to 0.15 db. (§ 3-3) loss per wave-
length of line. These figures hold only if the 
standing-wave ratio is 1. The losses increase 
with the standing-wave ratio, rather slowly up 
to a ratio of 15 to 1, but rapidly thereafter. For 
standing-wave ratios of 10 or 15 to 1, the in-
crease is inconsequential provided the line is 
well balanced. 

Concentric lines with air insulation are 
excellent when dry, but losses increase if there 
is moisture in the line. Provision should be 
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 

twisted pair and coaxial, average about 1 db. 
loss per wavelength of line. At the higher 
frequencies, therefore, such lines should be 
used only in short lengths if losses are impor-
tant. These lines have the advantages of com-
pactness, ease of installation, and flexibility. 
Ordinary lamp cord has a loss of approximately 
1.4 db. per wavelength when it is dry, but its 
losses become excessive when wet. The parallel 
moulded-rubber type is best from the stand-
point of withstanding wet weather. The char-
acteristic 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 1 db. per wavelength will have an actual loss 
of 3 db. if the line is three wavelengths long. In 
the case of line losses, the length is not ex-
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pressed in ternis of electrical length but in 
physical length; that is, a wavelength of line, 
in feet, is equal to 984/frequency (Mc.) for 
computing loss. This permits a direct compari-
son of lines having the same physical length. 
The electrical lengths, of course, may differ 
considerably. 
Resonant and non-resonant lines — Lines 

are classified as resonant or non-resonant, de-
pending upon the standing-wave ratio. If the 
ratio is near 1, the line is said to be non-
resonant. Reactive effects will be small, and 
consequently no special tuning provisions need 
be made for canceling them (§ 2-10) even 
when the line length is not an exact multiple 
of a quarter wavelength. If the standing-wave 
ratio is fairly large, the input reactance must 
be canceled or "tuned out" unless the line is 
a multiple of a quarter wavelength, and the 
line is said to be resonant. 

(1. 10-6 Coupling to Transmission Lines 

Requirements —The coupling system be-
tween a transmitter and the input end of a 
transmission line must provide means for 
adjusting the load on the transmitter to the 
proper value (impedance matching), and for 
tuning out any reactive component that may 
be present (2-9, 2-10, 2-11). The resistance and 
reactance considered are those present at the 
input end of the line, and hence have nothing 
to do with the antenna itself except insofar as 
the antenna load may affect the operation of 
the line (§ 10-5). 
Unmated coil — One of the simplest sys-

tems, shown in Fig. 1011-A, uses a coil of a 
few turns tightly coupled to the plate tank 
coil. Since no provision is made for tuning, 
this system is suitable only for non-resonant 
lines which 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 coil, as it is 
frequently called, or by changing the number 
of turns on the pick-up coil. A slight amount 
of reactance is coupled into the tank circuit by 
the pick-up coil, since the flux leakage (§ 2-11) 
is high, so that some slight retuning of the 
plate 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-B, where the 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 
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 
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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 el, 
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 C1 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, 
as well. In such cases, the proper output load-
ing often can be obtained by varying the L IC 
ratio of the filter over a considerably wider 
range than is necessary for normal loads. 

• 
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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 CI 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 
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Trc!ans ¿me 
 o 
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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 Li and 1.2 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. 
The r.f. ammeters should indicate maximum 
feeder current at the resonance setting; these 
meters are not strictly necessary, but are useful 
in indicating the relative power output. 
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o 
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Fig. 1011—Methods of coupling the transmitter output to the transmission line. Application, circuit values 
and adjustment are discussed in the text. The coupling condensers, C, are fixed blocking condensers used to 
isolate the transmitter plate voltage from the antenna. Their capacity is not critical, 500 add. to 0.002 odd. 
being satisfactory values, but their voltage rating should at least equal the plate voltage on the final stage. 
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Parallel tuning — When the Bile 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 across 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. 
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, with 
proper construction, there will be somewhat 
less harmonic transfer to the antenna, since 
stray capacity coupling is lessened with the 
smaller link 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 practice. 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 

and parallel tuning, as shown in Figs. 10114 
and J. The coupling between one link and its 
associated coil may be made variable, to give 

the same effect as changing the coupling be-
tween the plate tank and antenna coils in the 
ordinary system. The tuning procedure is the 
same as described above for series and parallel 
tuning. In the case of single-ended tank cir-
cuits 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. 1011-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 1.75 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 mpfd. 
at the lower frequencies; the same values will 
serve even at 28 Mc., although 100 »dd. will 
be ample for this and the 14-Mc. band. Still 
smaller condensers can be used at very-high 
frequencies. Since series tuning is used at a low-
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 
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 circuits (F, G, H, J) the 
antenna coil and condenser should be approxi-
mately the same as those used in the final tank 
circuit. The antenna tank circuit must be capa-
ble of being tuned independently to the trans-
mitting frequency, and, if possible, provision 
should be made for tapping the coil, so that the 
L/C ratio can be varied to the optimum value 
(§ 2-11) as determined experimentally. 
In Fig. 1011-D, C1 and C2 may be 100 to 250 

add. each, the higher-capacity values being 
used for lower-frequency operation (3.5 and 
1.75 Mc.). Plate spacing should be, in general, 
at least half that of the final-amplifier tank 
condenser. For operation from 1.75 to 14 Mc., 
L1 and L2 each may consist of 15 turns, 2 
inches in diameter, spaced to occupy 3 inches 
length, and tapped every three turns. Ap-
proximate settings are 15 turns for 1.75 Mc., 9 
turns for 3.5 Mc., 6 turns for 7 Mc., and 3 turns 
for 14 Mc. The coils may be wound with No. 14 
or No. 12 wire. This method of coupling is very 
seldom used at very-high frequencies. 
Harmonic reduction — It is important to 

prevent, insofar as possible, harmonics in the 
output of the transmitter from being trans-
ferred to the antenna system. Untuned (Fig. 
1011-A) and directly coupled (Figs. 1011-B) 
systems do not discriminate against harmonics, 
and hence are more likely to cause harmonic 
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radiation than the inductively coupled tuned 
systems. Low-pass filter arrangements, such as 
those at C and D, Fig. 1011, do discriminate 
against harmonics, but the direct coupling 
frequently is a source of trouble in this respect. 

In inductively coupled systems, care must 
be taken to prevent capacity coupling between 
coils. Link coils always should be coupled at a 
point of ground potential (§ 2-13) on the plate 
tank coil, as also should series- and parallel-
tuned coils (E and F), when possible. Capacity 
coupling can be practically eliminated by the 
use of a Faraday shield (§ 4-9) between the 
plate tank and antenna coils. 

"reur 
Fig. 1012 —Half -wave antennas fed from resonant lines. 
A and B are end-feed systems for use with quarter- and 
half-wave lines; C and D are center-feed systems. The 
current distribution is shown for all four cases, arrows 
indicating the instantaneous direction of current flow. 

41 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 will operate, the resonant line is widely 
used with simple antenna systems. Construc-
tionally, the spaced or "open" two-wire line is 
best suited to resonant operation; rubber-insu-
lated lines, such as twisted pair, have excessive 
losses when operated with standing waves. 
Connection to antenna — A resonant line 

is usually — in fact, practically always — con-
nected to the antenna at either a current or 
voltage loop. This is advantageous, 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 the input end of the line. 
Half-wave antenna with resonant line — 

It is often helpful to look upon the resonant 
line simply as an antenna folded back on itself. 
Such a line may be any whole-number multiple 
of a quarter wave in length; in other words, 

any total wire length which will accommodate 
a whole number of standing waves. (The 
"length" of a two-wire line is, however, always 
taken as the length of one of the wires.) 

Quarter- and half-wave resonant lines feed-
ing half-wave antennas are shown in Fig. 1012. 
The current distribution on both antenna and 
line is indicated. It will be noted that the 
quarter-wave line has maximum current at one 
end and minimum current at the other, de-
termined by the point of connection to the 
antenna. The half-wave line, however, has the 
same current (and voltage) values at both 
ends. 

If a quarter-wave line is connected to the end 
of an antenna, as shown in Fig. 1012-A, then 
at the transmitter end of the line the current 
is high and the voltage low (low impedance), 
so that series tuning (§ 10-6) can be used. 
Should the line be a half-wave long, as at 
1012-B, current will be minimum and voltage 
maximum (high impedance) at the transmitter 
end of the line, just as it is at the end of the 
antenna. Parallel tuning therefore is required 
(§ 10-6). The line could be coupled to a bal-
anced final tank through small condensers, 
as in Fig. 1011-B, but the inductively coupled 
circuit is preferable. An end-fed antenna with 
resonant feeders, as in 1011-A and B, is known 
as the " Zeppelin" or " Zepp" antenna. 
The line also may be 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-C and D. In C, the an-
tenna end of the line is at a high-current low-
voltage point (§ 10-2); hence, at the transmit-
ter end the current is low and the voltage high. 
Parallel tuning therefore is used. The half-
wave line at D has high current and low volt-
age at both ends, so that series tuning is used 
at the transmitter end. 
The four arrangements shown in Fig. 1012 

are thoroughly useful antenna systems, and are 
shown in more practical form in Fig. 1013. In 
each case the antenna is a half wavelength 
long, the exact length being calculated from 
Equations 2, 3 or 4 (§ 10-2) or taken from the 
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 lengths that are integral mul-
tiples of a quarter wavelength. Intermediate 
lengths will give intermediate impedance val-
ues and will show reactance (§ 10-5) as well. 
The tuning apparatus is capable of compensat-
ing for reactance, but it may be difficult to get 
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suitable transmitter loading because simple 
series and parallel tuning are suitable for only 
low and high impedances, respectively, and 
neither will perform well with impedances of 
the order of a few hundred ohms. 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 cases — without undue difficulty in 
tuning and coupling. In such cases the type of 
tuning to use, whether series or parallel, will 
depend on whether the feeder length is nearer 
an odd number of quarter waves or nearer an 
even number, as well as on the point at which 
the feeder is connected to the antenna. 

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-
portance. 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 
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tuning purposes. Many amateurs, in fact, use 
flashlight or dial lamps for this purpose, in-
stead of meters. They are inexpensive, and, 
when shunted by short lengths of wire so that 
considerable current can be passed without 
burn-out, will serve very well even with high-
power transmitters. 
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. Such inaccuracies may influence 
the behavior of the feeder system, however, 
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 
quarter-wave feeder when the antenna length 
is correct. At the junction of the "live" feeder 
and the antenna the current is minimum, so 
that the currents in the two feeder wires are 
equal at all corresponding points along their 
length. When the antenna is too long, as in B, 
the current 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 
feeder currents are not balanced, and some 
power will be radiated from the line. In C, 
the antenna is too short, bringing the current 

XMTR 
TANK 

XMTR 

TANK 
2 

Fig. 1013 — Practical half-wave antenna systems using resonant-line feed. In the center-feed systems, the antenna 
length, X, does not include the length of the insulator at the center. Line length is measured from the antenna 
to the tuning apparatus; leads in the latter 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, one meter is sufficient to en-
able tuning for maximum output, and may be transferred from one feeder to the other, if desired. The systems at 
(A) and (C) are for feeders an odd number of quarter waves in length; (B) and (D) are for feeders a multiple of a 
half wavelength. The drawings eorrespongl electrically to the hall-wave antenna systems shown in Fig. 1012. 
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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 out, incorrect antenna length does not unbalance the transmission line, as it does with end feed. 

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. 

10-8 Non-Resonant Lines 

Requirements — The advantages of non-
resonant transmission lines — minimum losses, 
and elimination of the necessity for tuning — 
make this type of operation attractive. The 
chief disadvantage of the non-resonant 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, this means that the antenna is 
unsuitable for work on more than one amateur 
band. 
Adjustment of a non-resonant 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. 

In the following discussion of ways in which 
different types of lines may be matched to the 
antenna, a half-wave antenna is used as an ex-
ample. Other types of antennas may be 
treated by the same methods, making due 
allowance for the order of impedance that ap-
pears at the end of the line when more elabo-
rate systems are used. 

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 
can be obtained from Fig. 1016 for an antenna 
system having a fundamental frequency 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 caw-,e faulty operation. There 

Fig. 1015 —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 single-
wirefeeder (upperseale) measured from center of antenna. 

should be no sharp bends in the feeder wire 
at any point. 
With the coupling system shown in Fig. 

1017-A, the process of adjustment is as follows: 
Starting at the ground end of 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 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 eilafd. will be satisfactory. The con-
denser is unnecessary, of course, if parallel 
plate feed is used. 

A 

Fig. 1017 — Methods of coupling the feeder to the 
transmitter in a single-wire-feed system. Circuits are 
shown for both single-ended and balanced tank circuits. 

Inductive coupling to the output circuit is 
shown in Fig. 1017-B. The antenna tank circuit 
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 type of coupling, a good 
ground connection is essential with this system. 
Single-wire feed works best over moist ground, 
and poorly over rock and sand. 

Twisted-pair feed — A two-wire line com-
posed of twisted rubber-covered wires can be 
constructed to have a surge impedance approx-
imately equal to the 70-ohm impedance at the 
center of the antenna itself, thus permitting 
connecting the line to the antenna as shown in 
Fig. 1018. Any discrepancy which may exist 
between line and antenna impedance can be 
compensated for by a slight fanning of the line 
where it connects to the two halves of the 
antenna, as shown at B in Fig. 1018. 
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The twisted-pair line is a convenient type to 
use, since it is easy to install and the r.f. voltage 
on it is low because of the low impedance. This 
makes the quality of insulation a matter of less 
importance. Special twisted line for transmit-

Fig. 1018 — Half-wave antenna center-fed by a twisted. 
pair line. Fanning (B) compensates for line impedance. 

ting purposes, having lower losses than ordi-
nary 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" (dimension 
B) will depend upon the kind of cable used; the 
required spacing usually will be between 6 
and 18 inches. It may be checked by inserting 
ammeters in each antenna leg at the junction 
of the feeder and antenna; the value of B 
which gives the largest current is correct. 
Alternatively, the system may be opérated 
continuously for a time with fairly high r.f. 
power input, after which the feeder may be 
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 
should be equal in length to dimension B. 

Coupling between transmitter and trans-
mission line is ordinarily by the untuned coil 
method shown in Fig. 1011-A (§ 10-6). 
Concentric-linefeed— A concentric trans-

mission line can be constructed to have a surge 
impedance exactly equal to the 70-ohm im-
pedance at the center of a half-wave antenna. 

Outer Tub,, 

Opt/ono/ground 
to outer Conductor 

Inner wire 
or liibm9 

Concentric Line 
(Any Len9th) 

To 
Coop/in9 

Fig. 1019 — Half-wave antenna center-fed by a concen-
tric transmission line of 70 ohms surge impedance. 

Such a line can be connected directly to the 
center of the antenna, therefore, forming the 
system shown in Fig. 1019. 

Solving Equation 6 (§ 10-5) for an air-insu-
lated concentric line shows that, to obtain a 
70-ohm surge impedance, the inside diameter 

of the outer conductor should be approximately 
3.2 times the outside diameter of the inner 
conductor. This condition can be fulfilled by 
using standard (6-inch (outside diameter) 
copper tubing for the outer conductor and 
No. 14 wire for the inner. Ceramic insulating 
spacers are available commercially for this 
combination. Rubber-insulated concentric line 
having the requisite impedance for connection 
to the center of the antenna also is available. 
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 capac-
ity to ground. There should be no radiation 
from a line having a correct surge impedance, 
however. 

Delta matching transformer — Because of 
the extremely close spacing required, it is 
impracticable to construct an open-wire 
transmission line which will have a surge 

Fig. 1020 —Delta-matched antenna system. The di-
mensions C, D, and E are found by formulas given in 
the text. It is important that the matching section, E, 
come straight away from the antenna without any bends. 

impedance low enough to work directly into 
the center of a half-wave antenna. Such wire 
lines usually have impedances between 400 
and 700 ohms, 600 ohms being a widely used 
value. It is necessary, therefore, to use other 
means for matching the line to the antenna. 
One method of matching is illustrated by the 

system shown in Fig. 1020. The matching sec-
tion, 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. 
The 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. 
The length of the antenna is figured from 

the formula (§ 10-2) or taken from Fig. 1016. 
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The length of section C is computed by the 

formula: 

C (feet)  148  
Freq. (Mc.) 

The feeder clearance, E, is found from the 
equation: 

E (feet) — 
Freq. (Mc.) 

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 trans-
mission line is computed to a sufficiently close 
approximation by the following formula: 

D = 75 X d 

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 be in 
millimeters. 
Methods of coupling to the transmitter are 

discussed in § 10-6, those shown in Figs. 1011-
C, D, G and H being suitable. 
"Q"-section transformer — The imped-

ance of a two-wire line of ordinary construction 
(400 to 600 ohms) can be matched 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 im-
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. 

128 

Fig. 1021 —The "Q" antenna, using a quarter-wave im-
pedance-matching section with close-spaced conductors. 

The required surge impedance for the match-
ing section is 

• Z. = VZ1 Z2 (9) 

where 21 is the input impedance and Z2 the 
output impedance. Thus a quarter-wave sec-
tion matching a 600-ohm line to the center of a 

half-wave antenna (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 

Speadenr 

1/ni.neaebne 
any /enyth 

.5borbny hnk 

Fig. 1022 — Half -wave antenna systems with quarter-
wave open-wire linear impedance-matching transformers. 

given in graphical form in Fig. 1009. With 
3'2-inch tubing, the spacing should be 1.5 
inches for an impedance of 208 ohms. 
The length of the matching section, B, 

should be equal to a quarter wavelength, and 
is given by 

Length of quarter- _  234  
wave line (feet) Freq. (Mc.) 

The length of the antenna can be calculated 
from the formula (§ 10-2), or taken from the 
charts of Fig. 1015. 

This system has the advantage of the sim-
plicity of adjustment of the twisted-pair feeder 
system and at the same time the superior 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 
two methods of coupling a non-resonant line 
to a half-wave antenna through a quarter-
wave linear transformer (§ 10-5) or matching 
section. In the case of the center-fed antenna, 
the free end of the matching section, B, is 
open (high impedance), since the other end is 
connected to a low-impedance 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). • 

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. The matching 
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section in the end-fed system can be 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 obtained by exciting the 
antenna at the proper frequency from a 
temporary antenna near by and measuring 
the current in the shorting bar by a low-range 
r.f. ammeter or galvanometer. The position 
of the bar should be adjusted for maximum 
current reading. This should be done before 
the transmission line is attached to the match-
ing section. 
The position of the line taps must be deter-

mined experimentally, since it will depend 
upon the impedance of the line as well as on the 
antenna impedance at the point of connection. 
The procedure is to take a trial point, apply 
power to the transmitter, and check the trans-
mission line for standing waves. This can be 
done by measuring the current in the wires, 
using a device of the type pictured in Fig. 
1023. The hooks (which should be sharp enough 
to cut through the insulation, if any, on the 
wires) are placed on one of the wires, the spac-
ing between them being adjusted to give a 
suitable reading on the meter. At any one posi-
tion 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. 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 
the slight lengthening or shortening of the 
stub is necessary to tune out this reactance. 
The required readjustment will be quite small, 
however. 
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 

40)i/stable 
/4 to., 
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Heavy stiff wire 
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_rapport wires 

Thermo-rmillarnmeter 
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Fig. 1023 — Line-current measuring device for checking 
standing waves in adjusting untuned transmission linee. 
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Fig. 1024 — Standing-wave current and voltage distri-
bution along an antenna when it is operated at vari-
ous harmonics of its fundamental resonant frequency. 

(§ 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 
is extended to a half wavelength, bringing a 
current loop at the free end. 
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. 

C 10-9 Long-Wire Antennas 

Definition — An antenna will be resonant 
so long as an integral number of standing 
waves of current and voltage cap 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 harmonic antenna. 
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Current and voltage distribution—Fig. 

1024 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 Mc., 
the current and voltage distribution will be 
as shown at A. The same antenna excited at 
14 Me. would have current and voltage dis-
tribution as shown at B. At 21 Mc., the third 
harmonic of 7 Mc., the current and voltage 
distribution would be as in C; and at 28 Mc., 
the fourth harmonic, as in D. The number of 
the harmonic is the number of half waves con-
tained in the antenna at the particular operat-
ing frequency. 
The polarity of current or voltage in each 

standing wave is opposite to that in the ad-
jacent standing waves. This is shown in the 
figure by drawing the current and voltage 
curves successively above and below the an-
tenna (taken as a zero reference line), to indi-
cate that the polarity reverses when the 
current or voltage goes through zero. Currents 
flowing in the same direction are in phase; 
in opposite directions, out of phase. 

It is evident that one antenna may be used 
for harmonically related frequencies, such as 
the various amateur bands. The long-wire or 
harmonic antenna is the basis of 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 other parts of the wire these 
effects are absent and the wire length is ap-
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Fig. 1025 — Curve A shows variation in radiation re-
sistance with antenna length. Curve B shows power in 
lobes of maximum radiation for long-wire antennas as a 
ratio to the maximum radiation for a half-wave antenna. 

proximately that of an equivalent portion of 
the wave in space. The formula for the length 
of a long-wire antenna, therefore, is 

Length (feet) = 492  (N-0.05) (10) 
Freq. (Mc.) 

where N is the number of half waves on the 
antenna. From this, 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 the second harmonic) 
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 exact fundamental resonance on the 
second harmonic (full wave) 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 possible unbalance 
in the feeder system (§ 10-7), which may result 
in some radiation from the feeder in end-fed 
systems. 
Impedance and power 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. 1025 shows how the radiation resistance 
and the power in the lobe of maximum radia-
tion vary with the antenna length. 

Directional characteristics — As the wire 
is made longer in terms of the number of half 
wavelengths, the directional effects change. 
Instead of the "doughnut" pattern of the 
half-wave antenna, the directional character-
istic splits up into "lobes" which make vari-
ous angles with the wire. In general, as the 
length of the wire is increased the direction in 
which maximum radiation occurs tends to ap-
proach the line of the antenna itself. 

Directional characteristics for antennas one 
wavelength, three half-wavelengths, and two 
wavelengths long are given in Figs. 1026, 1027 
and 1028, for three vertical angles of radiation. 
Note that, as the wire length increases, the 
radiation along the line of the antenna becomes 
more pronounced. Still longer antennas can 
be considered to be practically "end-on" 
radiators, even at the lower 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 shown in Fig. 
1029 and Fig. 1024. 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 section could be re-
versed, then the currents in the feeders neces-
sarily would have to be in phase and the feeder 
radiation would not be canceled out. 
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Fig. 1026 — Horizontal patterns of radiation from a 
full-wave antenna. The solid line shom s the pattern for a 
vertical angle of 15 degrees; dotted lines show deviation 
from the 15-degree pattern at 9 and 30 degrees. All three 
patterns are drawn to the same relative scale; actual am-
plitudes will depend upon the height of the antenna. 

Either resonant or non-resonant feeders may 
be used. With 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" 
type section, Fig. 1021, may be employed. 
In such case, Fig. 1030 gives the required surge 
impedance for the matching section. It can 
also be calculated from Equation 9 (§ 10-8) 
and the radiation resistance data in Fig. 1025. 

Methods of coupling the line to the trans-
mitter are the same as described in § 10-6 for 
the particular type of line used. 

Fig. 1027—Horizontal pasterns of radiation from an 
antenna three half-waves ong. The solid line shows 
the pattern for a vertical angle of 15 degrees; dotted 
lines show deviation from the 15-degree pattern at 9 and 
30 degrees. Minor lobes coincide for all three angles. 

41 10-10 Multi-Band Antennas 

Principles — As suggested in the preceding 
section, the same antenna may be used for 
several bands by operating it on harmonics. 
When this is done it is necessary to use 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 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. 

Also, the current loops shift to a new posi-
tion on the antenna when it is operated on 

Fig. 1028—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. 

harmonics, further complicating the feed situa-
tion. It is for this reason that half-wave an-
tennas center-fed by rubber-insulated lines are 
practically useless for harmonic operation; on 
all even harmonics there is a voltage maximum 
at the feed point, and the impedance mismatch 
is so bad that there is a large standing-wave 
ratio and consequently high losses in the 
rubber dielectric. 
When the same antenna is used for work in 

several bands, it must be realized that the 
directional characteristic will depend on the 
band in use. 

Simple systems — Any of the antenna 
arrangements shown in § 10-7 may be used for 
multi-band operation by making the antenna a 
half wave long at the lowest frequency to be 
used. The feeders should be a quarter wave, or 
some multiple of a quarter wave, long at the 



Antenna Systems 197 

TABLE I 

MULTI-BAND RESONANT-LINE-FED ANTENNAS 

Antenna 
Length (ft.) 

Feeder 
Length 
(Jo 

Band Type of Tuning 

With end feed: 
243 120 1.75-Mc. 'phone 

4-Mc. 'phone 
14 Mc. 
28 Mc. 

series 
parallel 
parallel 
parallel 

136 67 3.5-Mc. c.w. 
7 Mc. 

14 Mc. 
28 Mc. 

series 
parallel 
parallel 
parallel 

134 67 3.5-Mc. c.w. 
7 Mc. 

series 
parallel 

67 33 7 Mc. 
14 Mc. 
28 Mc. 

series 
parallel 
parallel 

With center feed: 
272 135 1.75 Mc. 

3.5 Mc. 
7 Mc. 

14 Mc. 
28 Mc. 

parallel 
parallel 
parallel 
parallel 
parallel 

137 67 3.5 Mc. 
7 Mc. 

14 Mc. 
28 Mc. 

parallel 
parallel 
parallel 
parallel 

67.5 34 7 Mc. 
14 Mc. 
28 Mc. 

parallel 
parallel 
parallel 

The antenna lengths given represent compromises 
for harmonic operation because of different end 
effects on different bands. The 136-foot end-fed 
antenna is slightly long for 3.5 Mc., but will work 
well in the region which quadruples into the 14-Mc. 
band (3500-3600 kc.). Bands not listed are not 
recommended for the particular antenna. The cen-
ter-fed systems are less critical as to length; the 
272-foot antenna, for instance, may be used for both 
c.w. and 'phone on either 1.75 or 4 Mc. without loss 
of efficiency. 
On harmonics, the end-fed and center-fed anten-

nas will not have the same directional characteris-
tics, as explained in the text. 

same frequency. Typical examples, 
together with the type of tuning to be 
used, are given in Table I. The figures 
given represent a compromise de-
signed to give satisfactory operation 
on all the bands considered, taking into 
account 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 har-
monics, 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 of a full-wave 
antenna even though the over-all 
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Fig. 1029 — Current distribution and feed points for 
long-wire antennas. A 3/2-wave antenna is used as an 
illustration. With two-wire feed, the line may be con-
nected at the end of the antenna or at any current loop 
(but not at a current node) for harmonic operation. 

length is the same. On the fourth harmonic 
each section is a full wave long, and, again be-
cause of the direction of current flow, the sys-
tem will not operate as a two-wavelength an-
tenna. It should not be assumed that these 
systems are not effective 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 resemble the charac-
teristic of one side of the antenna, although not 
necessarily having the same exact form. 

Antennas with a few other types of feed sys-
tems may be operated on harmonics for the 
higher-frequency bands, although their per-
formance is somewhat impaired. The single-
wire-fed antenna (§ 10-8) may be used in 
this way; the feeder and antenna will not be 
matched exactly on harmonics, 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 connec-
tion of the feeder to the antenna is made ex-
actly one-third the antenna length from one 

Fig. 1030 — Required surge impedance of quarter-wave 
matching sections for radiators of various lengths. 
Curve A is for a transmission-line impedance of 440 ohms, 
Curve B is for 470 ohms, Curve C for 580 ohms and 
Curve D for 600 ohms. Dimensions for matching sections 
of the required impedance are obtained from Fig. 1009. 

2 3 4 5 6 
ANTENNA LENGTH, IN WAVELENGTHS 
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end. While this disagrees slightly with the 
figures given for a half-wave antenna, it has 
been found to work better on the harmonic 
frequencies. The "Q" antenna (§ 10-8) also can 
be operated on harmonics, but the line cannot 

.a. 
Tuned to some 
bewency as 1,0,75mdier 

d 

For operation on 
3 5, 7, 1•1 and 
28 "77C 

For operation 
on l 75 n7C 

Fig. 1031 — A simple antenna system for five ama-
teur bands. The antenna is voltage fed on 3.5, 7, 14 and 
28 Mc., working on the fundamental, second, fourth and 
eighth harmonics, respectively. For 1.75 Mc. the system 
is a quarter-wave grounded antenna, in which case 
series tuning must be used. The antenna wire should be 
kept well in the clear and should be as high as possible. 
• If the length of the antenna is increased to approximate-
ly 260 feet, voltage feed can be used on all five bands. 

operate as a non-resonant line except at the 
fundamental frequency of the antenna. For 
harmonic operation the line must be tuned, and 
therefore the feeder length is important. The 
tuning system will depend upon the number of 
quarter waves on the line, including the "Q" 
bars. The concentric-line-fed antenna (§ 10-8) 
may be used on harmonics, if the concentric 
line is air-insulated. Its operation on harmonics 
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 some standing waves 
will appear on the line. Any system can 
be used on harmonic frequencies 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) 

(C) 

A simple antenna system, without feeders, 
for operation on five bands is shown in Fig. 
1031. 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 eases are shown in Fig. 1032, one for 
an antenna having a length of one quarter 
wave (A) and the other for an antenna some-
what longer (C) but 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 half wave. It is suffi-
ciently accurate to use Equation 2 (§ 10-2) 
in calculating this length. Note 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 

(D) 

Fig. 1032 — Current distribution on short 
antennas. Those at the left are too short 
for fundamental operation, one (A) hav-
ing 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 wavelength at the fundamental 
frequency. In B and D, the over-all 
length is a full wave. Arrows show the 
instantaneous direction of current flow. 
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Tuning 
Apparatus 

Fig. 1033 —Practical arrangement of a shortened an. 
tenna. The total length, A -I- B B -I- A. should be a 
half wavelength for the lowest-frequency band, usually 
3.5. Mc. See Table II for lengths and tuning data. 

at A is a half-wave antenna on the next higher-
frequency band (B). 
A practical antenna of this type can be made 

as shown in Fig. 1033. Table II gives a few 
recommended lengths. Remembering the pre-
ceding discussion, however, the antenna can 
be made any convenient length, provided the 
feeder is considered to " begin" at X-X and the 
line length is adjusted accordingly. 
Bent antennas— Since the field strength at 

a distance is proportional to the current in the 
antenna, the high-current part of a half-wave 
antenna (the center quarter wave, approxi-
mately) does most of the radiating (§ 10-1). 
Advantage can be taken of this fact when the 
space available does not permit erecting an 

- 

TABLE II 

ANTENNA AND FEEDER LENGTHS FOR SHORT 
MULTI-BAND ANTENNAS, CENTER FED 

Antenna 
length (ft.) 

Feeder 
leng,th 
(fi.) 

Band Type of tuning 

137 68 1.75 M c. 
3.5 Mc. 
7 Mc. 

14 Mc. 
28 Mc. 

series 
parallel 
parallel 
parallel 
parallel 

parallel 
aeries 
series 
series or 
parallel 

100 38 3.5 Mc. 
7 Mc. 
14 Mc. 
28 Mc. 

67.5 34 3.5 Mc. 
7 Mc. 
14 Mc. 
28 Mc. 

series 
parallel 
parallel 
parallel 

50 43 7 Mc. 
14 Mc. 
28 Mc. 

parallel 
parallel 
parallel 

33 51 7 Mc. 
14 Mc. 
28 Mc. 

parallel 
parallel 
parallel 

parallel 
series 
parallel 

33 31 7 Mc. 
14 Mc. 
28 Mc. 

antenna a half-wave long. In this case 
the ends may be bent, either horizon-

tally or vertically, so that the total length equals 
a half wave, even though the straightaway 
horizontal length may be as short as a quarter 
wave. The operation is illustrated in Fig. 1034. 
Such an antenna will be a somewhat better 
radiator than the arrangement of Fig. 1032-A 
on the lowest frequency, but is not as desirable 
for multi-band operation because the ends play 
an increasingly important part as the fre-
quency is raised. The performance of the 
system in such a case is difficult to predict, 
especially if the ends are vertical (the most 
convenient arrangement), because of the com-
bination of horizontal and vertical polarization 
as well as dissimilar directional characteristics. 

11 
Fig. 1034—Folded arrangement for shortened anten-
nas. The total length is a half wave, not including the 
feeders. The horizontal part is macle as long as con-
venient and the ends dropped down to make up the 
required length. The ends may be bent back on them-
selves like feeders to cancel radiation partially. The hori-
zontal section should be at least a quarter-wave long. 

41. 10-11 Long-Wire Directive Arrays 

The "V" antenna —It has been empha-
sized that, as the antenna length is increased, 
the lobe of maximum radiation makes a more 
acute angle with the wire (§ 10-9). Two such 
wires may be combined in the form of a hori-
zontal "V" so that the main lobes from each 
wire will reinforce along a line bisecting the 
angle between the wires. This increases both 
gain and directivity, since the lobes in direc-
tions other than along the bisector cancel to a 
greater or lesser extent. The horizontal "V" 
antenna therefore transmits best in either di-
rection (is bi-directional) along a line bisect-
ing the "V" made by the two wires. The power 
gain depends upon the length of the wires. 
Provided the necessary space is available, 
the "V" is a simple antenna to build and 
operate. It can also be used on harmonics, 
so that it is suitable for multi-band work. 
• The "V" antenna is shown in Fig. 1035. 

.eammission fine A Ware Direction 

AB CD 

Fig. 1035 —The "V" antenna, made by combining 
two long wires in such 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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Fig. 1036 shows the dimensions 
that should be followed for an opti-
mum design to obtain maximum 
power gain for different-sized "V" 
antennas. The longer systems give 
good performance in multi-band op-
eration. Angle a is approximately 
equal to twice the angle of maximum 
radiation for a single wire equal in 
length to one side of the "V." 
The wave angle referred to in Fig. 

1036 is the vertical angle of maximum 
radiation (§ 10-1). Tilting the whole 
horizontal plane of the " V " will tend 
to increase the low-angle radiation 
off the low end and decrease it off the 
high end. 
The gain increases with the length 

of the wires, but is not exactly twice 
the gain for a single long wire as given 
in Fig. 1025. In the longer lengths the gain will 
be somewhat increased, because of mutual 
coupling between the wires. A "V" eight 
wavelengths on a leg, for instance, will have a 
gain of about 12 db. over a half-wave antenna, 
whereas twice the gain of a single 8-wavelength 
wire would be only approximately 9 db. 
The two wires of the "V" must be fed out of 

phase, for correct operation. A resonant line 
may simply be attached to the ends, as shown 
in Fig. 1035. Alternatively, a quarter-wave 
matching section may be employed and the 
antenna fed through a non-resonant line 
(§ 10-8). If the antenna wires are made multi-
ples of a half wave in length (use Equation 
10, § 10-9, for computing the length), the 
matching section will be closed at the free end. 
• The rhombic antenna—The horizontal 
rhombic or "diamond" antenna is shown in 
Fig. 1037. Like the "V," it requires a good deal 
of space for erection, but it is capable of giving 
exce lent gain and directivity. It also can be 
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Fig. 1037 — The horizontal rhombic or diamond antenna, termi-
nated. Important design dimensions are indicated; details in text. 

,t0 

used for multi-band operation. In the ter-
minated form shown in Fig. 1037, it operates 
like a non-resonant transmission line, without 
standing waves, and is uni-directional. It may 
also be used without the terminating resistor, 
in which case there are standing waves on the 
wires and the antenna is bi-directional. 
The important quantities influencing the 

design of the rhombic antenna are shown in 
Fig. 1037. While several design methods may 
be used, the one most applicable to the condi-
tions existing in amateur work is the so-called 
"compromise" method. The chart of Fig. 
1038 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 intermediate 
values may be interpolated. 

With all other dimensions correct, an increase 
in length causes an increase in power gain and 
a slight reduction in wave angle. An increase 
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Fig. 1036 — Design chart for horizontal "V" antennas, giving 
the enclosed angle between aides vs. the length of the wires. 

in height also causes a reduction in wave 
angle and an increase in power gain, but 
not to the same extent as a proportionate 
increase in length. 

For multi-band work, it is satisfactory 
to design the rhombic antenna on the basis 
of 14-Mc, operation, which will permit 
work on the 7- and 28-Mc, bands as well. 
A value of 800 ohms is correct for the 

terminating resistor for any properly con-
structed rhombic, and the system behaves 
as a pure resistive load under this con-
dition. The terminating resistor must be 
capable of safely dissipating one-half the 
power output (to eliminate the rear pat-
' tern), and should be non-inductive. Such 
a resistor may be made up from a carbon 
or graphite rod or from a long 800-ohm 
transmission line using resistance wire. If 
the carbon rod or a similar form of lumped 
resistance is used, the device should be 
suitably protected from weather effects, 
i.e., it should be covered with a good 
asphaltic compound and sealed in a 
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Fig.1038— Compromise-method 
design chart for rhombic antennas 
of various leg lengths and wave 
angles. The following examples 
illustrate the use of the chart: 
(1) Given: 

Length (L) = 2 wave-
lengths. 

Desired wave angle (à) = 
20°. 

To Find: H, 4,. 
Method: 

Draw vertical line through 
point a (L = 2 wave-
lengths) and point b on 
abscissa (A = 20°.) Read 
angle of tilt (4) for point 
a and height (H) from 
intersection of line ab at 
point c on curve H. 

Result: 
4, = 

H = 0.73 wavelength. 
(2) Given: 

Length (L) = 3 wave-
lengths. 

Angle of tilt (4) = 78°. 
To Find: H, A. 
Method: 
Draw a vertical line from point d on curve L = 3 

wavelengths at 4, = 78°. Read intersection of 
this line on curve Il (point e) for height, and 
intersection at point f on the abscissa for A. 

Result: 
H = 0.56 wavelength. 
A = 26.6°. 
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small, light-weight box or fibre tube. Suitable 
resistors are available commercially. 

For feeding the antenna, the antenna im-
pedance will be matched by an 800-ohm line, 
which may be constructed from No. 16 wire 
spaced 20 inches or from No. 18 wire spaced 
16 inches. The 800-ohm line is somewhat un-
gainly to install, however, and may be re-
placed by an ordinary 600-ohm line with only 
a negligible mismatch. Alternatively, a match-
ing section may be installed between the an-
tenna terminals and a low-impedance line. 
However, when such an arrangement is used, 
it will be necessary to change the matching-
section constants for each different band of 
operation. 
The same design details apply to the unter-

minated rhombic as to the terminated type. 
Resonant feeders are preferable for the unter-
mipated rhombic. A non-resonant line may be 
used by incorporating a matching section at 
the antenna, but is not readily adaptable to 
multi-band work. 
Rhombic antennas will give a power gain of 

10 db. or more, when constructed according to 
the charts given. In general, the larger the 
antenna, the greater the power gain. 

(A) ; 
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(1 10-12 Directive Arrays with Driven 
Elements 

26 28 90 

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-
stantaneous direction of current flow (phase) 
in individual elements determines the directiv-
ity and power gain. There are several methods 
of arranging the elements. If they are strung 
end to end, so that all lie on the same straight 
line, the elements are said to be collinear. If 
they are parallel and all lying in the same 
plane, the elements are said to be broadside 
when the phase of the current is the same 
in all, and end-fire when the currents are not 
in phase. Elements 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. 1039—Collinear half-wave antennas in 
phase. The system at A is generally known as 
"two half waves in phase." 13 is an extension of 
the system; in theory the number of elements 
may be carried on indefinitely, but practical con-
siderations usually limit the elements to four. 
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Collinear arràys— Simple forms of col-
linear arrays, with the current distribution, 
are shown in Fig. 1039. 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. 1039-B. Note 
that quarter-wave transmission lines are used 
between each element; these give the reversal 
in phase necessary to make the currents in 

TABLE III 

THEORETICAL GAIN OF COLLINEAR HALF-WAVE 
ANTENNAS 

Spacing between 
centers of adjacent 

half wales 

Number of half waves 
in array vs. gain in db. 

2 3 3 5 

Wave 
% Wave 

1.8 
3.2 

3.3 
4.8 

4.5 
6.0 

5.3 
7.0 

6 

6.2 
7.8. 

individual antenna elements all flow in the 
same direction at the same instaiit. 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 non-resonant 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 
previously 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. 
The gain and directivity depend upon the 

number of elements and their spacing, center-
to-center. This is shown by Table III. Al-
though 3%-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 actual practice. 

Fig. 1040—Broadside array using parallel half-wave 
elements. Arrows indicate the direction of current flow. 
Transposition of the feeders is necessary to bring the an-
tenna currents in phase. Any reasonable number of ele-
ments may be used. The array is hi-directional, with 
maximum radiation "broadside" or perpendicular to the 
planeof the antennas (perpendicularly through this page). 
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Fig. 1041— Gain vs. spacing for two parallel half-wave 
elements 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 ditectivity remains the same as for 
a single element at the same height. Vertical 
mounting gives the same horizontal pattern as 
a single element, but concentrates the radiation 
at low angles. It is seldom practicable to use 
more than two elements vertically at fre-
quencies below 14 Mc. because of the excessive 
height required. 

TABLE IV 
THEORETICAL GAIN VS. NUMBER OF BROADSIDE 

ELEMENTS (HALF-WAVE SPACING) 

No. of elements Gain 

2 
3 
4 

6 

4 db. 
5.5 db. 
7 db. 
8 db. 
9 db. 

Broadside arrays —Parallel antenna ele-
ments with currents in phase may be com-
bined as shown in Fig. 1040 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. 1041. Half-wave 
spacing generally is used, since it simplifies 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) 

o r 

t/r o t t_ 

Fig. 1042 — Combination broadside and collinear ar-
rays. A, with vertical elements; B, with horizontal ele-
ments. Both arrays give low-angle radiation. Two or 
more sections may be used. The gain in db. will be equal, 
approximately, to the sum of the gain for one set of 
broadside elements (Table IV) plus the gain of one set of 
collinear elements (Table III). For example, in A each 
broadside set has four elements (gain 7 db.) and each 
collinear set two elements (gain 1.8 db.), giving a total 
gain of 8.8 db. In B, each broadside set has two elements 
(gain 4 db.) and each collinear set three elements (gain 
3.3 db.), making the total gain 7.3 db. The result is not 
strictly accurate, because of mutual coupling between 
the elements, but is good enough for practical purposes. 

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. 1040, 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. 1042. 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. 

X 

7 

feed 

Fig. 1043 — A four-element combination broadside. 
collinear array, popularly known as the "lazy H" 
antenna. A closed quarter-wave stub may be used 
at the feed point to match into a 600-ohm transmission 
line, or resonant feeders may be attached at the point 
indicated. The gain over a half-wave antenna is 5 to 6 db. 

The arrays in Fig. 1042 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 aré 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. 1042-B, known as the "lazy H" 
antenna, has been quite frequently used. This 
arrangement is shown, with the feed point indi-
cated, in Fig. 1043. 

End-fire arrays —Fig. 1044 shows a pair 
of parallel half-wave elements with currents 
out of phase. This is known as an end-fire array, 
because it radiates best along the line of the 
antennas, as shown. 
The end-fire array may be used either ver-

tically or horizontally (elements at the same 
height), and is well adapted to amateur work 
because it gives maximum gain with relatively 
close element spacing. Fig. 1041 shows how the 
gain varies with spacing. End-fire elements may 
be combined with additional collinear and 

Fig. 1044 —End-fire arrays using parallel half-wave 
elements. The elements are shown with half-wave spac-
ing to illustrate feeder connections. In practice, closer 
spacings are desirable, as shown by Fig. 1041. Direction 
of maximum radiation is shown by the large arrows. 

broadside elements to give a further increase in 
gain and directivity. 

Either resonant or non-resonant lines may be 
used with this type of array. Non-resonant lines 
preferably are matched to the antenna through 
a quarter-wave matching section (§ 10-8). 
Checking phasing —Figs. 1042 and 1044 

illustrate a point in connection with feeding 
a phased antenna system which sometimes is 
confusing. In Fig. 1044, when the transmission 
line is connected as 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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(A) 

o.etX   064A 

(D) 

Fig. 1045—Simple directive antenna systems. A is a 
two-element end-fire array; B is the same array with 
center feed, which permits use of the array on the second 
harmonic, where it becomes a four-element array with 
quarter-wave spacing. C is a four-element end-fire array 
with 31j-wave spacing. D is a simple two-element broad-
side array using extended in-phase antennae ("extended 
double-Zepp"). The gain of A and B is slightly over 4 db. 
On the second harmonic, B will give about 5 db. gain. 
With C, the gain is approximately 6 db., and with D, 
approximately 3 db. In A, B and C, the phasing line 
contributes about 1/16th wavelength to the trans-
mission line; when B is used on the second harmonic, 
this contribution is 34 wavelength. Alternatively, the 
antenna ends may be bent to meet the transmission line, 
in which case each feeder is simply connected to one 
antenna. In D, points Y-Yindioate a qua rter-waye point 
(high current) and X-X a half-wave Point (hie volt-
age). The line may be extended in multiples of quarter 
waves, if resonant feeders are to be used. A, B, and 
C may be suspended on wooden spreaders. The plane 
containing the wires should be parallel to the ground. 

words, even though the connecting line in B 
is a half wave in length, it is not actually a 
half-wave line but two quarter-wave lines in 
parallel. The same thing is true of the un-
transposed line of Fig. 1042. Note that, under 
these conditions, the antenna elements are in 
• phase when the line is not transposed, and 
out of phase when the transposition is made. 
The opposite is the case when the half-wave 
line simply joins two antenna elements and 
d?es not have the feed line connected to its 
center, as in Fig. 1040. 
Adjustment of arrays — With arrays of 

the types just described, using half-wave 
spacing between elements, it will usually 
suffice to make the length of each element 
that given by the equation for a half-wave 
antenna in § 10-2, while the half-wave phasing 
lines between the parallel elements can be cal-
culated from the formula: 

Length of half- _ 492 X 0.975 480  
wave line (feet) — Freq. (Mc.) Freq. (Mc.) 

The spacing between elements can be made 
equal to the length of the phasing line. No 
special adjustments line or element length or 
spacing are needed, provided the formulas are 
followed carefully. 
With collinear arrays of the type shown in 

Fig. 1039-B, the same formula may be used 
for the element length while the quarter-wave 
phasing section can be calculated from Equa-
tion 7 (§ 10-5). If the array is fed at its center 
it should not be necessary to make any particu-
lar adjustments, although, if desired, the whole 
system can be resonated by connecting an 
r.f. ammeter in the shorting link on each phas-
ing section and moving the link back and 

forth to find the maximum current 
  position. This refinement is hardly 

necessary in practice, however, so 
long as all elements are the same length and 
the system is symmetrical. 
Simple arrays — Several simple directive 

antenna systems using driven elements have 
achieved rather wide use among amateurs. 
Four of these systems are shown in Fig. 1045. 
Tuned feeders are assumed in all cases; how-
ever, a matching section (§ 10-8) readily can be 
substituted if a non-resonant 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 transmission line or matching section 
In cases where the transmission-line propel 
connects to the mid-point of a phasing line, only 
half the length of the latter should be added to 
the line to find the quarter-wave point. 
At A and B are two-element end-fire arrange-

ments using close spacing. They are electrically 
equivalent; the only difference is in the method 
of connecting the feeders. B may also be used 
as a four-element array on the second har-
monic, although the spacing is not quite op-
timum (Fig. 1041) for such operation. 
A close-spaced four-element array is shown 

at C. It will give about 2 db. more gain than 
the two-element array. 
The antenna at D, commonly known as the 

"extended double Zepp," is designed to take 
advantage of the greater gain possible with 
collinear antennas having greater than half-
wave center-to-center spacing, but without 
introducing feed complications. The elements 
are made longer than a half wave in order to 
bring this about. The gain is 3 db. over a single 
half-wave antenna, and the broadside direc-
tivity is 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. 1046—Gain vs. element spacing for an antenna 
and one parasitic element. The reference point, 0 db. is 
the field strength from a half-wave antenna alone. The 
greatest gain is in direction A at spacings of less than 
0.14 wavelength, and in direction B at greater spacings. 
The front-to-back ratio is the difference in db. between 
curves A and B. Variation in radiation resistance of the 
driven element also is shown. These curves are for a self-
resonant parasitic element. At most spacings the gain as 
a reflector can be increased by slight lengthening of the 
parasitic element; the gain as a director can be increased 
by shortening. This also improves the front-to-back ratio. 

10-13 Directive Arrays with 
Parasitic Elements 

Parasitic excitation — The antenna arrays 
described in § 10-12 are bi-directional; that is, 
they will radiate in directions both to the 
"front" and to the "back" of the antenna sys-
tem. If radiation is wanted in only one direc-
tion (for instance, north only, instead of north-
south), it is necessary to use different element 
arrangements. In most of these arrangements 
the additional elements receive power by in-
duction or radiation from 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 directly from the 
transmitter through the transmission line. 
The parasitic element is called a director 

when it reinforces radiation on a line pointing 
to it from the antenna, and a reflector when the 
reverse is the case. Whether the parasitic ele-
ment is a director or reflector depends upon the 
parasitic element tuning (which usually is ad-
justed by changing its length), 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-director combination 
varies chiefly with the spacing between the 
elements. The way in which gain varies with 
spacing is shown in Fig. 1046, for the special 
case of self-resonant parasitic elements. This 
chart also shows how the attenuation to the 
"rear" varies with 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 
"S" meter) while the reflector or director 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. 1047. 
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. 1046. 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. 1047 —Half-wave antennas with parasitic ele-
ments. A, with reflector; B, with director; C, with both 
director and reflector; D, two directors and one reflector. 
Gain is approximately as shown by Fig. 1046, in the first 
two cases, and depends upon the spacing and length of 
the parasitic element. In 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 direction 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. 
1047, will give more gain and directivity than 
is indicated for a single reflector and director 
by the curves of Fig. 1046. 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. 

Fig. 1048 —Recommended methods of feeding the 
driven antenna element in close-spaced parasitic arrays. 
The 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. 

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. 1048. Reso-
nant feeders are not recommended for lengths 
greater than a half wavelength. 
The quarter- or half-wave matching stubs 

shown at A and B in Fig. 1048 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, ikonly one frequency in the band will be 
used forNthe greater portion of the time, the 
antenna might be designed for that frequency 
and some degree of misadjustment tolerated on 
the occasionally used sparefrequencies. 
When reflectors or directors.are used the tol-

erance is usually less than in the case of driven 
elements, partly because the parasitic-element 
lengths are fixed and the operation may change 
appreciably as the frequency passes from one 
side of resonance to the other, and partly, be-
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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 about the frequency for which the 
antenna is adjusted if peak performance is to 
be secured. 
Combination arrays — It is possible to 

combine parasitic elements with driven ele-
ments to form arrays composed of collinear 
driven and parasitic elements and combination 
broadside-collinear-parasitic elements. Thus 
two or more collinear elements might be pro-
vided with a collinear reflector or director set, 
one parasitic element to each driven element. 
Or both directors and reflectors might be used. 
A broadside-collinear array could be treated 
in the same fashion. 
When combination arrays are built up, a 

rough approximation of the gain to be ex-
pected may be obtained by adding the gains 
for each type of combination. Thus the gain of 
two broadside sets of four collinear arrays with 
a set of reflectors, one behind each element, at 
quarter-wave spacing for the parasitic ele-
ments, would be estimated as follows: From 
Table III, the gain of four collinear elements is 
4.5 db. with half-wave spacing; from Fig. 1041 
or Table IV, the gain of two broadside elements 
at half-wave spacing is 4.0 db.; from Fig. 1046, 
the gain of a parasitic reflector at quarter-wave 
spacing is 4.5 db. The total gain is then the 
sum, or 13 db. for the sixteen 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-
flectors, as against one antenna and one re-
flector. The actual gain of the combination 
array will depend, in practice, upon the way 
in which the power is distributed between the 
various elements and upon the effect which 
mutual coupling between elements has upon 
the radiation resistance of the array, and may 
be somewhat higher or lower than the estimate. 
A great many directive antenna combina-

tions can be worked out by combining ele-
ments according to these principles. 

«L 10-14 Miscellaneous Antenna 
Systems 

Grounded antenna — The grounded an-
tenna is used almost exclusively for 1.75-Mc. 
work, where the length required for a half-
wave antenna would be excessive for most lo-
cations. An antenna worked "against ground" 
need be only a quarter-wave long, approxi-
mately, because the earth acts as an electrical 
"mirror" which supplies the missing quarter 
wave. The current is maximum at the ground 
connection with a quarter-wave antenna, just 
as it is at the center of a half-wave antenna. 
On 1.75 Mc. the most useful radiation is 

from the vertical part of the antenna, since 
vertically polarized waves are characteristic of 
ground-wave transmission. It is therefore de-
sirable to make the down-lead as nearly verti-
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Fig. 1049—Typical grounded 
antenna for 1.75 Mc., consist-
ing of a vertical section and a 
horizontal section having a 
total length (including the 
ground lead, if the latter is 
more than a few feet long) of 
one-quarter wavelength. Coil 
L should have about 20 turns 
of No. 12 wire on a 3-inch di-
ameter form, tapped every 
two or three turns for adjust-
ment. C is a 250 to 500 m pfd. 
variable. The inductive cou-
pling between L and the final 
tank coil should be variable. 

cal as possible, and also as high as possible. 
This gives low-angle sky-wave transmission, 
which is most useful for long-distance work at 
night, in addition to a good ground wave for 
local work. The horizontal portion contributes 
to high-angle sky-wave transmission, which is 
useful for covering short distances on this band 
at night. 

Fig. 1049 shows a grounded antenna with 
the top folded to make the length equal to a 
quarter wave. The antenna coupling apparatus 
consists of the coil, L, tuned by the series con-
denser, C, with L inductively coupled to the 
transmitter tank circuit (§ 10-4, 10-6). 

For computation purposes, the over-all length 
of a grounded system is given by 

236  
Length (feet) = f (Mc.) 

This is the total length from the far end of the 
antenna to the ground connection. The length 
is not critical, since departures of the order of 
10 to 20 per cent can be compensated by the 
tuning apparatus. 
The ground should preferably be one with 

conductors buried deep enough to reach nat-
ural moisture. In urban locations, good grounds 
can be made by connecting to the water mains 
where-they enter the house; the pipe should be 
scraped clean and a low-resistance connection 
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, all being connected together. The 
transmitter should 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 soil 
or other considerations, it is preferable to use 
a counterpoise or capacity ground instead of 
an actual ground connection. The counterpoise 
consists of a system of wires, insulated from 
ground and running horizontally above the 
earth beneath the antenna. The counterpoise 
should have a sufficient number of wires of 
sufficient length to cover well the area immedi-
ately under the antenna. The wires may be 
formed 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-
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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 inter-
fere with persons walking 
under it. A low-resist-
ance connection should 
be made between the 
usual ground terminal of 
the transmitter and each 
of the wires in the 
counterpoise. 
"J" antenna — This 

type of antenna, fre-
quently used on the very-
high frequencies when 
vertical polarization is 
desired, is simply a half-
wave radiator fed through 
a quarter-wave match-
ing section, (§ 10-8), the 
whole being mounted 
vertically as shown in 
Fig. 1050. Adjustment 
and tuning are as de-
scribed in § 10-8. The bottom of the matching 
section, being at practically zero r.f. potential, 
can be grounded through a metallic conductor 
for lightning protection. 

Coaxial antenna — With the "J" antenna 
there is likely to be some 
radiation from the match-
ing section and the trans-
mission line, which tends 
to combine with the radi-
ation from the antenna 
in such a way as to raise 
the angle of radiation. 
As this is undesirable 
at very-high frequencies, 
where the lowest possible 
radiation angle is essen-
tial, the coaxial antenna 
shown in Fig. 1051 was 
developed to eliminate 
feeder radiation. The cen-
ter conductor of a 70-ohm 
concentric transmission 
line is extended one quar-
ter wave beyond the end 
of the line, to act as the 
upper half of a half-wave 
antenna. The lower half is 
provided by the quarter-
wave sleeve, the upper 
end of which is connected 
to the outer conductor of 
the concentric line. The 
sleeve acts as a shield 
about the transmission 
line and very little cur-
rent is induced on the 
outside of the line by the 
antenna field. The line is 
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Fig 1051— Coaxial 
antenna. The insulated 
inner conductor of the 
70-ohm concentric line 
is connected to the 
quarter-wave metal 
rod which forms the up-
per half of the antenna. 

Trans. 
Line 

24, 

May be 
yroundedhere 

Fig. 1050 —The "J" 
antenna. It is usually 
constructed of metal 
tubing, frequently with 
the %-wave vertical 
section mounted as an 
extension of a grounded 
metal mast. The stub 
may be adjusted by a 
sliding shorting bar. 

non-resonant, since its characteristic imped-
ance is the same as the center impedance of the 
half-wave antenna (§ 10-2). The sleeve may be 
made of copper or brass tubing of suitable di-
ameter to clear the transmission line. The 
coaxial antenna is somewhat difficult to con-
struct, but is superior to simpler systems at 
low radiation angles. 
Folded dipole — An arrangement which 

combines the radiation characteristics of a 
half-wave antenna with the impedance-trans-
forming properties of a quarter-wave line 
(§ 10-5) is shown in Fig. 1052. Essentially, it 
consists of a center-fed half-wave antenna with 
another half-wave element connected directly 
between its ends. The spacing between the 
two sections should be quite close — not more 
thait a few per cent of the wavelength. As 
used at very-high frequencies, the spacing is 
of the order of an inch or two when the ele-
ments are constructed of metal tubing. 
The impedance at the terminals of the an-

tenna is four times that of a half-wave antenna, 
or nearly 300 ohms, when the antenna con-
ductors all are the same diameter. A 300-ohm 
line will therefore be non-resonant when the 
antenna is connected to its output end (§ 10-5), 
while the standing-wave ratio with a 600-ohm 
line will be only of the order of 2 to 1. 

Y2 

1  
Tronsm .ssion 

Line 

Fig. 1052—Folded dipole for increasing the value of 
impedance at the feed point to match a transmission line. 

The total required length around the loop 
formed by the antenna may be calculated by 
Equation 10 (§ 10-9) for a total length of one 
wavelength. 
Corner reflector antenna — A type of an-

tenna system particularly well-suited to the 
v.h.f. ranges above 56 Mc., is the "corner" 
reflector, shown in Fig. 1053. It consists of 
two plane surfaces set at an angle of 90°, with 
the antenna set on a line bisecting this angle. 
For maximum performance, the distance of the 
antenna from the vertex should be 0.5 wave-
length, but compromise designs can be built 
with closer spacings (see Table V). The plane 
surfaces need not be solid sheets, and can most 
easily be made of spines spaced about 0.1 
wavelength apart. The spines do not have to 
be connected together electrically. 
The resistance of the antenna is raised when 

a corner reflector is used. The transmission 
line should be run out at the rear of the reflec-
tor, to keep the system as symmetrical as 
possible and thus avoid any unbalance. Two 
simple antennas which can be used with the 
corner reflector are shown in Fig. 1054. 
The corner reflector can be used with the 

antenna either horizontal or vertical, and the 
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Fig. 1053 —  A corner reflector antenna system with a 
spine- or grid-type reflector. The reflector elements are 
made of stiff wire or tubing. The dimensions shown are 
for 224 Mc., and should be doubled for 112 Mc. (See 
Table V.) The gain of the system is close to 10 db. 

plane of polarization will be the plane of the 
antenna. The relative positions of the an-
tenna and reflector must remain the same, 
however, which means that a support for both 
horizontal and vertical polarization would 
require a means for rotating the reflector 
about its horizontal axis. 
Receiving antennas — Nearly all of the 

properties possessed by an antenna as a radi-
ator also apply when it is used as a receiving 
antenna. Current and voltage distribution, im-
pedance and resistance, and directional charac-
teristics are the same in a receiving antenna 
as they would be if it were used as a trans-
mitting antenna. This reciprocal behavior 
makes possible the design of a receiving an-
tenna of optimum performance based on the 
same considerations as have been discussed for 
transmitting antennas. 
The simplest form of receiving antenna is a 

wire of random length, which acts as a con-
ductor in the field of the radiated wave and in 
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Fig. 1054—Dipoles suitable for use with the corner 
reflector antenna system. The radiator length, L, is 25 
inches for 224 Me., and s = 1 inch for the same band. 

which distributed voltages are induced by the 
wave. The longer the wire, the greater the 
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 give quite good results, 
although a longer wire outdoors is better. 
The use of a tuned antenna greatly improves 

the operation of the receiver, because the signal 
strength is greater in proportion to the stray 
noises picked up by the antenna than is the 
case with wires of random length. Since the 
transmitting antenna usually is given the best 
location, it can also be used to great advantage 
for receiving. This is especially true when a 
directive antenna is used. A change-over 
switch or relay, connected in the antenna leads, 
can be used to transfer the connections from 
the receiver to the transmitter while the latter 
is on the air. The directional effects and 
power gain of directive transmitting antennas 
are the same for receiving as for transmitting. 

TABLE V 

Frequency 
Band 

Length 
of Side 

Tell of 
ector 

Elements 

Number of p_a_„,,r 
Z"`"eni 

Q --'n of '1.1*.:' g xenector 
Elements 

SPueing 
of Driven 
Di le 

to e tex 

224-230 Mc. 
(lif meter) 

4' 2" 4' 7" 20 5" 2' 2" 

112-116 Mc. 8' 4" 5' 2" 20 10" 4' 4" 
(2X meter) 

112-116 Mc.' 6' 8" 5' 2" 16 10" 3' ti" 
(2i meter) 

56-60 Mc. 16' 8" 10' 4" 20 1' 8" 8' 8" 
(5 meter) 

56-60 Mc.' 13' 4" 10' 4" 16 1' 8" 8' 11" 
(5 meter) 

Dimensions of square-corner reflector for the 
224-, 112-, and 56-Mc. bands. Alternative de-
signs are listed for the 112- and 56-Mc. bands. 
These designs, marked (5), 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. 

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. 
The auxiliary elements in the antenna sys-

tem — transmission line and receiver coupling 
— should be arranged to avoid direct pick-up 
of undesired-signal or noise energy, which would 
impair the directivity. This requires a balanced 
transmission line without standing waves, a 
carefully shielded and balanced receiver input 
circuit, and a good ground on the receiver. 



CHAPTER ELEVEN 

eceiver Constn 
41 A One-Tube Regenerative Receiver 

THE SIMPLEST receiver capable of 
giving at all satisfactory results in everyday 
operation is one consisting of a regenerative 
detector followed by an audio amplifier. This 
type of receiver is adequate for headphone 
reception, and is quite easy to build and ad-
just. A dual tube may be used for both stages, 
thereby reducing cost. 

Figs. 1101 to 1105 show such a receiver. 
It uses a 6C8G twin-triode tube, one triode 
section being the regenerative detector and 
the other the audio amplifier. The circuit 
diagram is given in Fig. 1103. The grid coil, 
LI, is tuned to the frequency of the incoming 
signal by means of condensers C1 and C3, CI 
being the band-setting or general coverage 
condenser and C3 the bandspread condenser. 
Regeneration is supplied by means of the 
tickler coil, L2; the variable plate by-pass con-
denser, C2, is the regeneration control. The 
receiver is coupled to the antenna through 
Cfi, a low-capacity trimmer condenser. R1 and 
C4 are the grid leak and grid condenser. 
The audio amplifier section of the tube is 

coupled to the detector by the audio trans-
former, T1. Bias for the audio stage is supplied 
by a midget flashlight cell, this type of bias 
being quite convenient as well as cheaper than 
other methods. The choke, RFC, is necessary 
to prevent r.f. current from flowing in the 
primary winding of the audio transformer; 
without the r.f. choke, the regeneration control 
condenser, C2, may be ineffective. A switch, 
Si, is provided for turning off the "B" supply 
when transmitting. 

This receiver is laid out so that it can be 
converted into the two-tube superheterodyne 
described in the next section, using most of the 

ction 

Fig. 1102 —  Top view of the chassis of the one-tube re-
generative receiver. The grid condenser and grid leak are 
supported by their wire leads between the stator plates 
of the tuning condenser and the grid :..ap on the tube. 

same parts over again and utilizing the same 
chassis and panel. The superhet will give im-
proved performance, but is a little more diffi-
ctilt to build and adjust. By building the one-
tube receiver first, the beginner will acquire 
experience in the operation of regenerative 
circuits which will be helpful in building and 
using the two-tube receiver. 
The construction of the receiver is shciwn in 

the photographs. The three variable condensers 
are mounted on the panel three inches from 
the bottom edge, with C3 in the center, C1 at 
the right and C2 at the left. The condensers are 

33 inches apart, center to cen-
ter. The tube socket is directly 
behind C3, its center being 2 Yi 
inches from the panel; the coil 
socket is 2M inches to the right. 
The a.f. transformer is mounted 
at the rear of the chassis, as 
shown. All ground connections 
may be made directly to the 
chassis, making sure that the 
paint is scraped away and that 
good contact is secured. 

Fig. 1101 — A one-tube regenerative 
receiver, using a double triode with 
one section a regenerative detector 
and the other an audio amplifier. The 
chassis measures 534 X 9% X 13-s 
inches; panel size is 6 X 10h inches. 

210 
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Fig. 1103— Circuit diagram of the one-tube receiver. 
CI, CR —100-pmfd. variable (IIammarlund SM-100). 
Ci 15-,pfd. variable (Hammarlund SM-15). 
C4 - 100-pmfd. mica. 
C5— 3-30-mpfd. mica trimmer (National M-30). 
Ri — 1 megohm, ,q-watt. 
Li, L2— See coil table. 
Ti — Audio transformer, interstage type, 3:1 ratio 

(Thordarson T-13A34). 
Si — S.p.s.t toggle switch. 
RFC —2.5-mh. r.f. choke. 

In the photograph, Fig. 1105, the antenna 
connection strip is at the left, with C5 sup-
ported by the wiring to the antenna post. 
The ground connection is soldered to a lug 
under the nut holding the connection strip 
in place. The choke, RFC, also is supported by 
the wiring. The bias battery (the zinc can is 
the negative terminal) is soldered to a lug 
strip, as shown. The headphone connections 
are made by means of tip jacks mounted on 
the rear edge of the chassis. Filament and 
plate power are brought in through a four-
wire cable which enters the chassis through the 
rear edge. 
The coils are made as shown in Fig. 1104 

and the coil table. Both windings should be in 

r,  

Ls 
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4 

BOTTOM OF SOCKET 

OR COIL FORM 

Fig. 1104 —Method 
of winding the plug-in 
coils for the one-tube 
regenerative receiver. 

Fig. 1105 — Bottom-of-rhaseig view of the 
one-tube two-stage regenerative receiver. 
Construction and wiring are extremely simple. 

the same direction. Using the standard pin 
numbering for four-prong sockets, pin 1 con-
nects to ground, pin 2 to the plate of the 
detector, pin 3 to RFC and the stator plates of 
C2, and pin 4 to the stator plates of Cs. and C3. 
L1 for the B, C and D coils should have its 
turns evenly spaced to occupy the specified 
length; the wire may be held in place when 
the coil is finished by running Duco cement 
along the ridges of the coil forms. 
The heater supply for the receiver may be 

either a 6.3-volt filament transformer (the 
1-ampere size will be ample) or a 6-volt bat-
tery. A 45-volt "B" battery should be used 
for the plate supply. 

After the set is completed and the wiring 
checked to make sure that it is exactly as 
shown, insert the C coil in the coil socket and 
connect the headphones, antenna and ground, 
and the heater supply. After the heater supply 
has been connected for a few minutes, the 
tube should feel warm to the touch and there 
should be a visible glow from the heater. The 
"B" battery may now be connected and the 
switch, Si, closed. 
Now turn the regeneration édndenser, 

starting from minimum capacity (plates all 
out) until the set goes into oscillation. This 
phenomenon is easily recognizable by a dis-
tinct click, thud or hissing sound. The point 
where oscillation just begins is the most 
sensitive operating point at that particular 
dial setting. 
The tuning dial may now be slowly turned, 

the regeneration control knob being varied 
simultaneously (if necessary) to keep the set 
just oscillating. A number of stations should be 
heard. A little practice will make tuning easy. 

If the set refuses to oscillate, the sensitivity 
will be poor and no code signals will be heard on 
the frequencies at which such signals should be 
expected. It should oscillate easily, however, 
if the coils are made exactly as shown. It some-
times happens that the antenna takes so much 
energy from the set that it cannot oscillate, 
this usually resulting in "holes" in the range 
where no signals can be picked up (and where 
the hissing sound cannot be obtained). This can 
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ONE-TUBE REGENERATIVE 
RECEIVER COIL DATA 

Coil Oriel Winding (14) Tickler (14) 

A 56 turns No.22 enameled 
B 32 
C 18 
D 10 

All coils wound on 1X-inch diameter forms (Harnmarlund 
SWF-4). Grid windings on coils B, C and D spaced to occupy 
a length of 15,1 inches; grid winding on coil A close-wound. 
Tickler coils all close-wound, spaced 3. inch from bottom of 
grid winding. See Fig. 1104. 

Frequency range: Coll A— 1700 to 3200 kc. 
B 3000 to 5700 kc. 
Cc-5400 to 10,000 kc. 
D — 9500 to 18,000 kc. 

15 turns No. 24 enameled 
8 " " " " 

5 ti 44 60 id 

be cured by reducing the capacity of C5 (un-
screwing the adjusting screw) until the detector 
again oscillates. If it still refuses to oscillate, 
the coil L2 must be move nearer to L1 or, in 
extreme cases, a turn or two must be added to 
1,2. This is best done by rewinding with more 
turna rather than by trying to add a turn or 
two to the already-wound coil. For any given 
band of frequencies, adjust C5 so that the 
detector oscillates over the whole range, using 
as much capacity at C5 as is possible. This will 
give the best compromise between dead spots 
and signal strength. It will be found that less 
advancing of the regeneration control, C2, is 
required at the high-frequency end of a coil 
range (C1 at or near minimum capacity) than 
at the low-frequency end. The best adjust-
ment of the antenna condenser, C5, and the 
feed-back coil, L2, is that which requires almost 
a maximum setting of the regeneration control 
at the low-frequency end (maximum capacity 
of C1) of any coil range. 

Coil A misses the high-frequency end of the 
broadcast band, but it is possible to hear 
police stations and the 160-meter amateur 

band with it, as well as other services. The 
amateur band is most easily located by listen-
ing at night, setting C3 at maximum and slowly 
tuning with C1 until some of the police sta-
tions are heard. These stations operate on 1712 
kc., so that once found they become " markers " 
for the low-frequency end of the band. 

Locating the amateur bands on the other 
coils is done in much the same manner, by 
searching carefully with C1. The 3.5-4.0-Mc. 
amateur band will be found on coil B at about 
80 per cent setting of C1. On coil C, the 7-Mc. 
amateur band will be found with C1 meshed 
about 60 per cent; the 14-Mc. band (coil D) is 
found with C1 meshed about 20 per cent. 
A suitable antenna for the receiver would be 

50 to 75 feet long, and as high and clear of sur-
rounding objects as possible. The ground lead 
should preferably be short; a connection to a 
heating radiator or water pipe is usually good. 

(J. A Two-Tube Superheterodyne Receiver 

Although all the advantages 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 operate 
on a fixed low frequency and designing it for 
maximum stability. The incoming signal is 
then converted to the fixed detector frequency 
before being detected. 
A two-tube receiver operating on this prin-

ciple is shown in Figs. 1106 to 1110. It employs 
the same chassis and panel, 
as well as most of the parts, 
of the one-tube regenerative 
receiver just described, with 
the addition of a converter 
tube and its associated cir-
cuits. The same coils may 
also be used, with a new 
winding and rearrangement 
of the pin connections for 
L2; the windings and con-
nections for L1 need not be 
changed. One additional coil 
is needed to cover a fre-
quency range of 1700 to 
14,500 kc., including the 
four lower-frequency ama-
teur bands. 

Fig. 1106 — This two-tube su-
perheterodyne has one more oper-
ating control than the ordinary 
regenerative receiver, but it is 
more stable and easier to tune. 
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The circuit diagram is given in Fig. 

1108. A 6K8 is used to convert the fre-
quency of the incoming signal to the 
fixed or intermediate frequency, and 
the two triode sections of a 6C8G 
serve as the regenerative detector and 
audio amplifier respectively. LICI is 
the r.f. circuit, tuned to the signal, 
and L2 is the antenna coupling coil. 
C7 is a by-pass condenser across the 
1.5-volt battery used to bias the 
signal grid of the 6K8. The high-
frequency oscillator tank circuit is 
L3C3C4, with Cg for band-setting and 
C4 for bandspread. 
The i.f. tuned circuit (or regenera-

tive detector circuit) is Les. This 
must be a high-C circuit if stability 
better than that of an ordinary re-
generative detector is to be secured. 
The frequency to which it is tuned 
should be in the vicinity of 1600 kc.; 
the exact frequency does not matter 
so long as it falls on the low-frequency 
side of the 1750-kc. band. 1.5 and 
its tickler coil, L6, are wound on a 
small form, and Log 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 L6 as specified under Fig. 
1108. 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 regen-
eration-control condenser, isolated from the d.c. 
supply by the choke, RFC. Only enough turns 
need be used on L6 to make the detector oscil-
late 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. 
The 6K8 converter tube is centered on the 
chassis, with Cg and C4 on the panel directly 

Fig. 1107— A back -ol-panel view of the two-tube superhet, showing 
the arrangement of parts on top of the 53¡ X 9?/¡ X 1M-inch chassis. 

Fig. 1108 — Circuit diagram of the two-tube superhet-
erodyne. 
CI, Cs, Cs — 100-pfd. variable (Hammarlund SM-100). 
C4 — 15-pafd. variable (Hammarlund SM-15). 
Ce — 250-pad. silvered mica (Dubilier Type 5-R). 
Ce — 0.01-51d. paper 
C7 — 0.005-afd. mica. 
Cs, Cs — 100-pafd. mica. 
R; — 50,000 ohms, 34-watt. 
112 — 1 megohm, 3'2-watt. 
RFC — 2.5-mh. r.f. choke. 
Ti — Audio transformer, interstage 

(Thordarson T-13A34). 
14--Ls, inc. — See coil table. 
— 55 turns No. 30 d.s.c., close-wound on e4-inch 

diameter form (National PRF-2); inductance 
40 microhenrys. 

Le — 18 turns No. 30 d.s.c., close-wound, on same form. 
as Le; see Fig. 1110. 

S — S.p.s.t. toggle switch. 

in front of it. C4 is driven by the vernier dial 
and Ca is toward the top of the panel. The coil 
at the right is L3L4, in the oscillator tuned cir-
cuit. The regeneration-control condenser, C2p 
is at the right on the panel. The audio trans-
former, T1, is behind the oscillator coil. 

Looking at the bottom of the chassis, the 
antenna-ground terminals are at the left, with 
a lead going directly to L2 on 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, C2, is 

53V 
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supported by the grid terminal on the tube 
socket and the end of the grid winding, Lfi. R2 
is mounted over the 6C8G socket. The i.f. tun-
ing condenser, C6, is mounted by its terminals 
between the plate and screen prongs on the 
6K8 socket, the ends of L6 being brought to 
the same two points. 
The oscillator grid condenser, C8, 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. 1110; if the connections to the circuit are 
made as shown, there will be no trouble in ob-
taining the necessary oscillation. Both coils on 
each form should be wound in the same direction. 
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. Advance C2 from 
minimum capacity until the detector goes into 
oscillation, which will be indicated by a soft 
hiss. This should occur at around half scale 
on the condenser. If it does not occur, check 
the coil (L5L6) connections and winding direc-
tion and, if these seem right, add a few turns 
to the tickler, L6. If the detector oscillates with 
very low capacity at C2, it will be advisable to 

LE COIL 

Fig. 1109 — Below-chassis view of the two-tube superhet. The i.f. circuit is 
underneath the chassis; no adjustment of its frequency is necessary. Since 
few parts are requirea, the construction, assembly and wiring are quite simple. 
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R E & OSCILLATOR COILS 

Fig. 1110— How 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. La 
and L4 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 1 to Cr„ 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 "B" + and pin 3 to the 6K8 oscillator plate. 
Both windings are in the same direction on each coil. 

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 signals are 
likely to be heard at the time. The 5400-
10,000-kc. range is usually a good one. The 
coils are arranged so that a minimum number 
is needed, even though two are used at a time. 
With coil C in the r.f, socket and D in the os-
cillator circuit, set C1 at about half scale and 
tusIs- C3 slowly around midscale until a signal 
is heard. Then tune C1 for maximum volume. 
Should no signals be heard, the probability is 
that the oscillator section of the 6K8 is not 
working, in which case the same method of 
testing is used as described above for the i.f. de-
tector — check wiring, direction of windings of 

coils, and, finally, add turns 
to the tickler, 14, if necessary. 
The same oscillator coil, 

D, is used for two fre-
quency ranges. This is 
possible because the oscilla-
tor frequency is placed on 
the low-fzequency side of the 
signal on the higher range. 
This gives somewhat greater 
stability at the highest-
frequency range. Some pull-
ing — a change in beat-note 
as the r.f. tuning is varied 
by means of CI — will be 
observed on the highest-
frequency range, but it is 
not serious in the region of 
resonance with the incoming 
signal frequency. 
The receiver will respond 

to signals either 1600 Ice. 
lower or 1600 kc. higher 
than the oscillator frequency. 
The unwanted response, or 
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image, is discriminated 
against by the selectivity of 
the r.f. circuit. On the three 
lower-frequency ranges, 
when it is possible to find two 
tuning spots on Ci at which in-
coming random noise peaks up, 
the lower-frequency peak (the 
one requiring the highest tun-
ing capacity at C1) is the right 
one. The oscillator frequency is 
1600 kc. higher than that of the 
incoming signal on these three 
ranges. On the fourth range the 
oscillator is tuned 1600 kc. 
lower. Bandspread is not needed 
in the r.f. circuit, since the 
tuning is not very critical. 
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 neces-
sary to advance it more to keep 
the detector in oscillation for 
code reception. 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.c. 
•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 (Bib. 1). 

(f. A Three-Tube General Coverage and 
Bandspread Superheterodyne 

A superhet 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. 
1111 to 1115. The circuit uses only three tubes 
and gives continuous frequency coverage from 
about 75 kc. (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.. 

TWO-TUBE SUPERHET COIL DATA 
Coil Grid Winding (La arad L.) Antenna (L2) or Tickler (L4) 

A 58 turns No.22 enameled 
B 32 

18 ed 64 di 44 

D 12 
lo 44 It 64 44 

10 turns No. 24 enameled 
8 
7 46 4e 

7 44 0 41, 

7 40 •• 44 

All coils wound on l3-inch diameter forms (Hammarlund 
SWF-4). Grid windings on coils B-E, inclusive, are spaced to 
occupy a length of 134 inches; grid winding on coil A is close-
wound. Antenna-tickler coils are all close-wound, spaced 
141-inch from bottom of grid winding. See Fig. 1110. 
Frequency Range Coil at LL-L2 Coil at Ls-L. 

1700 to 3200 kc. A B 
3000 to 5700 kc. B G 
5400 to 10,000 kc. C D 
MOO to 14,500 ko. E D 

Fig. 1111 — A three-tube superheterodyne receiver, designed for either 
a.c. or d.c. heater operation and for 90-volt "B" battery plate supply. 

The circuit diagram is given in Fig. 1112. À 
6K8 is used as a combined oscillator-mixer 
followed by a 6SK7 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-
ble triode is used as a second 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, C1, may be used as a 
volume control by detuning from resonance. 
The oscillator circuit, L3C2C 3, is tuned 1600 kc. 
higher than the signal on frequencies up to 5 
Mc.; above 5 Mc. the oscillator is 1600 kc. 
lower than the signal. C2 is the general cover-
age or band-setting condenser, Cg 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 R4, by-passed by Cu for audio frequencies. 
The second 6C8G 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 b.o. 
on-off switch and a dropping resistor, R5, the 
latter serving both to reduce the "B" current 
drain and to cut down the output of the oscil-
lator to a value suitable for good heterodyning. 
No special coupling is needed between the beat 
oscillator and the second detector. 
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L, 

657 

RFC 

B 

C81 
a 

Fig. 1112 — Wiring diagram for the three-tube general 
coverage and bandspread superheterodyne receiver. 

Ci — 100-pfd. variable (Hammarlund MC-100-M). 
C2 —140-ppfd. variable (Hammarlund MC-140-M). 
C3 — 35-ppfd. variable (Hammarlund 11F-35). 
C4 — Oscillator padder; see coil table. 
C5 — 0.1-pfd. paper. 
C5.— 0.002-4d. mica. 
C7 250-pad. mica. 
Ca — 0.002-4d. mica. 
C2, CIO — 0.01-4d. paper. 
Cu — 5-4d. electrolytic, 50 volts. 
Cu, Cis — 0.002-4d. mica. 
Ri — 50,000 ohms, 34-watt. 
R2, Ra — 250 ohms, 34-watt. 
R4 — 12,000 ohms, %-watt. 
R5— 50,000 ohms, 34-watt. 

T2 — 1600-kc. i.f. transformer (Millen 
64161). 

1600-kc. oscillator transformer (Millen 
65163). 

1.2, Ls, L. — See coil table on page 215. 
Si, S — S.p.s.t. toggle switch. 
RFC —2.5-mh. r.f. choke. 

Fig. 1113— A plan view of the three-tube 
superheterodyne with the coils and tubes re-
moved. The chassis measures 5% X 9% X 
1% inches and the panel size is 10% X 6 inches. 

C' 

T3  

Phones 

The plates and screens of a 1 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 drain for medium-size "B" 
batteries. The receiver will operate satisfac-
torily, although with somewhat reduced vol-
ume, using a single 45-volt battery for "B" 
supply. 
The parts arrangement is shown in the 

photographs of Figs. 1113 and 1114. The 
mixer tuning condenser, C1, is at the right. 
The bandspread oscillator tuning condenser, 
Ca, is in the center, controlled by the Na-
tional Type-A 334-inch dial, and the band-
set condenser, C2, is at the left. 

• 

Fig. 1114 —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, 
care should be taken to keep the plate 
and grid leads from the i.f. transformer 
short and well separated. A four-wire 
cable is used for power-supply connec-
tions. The headphone tip jacks may be 
seen near the upper right-hand corner. 
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Referring to the top view, Fig. 1113, the i.f. 

section is along the rear edge, with T1 at the 
right. Next is the socket for the 6SK7, then T2, 
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 socket. 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, Cg, 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. 1113. Power-
supply connections should be soldered to the 
6K8 socket prongs before the socket is mounted, 
and these leads brought down through a hole in 
the chassis. 
C1 and C2 are mounted directly on the chas-

sis. Cg is held from the panel by means of a 
small bracket made from metal strip, bent so 
that the condenser shaft lines up with the dial 
coupling. A baffle shield made of aluminum 
separates the oscillator and mixer sections; this 
shield is essential to prevent coupling between 
the two circuits which might otherwise 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. 

GNO 

OSCILLATOR 

C3 

12 

LI 

1500-400 ac. 

MIXER 
GR1 D 

05C. 
GRID 
COND. 

MIXER 

05 PLATE 
TOP OF SOCKET VIEWS 

ANT 

ANT. OR 
GN O. 

LOW-FREQUENCY MIXER COILS 

Fig. 1115 — How the coils for the three-tube super-
heterodyne are constructed. On the hand-wound oscilla-
tor and mixer coils, all windin gs are in the same direction. 

The coils are wound as shown in Fig. 1115. 
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 kc. 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 

COIL DATA FOR THE THREE-TUBE SUPERHETERODYNE 

Range 
Turns 

A — 78-154 Ice  
168-360 kc  
400-1500 kc  

B — 1.8 to 3.2 Mc. (160 meters)  
C — 3.00 to 5.7 Mc. (80 meters)  
D — 5.4 to 10.0 Mc. (40 meters)  
E — 9.5 to 18 Mc. (20 meters)  
T — 110 to 30 Mc. (10 meters)  
G — 30 to 60 Mo. (5 meters)  

Li 

30 mh. 
8 mh. 

2.5 mh.* 
58 
32 
18 
10 
8 
3 

L2 

1 mh. 
1 mh. 

10 
8 
8 
8 
4 
3 

Ls Li L3 Tap 

85 

42 
27 
22 
12 
6 
334 

12 

11 
9 
9 
3% 
2% 
1 

Top 

Top 
Top 
12 

2% 
1 

Ct 

300 gpfd. 

75 pfd. 
100 ppfd. 
0.002 pfd. 
400 eemfd• 
400 pfd. 
300 ppfd. 

*See Fig. 1115 and text for details. C4 is mounted insidjoscillator coi form; see Fig. 1115 Bandspread taps on La 
measured from bottom ("B" + end) of coil. La-A and Li-B coils close-wound with No. 22 enameled wire; /41-B 
close-wound with No. 20 enameled; all other grid coils (Li and Ls) wound with No. 18 enameled, spaced to give a 
length of 1 % inches on a 1 Winch 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). Antennaand plate coils, /4 and Lg, are close-wound with 
No. 24 enameled, spaced about 34th-inch from bottoms of grid coils, except for La-G, which is interwound with La. 
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Fig. 1116 —The modified three-tube superheterodyne receiver 
with the audio amplifier stage added for loudspeaker operation. 

mixer coil is a Hammarlund 2.5-mh. r.f. choke, 
with the pies tapped as shown in Fig. 1115. 
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' tó 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. Cg 
should be set near minimum and Cg tuned from 
minimum until a signal is heard. Then C1 is 
adjusted for maximum signal strength. If Ca 
is set at the high-frequency end of an amateur 
band, further tuning should be done with Cg, 
and the band should be found to cover aboilt 
75 per cent of the dial. C3 can of course be used 
for bandspread tuning outside the amateur 
bands. It is convenient to calibrate the re-
ceiver, using homemade paper scales for the 
purpose as shown in Fig. 1111. Calibration 
points may be taken from incoming signals of 
known frequency, from a calibrated test oscilla-
tor, or from harmonics of a 100-kc, oscillator as 

6.3,4 - 250+ 

described in Chapter Nineteen. The 
mixer calibration need only be ap-
proximate, since tuning of the mixer 
circuit has little effect on the oscilla-
tor frequency. It is sufficient to make 
a 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 Cg set at 1500 
kc., the entire band will be covered on 
Cg. It is necessary, however, to change 
the tap on the mixer coil to make the 
antenna circuit cover the entire band. 
Only one oscillator coil is needed for 
the range from 75 to 1500 kc., but a 
series of coils is needed to cover the 
same range in the mixer circuit. 
Adding an audio stage to the 

three-tube superhet — Very fre-
quently the builder of a small receiver 
wishes it to operate a loudspeaker. The 
three-tube receiver just described is de-
signed for headphone operation, but 

readily can be converted to a four-tube set for use 
with a speaker. For this purpose a 6F6 pentode 
can be added to the circuit diagram, as shown 

Fig. 1117 — Power-supply circuit for the three-tube super. 
Ci — 8-afd. electrolytic, 450 volts. 
C2 — 16-afd. electrolytic, 450 volts. 
Ri — 5000 ohms, 10-watt. 
Li — 10 henrys, 65 ma. 
Ti —275 to 300 volts each side center tap, 60-70 ma.; 

6.3 volts at 1 ampere or more; 5-volt 2-ampere 
rectifier filament winding. 

Si — S.p.s.t. toggle switch. 
A dual-unit electrolytic condenser may be used. Output 
voltage will be approximately 250 at full receiver load. 

in Fig. 1118. Figs. 1116 and 1119 show how 
the receiver looks 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 6F6. 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 

Fig. 1118—Circuit diagram of 
the pentode audio amplifier stage 
for loudspeaker operation of the 
three-tube superheterodyne. Ex-
cept as noted below, values forcom. 
ponents correspond to those bear-
ing the same numbers in Fig. 1112. 
C14 — 0.1-pfd. paper. 
Cu — 25-afd. electrolytic, 50 volt. 
Re — 120,000 ohms, j4-watt. 
R7— 500,000-ohm volume con. 

trol. 
Re — 400 ohms, 1-watt. 
J — Closed-circuit jack. 
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Fig. 1119 — The additional parts for the audio output stage can 
be identified in this sub-chassis view of the three-tube receiver. 

be inserted. The volume control, R7, 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. 
1119, the 6F6 socket is in the upper left corner, 
along with the cathode resistor and by-pass 
condenser, Rg and C18. The coupling condenser, 
C14, and the plate resistor, R8, are mounted on 
an insulated lug strip near the volume control. 
The 6F6 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 cable is used to provide an 
extra lead for the purpose. The first three tubes 
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 reg-
ulated by a VR105-30 regulator tube. A suit-
able power-supply circuit is shown in Fig. 1117. 
The primary winding of the speaker output 

transformer always should be connected 
in the plate circuit of the 6F6. 
Operation without the plate circuit 
closed is likely to damage the screen-
grid. Any speaker having a transformer 
with a primary impedance of 7000 
ohms will be satisfactory ; a permanent-
magnet dynamic is convenient, since 
no field supply is necessary. 

Fig. 1120— A 7-tube superheterodyne using 
regeneration in the i.f. amplifier to give single-
signal reception and improved image ratio. 
The dial (National ACN) may be directly 
calibrated for each amateur band. The chassis 
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, R15, the i. f. gain control, 
Ric, the audio volume control, R17, and the 
beat-oscillator vernier condenser, Cl,. 'I'he 
latter has the corner of one rotary 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. 

A Regenerative Single-Signal 
Receiver 

An inexpensive amateur-band re-
ceiver using i.f. regeneration for single-
signal reception is shown in Fig. 1120. 
Fig. 1121 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 re-
ceiver is designed to give the maxi-
mum of performance, in the hands of 
a capable operator, at minimum cost; 
selectivity, stability and sensitivity 
are the primary considerations. 
The mixer, a 6SA7, is coupled to 

the antenna and is separately excited 
by a 6J5 oscillator. There is a single 
460-kc. i.f. stage, using a 6SK7 and 
permeability-tuned transformers. The 
second detector and first audio ampli-

fier is a 6SQ7, and the audio output tube for 
loudspeaker 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, Cg, which is operated by the calibrated 
dial. Cg is the oscillator band-setting condenser. 
The mixer circuit is tuned by C1. Regenera-
tion in this circuit is controlled by R18, con-
nected across the mixer tickler coil, Lg. 
R18 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 
thé 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. 
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Fig. 1121— Circuit diagram of the single-signal superhetrodyne receiver with regenerative id. and mixer stages. 

  00000J—• 
«I_ RFC 

CI, Ca —.50-ppfd. variable (Ham-
marlund MC-50-S). 

Ca — 35-pfd. variable (National 
UM-35). 

C4 — 50-mpfd. mica. 
C5, Ce, C7, Cs — 0.1-pfd. paper, 

600 volts. 
Co, Cio, Cii, Cia — 0.01-pfd. paper, 

600 volts. 
C13, CI4 — 0.005-pfd. mica. 
Ci — 3-30-pfd. trimmer (National 

M-30); see text. 
CI8 — 250-ppfd. mica. 
Cl?, C18, C22 — 100•µMfd. mica. 
CHI, Cao — 25-pfd. electrolytic, 50 

volts. 

0-X 

VR-I05 
Ail ers 

C21 — 25-gpfd. variable (Hammar-
lund SM-25). 

Ri —  200 ohms, 3,¡-watt. 
Ra —  20,000 ohms, 3/2-watt. 
Ra, R4, R5 50,000 ohms, 34-watt. 
Re —  300 ohms, 34-watt. 
R7 — 0.2 megohm, 34-watt. 
R8 —  2000 ohms, 34-watt. 
Ro — 1 megohm, 34-watt. 
Rio — 0.1 megohm, 
— 0.5 megohm, %-watt. 

R12 — 450 ohms, 1-watt. 
Ria — 75,000 ohms, 1-watt. 
R14 — 5000 ohms, 10-watts. 
Ris —  10,000-ohm volume control. 
Rie — 25,000-ohm volume control. 

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 sec-

Fig. 1122 — Top view of the 7-tube superheterodyne with plug-
in coils removed. Placement of the parts is discussed in the text. 

Smag Cap to 
diode plates 

6C5 

R17— 2-megohm volume control. 
R18 — 2 megohms, %-watt. 
Ti — 460-kc. permeability-tuned i.f. 

transformer, intersta ge type 
(Millen 64456). 

Ta — 460-kc. permeability-tuned i.f. 
transformer, diode type 
(Millen 64454). 

Ta — 460-kc. beat-oscillator trans-
former (Millen 65456). 

RFC — r.f. choke. 
J — Closed-circuit jack. 
Si, Sa — S.p.s.t. toggle. 
14—Ls, inc. — See coil table. 
X indicates the jumper inside the 

VR105-30 tube base. 

tion of the tube. R18 is the a.v.c. load resistor; 
R9, C14 and C12 constitute the a.v.c. filter cir-
cuit. 82 cuts the a.v.c. out of circuit by ground-
ing the rectifier output. The headphones are 
connected in the plate circuit of the triode 
section of the 6SQ7. R17 is the audio volume 
control potentiometer. 

The top and bottom views, Figs. 
1122 and 1123, show the layout clearly. 
The bandspread tuning condenser, 
Cs, 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 di- • 
rectly 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 edge of 
the chassis behind Ci; the oscillator 
coil socket is between C2 and Cs. 
The i.f. and audio sections are along 

the rear edge of the chassis. The trans-
former in the rear left corner is Ti; 
next to it is the i.f. tube, then 7'2. 
Next in line is the 6SQ7, followed by 
the 6C5 beat oscillator, the b.o. trans-
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former, T3, and finally the 6F6. 
The VR105-30 is just in front of 
T3. The i.f. transformers should 
be mounted with their adjusting 
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 in-
sulated 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 
i.f. 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. 1124, 
and complete specifications are 
given in the coil table. Ticklers (L3) for the 
mixer circuit are scramble-wound to a diam-
eter which will fit readily inside the coil form 
and mounted on stiff leads going directly 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 bending the tickler coil 
with respect to the grid coil. Maximum feed-
back is secured with the two coils coaxial, min-
imum 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 R15 set at one-half to three-fourths of its 
maximum resistance. 

MIXER 

ANT 

Fig. 1123— The below-chassis wiring and location of parts is shown in 
this bottom view of the seven-tube regenerative single-signal receiver. 

OSCILLATOR 

G +B 

TOP OF SOCKET VIEWS 

Fig. 1124 -- Mixer and oscillator coil and socket con-
nections for the seven-tube superheterodyne receiver. 
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The oscillator circuit has been adjusted to 
make the proper value of rectified grid current 
flow in the 6SA7 injection-grid (No. 1) circuit 
on each amateur band. This calls 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 oscillator 
may "squeg." This is of no consequence unless 
the receiver is to be used for listening outside 
the amateur bands, in which case it may be cor-
rected by taking a few turns off the tickler coil, 
L5. This can be done only at some sacrifice of 
conversion efficiency in the amateur hand for 
which the coil was designed, however. 
The i.f. amplifier can be aligned most con-

veniently with the aid of a modulated test oscil-
lator. The initial alignment should he 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 sock-
ets, and R15 should be set at zero resistance. 

Connect the test oscillator output across C1, 
which should be set at minimum capacity. Ad-
just the test-oscillator frequency to 460 kc. 
Then, using a modulated signal, adjust the 
trimmers on T1 and T2 for maximum volume. 
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 hie 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 
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COIL DATA FOR 7-TUBE SUPERHET 

Wire 
Band Coil Size Turns Length Tap 

1.75 Mc. Li 24 70 Close-wound 
Ls 24 15 
LS 22 15 
L4 22 42 Close-wound 
L5 24 15 

8.8 Mo. Li 22 35 
Ls 22 9 " " 
Ls 22 12 
L4 22 25 1 inch 18 
L5 22 10 Close-wound — 

7 MO. Li 18 20 1 inch 
Ls 22 5 Close-wound — 
LS 22 9 
L4 18 14 1 inch 6 
L5 22 6 Close-wound 

14 Mo. Li 18 10 1 inch 
L2 22 5 Close-wound 
LS 22 7 
L4 18 7 1 inch 
L5 22 4 Close-wound 

28 Mo. Li 18 4 1 inch 
Li 22 4 Close-wound 
LS 22 1.5 — 
L4 18 3.6 1 inch 
L5 22 2.4 Close-wound 

All coils except Ls are 1% inches in diameter, 
wound with enameled wire on Hammarlund SWF 
Forma. Spacing between Li and L2, and between 
L4 and Ls, is approximately h inch. Band-spread 
taps are oounted from bottom (ground) end of L. 
LS for 28 Mc. is interwound with Li at the bottom 

end. LS for all other coils is self-supporting, scramble-
wound to a diameter of ei inch, mounted inside the 
coil form near the bottom of Li. 

Top 

2.4 

1.4 

Mc., 75 per cent; 7 Mc., 95 per cent; 14 Mc., 
90 per cent; 28 Mc., 45 per cent. Set the 
mixer regeneration control, R1g, for minimum 
regeneration — i.e., with no resistance left in 
the circuit. 
Now connect an antenna to the input termi-

nals for Lg. Switch the beat oscillator on by 
turning Cg1 out of the maximum position, and 
adjust the trimmer screw on T3 until the char-
acteristic beat-oscillator hiss is heard. 

Next tune C1 slowly over its scale, starting 
from maximum capacity. Using the 7-Mc. 
coils as an example, when CI is at about half 
scale there should be a definite increase in 
the noise level as well as in the strength of the 
signals which may be heard. Continue on past 
this point toward minimum capacity until a 
second peak is reached on C1; at this peak the 
input circuit is tuned to the frequency which 
represents an image in normal reception. The 
oscillator in the receiver is designed to work on 
the high-frequency side of the incoming signal, 
so that C1 always should be tuned to the peak 
which occurs with most capacity. 

After the signal peak on C1 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 Cg 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 Cg, 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 Cg may be reset readily when 
changing bands. 
To check the operation of the mixer regener-

ation, tune in signal on C3, adjust C1 for 
maximum volume, and slowly advance the 
regeneration control, R1g. As the resistance is 
increased, retune C1 to maximum, since the 
regeneration control will have some effect on 
the mixer tuning. As regeneration is increased 
signals and noise both will become louder, and 
CI 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 R16 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 rower fre-
quencies, where images are less serious, the 
tuning is less critical if the mixer is made non-
regenerative. In this case, always set R1g 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 resist-
ance. 

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 
L3 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 La is properly adjusted to produce 

After the preceding adjustments have been 
completed the i.f. regeneration may be added. 
Install C1g, taking out the adjusting screw and 
bending the movable plate to make an angle 
of about 45 degrees with the fixed plate. Re-

+5 

Fig. 1125 — Power-supply for the regenerative superhet. 

CI, Ca — 8-pfd. electrolytic, 450 volta. 
Cs — 16-pfd. electrolytic, 450 volts. 
Ri — 25,000 ohms, 10-watt. 
Li, Li — 12 henrys, 80 ma., 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 275 to 300 volts with full receiver load. 
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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 
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 band spread 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 de-
scribed in Chapter Nineteen. Ten-kilocycle 
points can be plotted if a 10-ke. 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 (Bib. 2). The circuit 
of a suitable power supply is given in Fig. 1125. 

1852 

UV. -5+ 

Fig. 1126 — Circuit diagram of the simple preselector. 

CI, Ca— 15-gmfd. midget variable (National UM-15). 
Ci, C4 — 3-30-pufd. Isolantite-insulated mica padder 

(National M-30). 
Ca — 0.002-pfd. mica. 
Co, C2, Cs — 0.01-pfd. paper, 400 volts. 
— 150 ohms, 3/2-watt. 

R2 — 5000-ohm variable. 
Ra — 60,000 ohms, 1-watt. 
— 14 Mc.: 9 turns No. 20, diameter 1% 

length 1 inch. 
28 Mc.: 4 turns No. 20, diameter IA inches, 

length 1 inch. 
Li — Close-wound at ground end of Li; 3 turns for 14 

Mc., 2 turns for 28 Mc. 
La — Same as Li but tapped 3 turns from ground end for 

14 Mc. and 1 turn from ground for Z8 Mc. 
La— Same as La, on same form as Li. 

inches, 

Fig. 1127— Top view of the preselector. The padder 
condensers are mounted inside the plug-in coil forms. 

(1, A Regenerative Preselector 

A separate preselector unit, consisting of 
an r.f. amplifier which may be inserted be-
tween the antenna and receiver, is an ex-
tremely useful device. Its use is especially 
beneficial on the 14- and 28-Mc. bands where 
image response becomes bothersome with 
superheterodyne receivers using intermediate 
frequencies of the order of 455 ka., since the 
added selectivity practically wipes out the 
image. Also, the gain of most receivers drops 
off on these two bands as compared with the 

gain on the lower fre-
quencies, so that the 
additional amplifica-
tion of the preselector 

I-4 Shield is helpful in building 
up the weaker signals. 
A simple preselector 

for these two bands is 
shown in Figs. 1127 

and 1128. As shown in the circuit diagram, Fig. 
1126, the amplifier tube is an 1852, with tuned 
grid and plate circuits. The tuning condensers, 
C1 and C2, are ganged for single-control tuning. 
The unit is built on a 7 X 7 X 2-inch chassis. 

Fig. 1127 shows the arrangement of parts on 
"top. The grid-circuit coil is at the left rear cor-
ner, with the 1852 directly in front of it. An 
L-shaped shield partition separates the grid 
circuit from the plate coil, L3, which is in the 
right front corner. The sockets for both coils 
are mounted above the chassis on small metal 
pillars. The ganged tuning condensers are 
mounted in line in the center of the chassis. 
They are mechanically connected together, 
and to the shaft bearing on the front panel, by 
flexible couplings. The antenna binding posts 
and the cords for power and r.f. output come 
through the rear edge of the chassis. It is necee-

L3 
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Fig. 1128 — Below-chassis view of the preselector. Note 
the manner of grouping the by -pass condensers about the 
tube socket to provide shielding between grid and plate. 

sary to cut a rectangular hole in the lower part 
of the back of the cabinet to make the connec-
tions accessible. 
The below-chassis view, Fig. 1128, shows 

how the condensers are grouped about the 
tube socket. The mica condenser, Cs, is fas-
tened vertically across the socket as close to 
it as possible (allow room for the tube-centering 
pin to project through the socket) t» provide 
shielding between the grid and plate prongs. 
The additional cathode by-pass, Cg, and the 
screen by-pass, C7, also are mounted across 
the socket on either side of the mica condenser, 
thus providing additional shielding. With the 
exception of the ground on C1, all r.f, ground 
connections are made to one lug on the side 
of the ring holding the tube socket to the chas-
sis. Shielding about the output leads from Li is 
essential, to prevent unwanted feed-back and 
also to reduce signal pick-up on the line going 
to the receiver. The shield should be continued 
up to the antenna terminals of the receiver 
with which the preselector is used. The wires 
should be connected to the "doublet" termi-
nals on the receiver, and the shield should be 
tied to the receiver ground terminal or chassis. 
The shield also must be grounded to the pre-
selector chassis. This connection between the 
preselector and the receiver chassis is essential 
for good performance. 

Because of the high transconductance of the 
1852, very little coupling is needed between 
input and output circuits to cause self-oscilla-
tion when both circuits are tuned to the same 
frequency. The box containing the unit pro-
vides part of the shielding between the two 

circuits, in addition to that provided by the 
baffle. This simple shielding is not complete 
enough to prevent self-oscillation, however, so 
the plate of the tube is tapped down on L3 to re-
duce the feed-back. The tap should be located 
so that the circuit goes into oscillation with the 
gain control, R2, at about half scale or less. 
The controlled regeneration greatly increases 
the gain and selectivity over that obtainable 
without regeneration. 

Initial adjustments are simple. With the re-
ceiver and preselector turned on, first tune the 
plate trimmer, C (C4 and C3 are mounted inside 
the coil forms), for maximum noise, with R2 near 
maximum (least resistance). This adjustment 
will be found fairly critical. The tuning con-
denser should be set at about half scale, and the 
receiver should be tuned to about the middle of 
the band, Then set R2 at minimum gain (resist-
ance all in) and adjust C3, the grid padder, for 
maximum noise output. The adjustments may 
be made on a signal as well as on noise. Next, 
advance R2 a little at a time, simultaneously 
swinging C3 through resonance, until oscilla-
tions commence. Back off R2 to the point just 
below oscillation and readjust C3 and Cg for 
maximum output. When the lid of the cabinet 
is closed after completing this adjustment the 
feed-back will decrease, and R2 must be ad-
vanced more to obtain oscillation. It is not 
necessary to work near the critical regenera-
tion point under normal conditions, however, 
so that actual tuning is not critical. The prese-
lector must, of course, be kept in tune with the 
receiver as the latter is tuned over the band. 
Should the circuit oscillate at all settings of 

R2, the plate tap should be moved nearer the 
bottom of 14. If it does not oscillate at any set-
ting, move the tap toward the plate end until 
oscillation starts with R2 set at about half scale. 
The improvement in gain and in reduction of 

image response will depend upon the amount of 
regeneration used. With average-strength sig-
nals and regeneration below the critical point 
for easy tuning, the signal-to-image ratio will 
be improved by a factor of 40 to 50 on 28 Mc., 
and by 100 or more on 14 Mc. Used with the 
average receiver having one r.f. stage ahead of 
the mixer, this means that the over-all image 
ratio will be of the order of 5000 on 14 Mc. and 
about 400 or 500 on 28 Mc. The voltage gain 
will be about 100 under the same conditions. 
Greater selectivity and gain can be obtained 
by working closer to the critical regeneration 
point. 
Power for the preselector may be taken from 

the receiver, since the drain is small. 
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C HAPTER TWELV E 

ransmitter Construction 

IN THE descriptions of apparatus to 
follow, not only the electrical 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, but 
of equivalent quality and having the same 

6L6 

Cab/e 

3V. 

ANT. 

Fig. 1201 — Circuit 
diagram of the simple 
tetrode oscillator. 
Ci — 250-gpfd. midget 

variable (National 
STF1250). 

C2 — 0.001-idd. mica. 
Ca, C4, Ca — 0.01 -pfd. 

H.V. paper. 
RI —20 0 ohms, 2. 

watt. 
— 15,000 ohms, 2. 
watt. 

RFC —2.5-mh. r.f. choke. 
Li — 1.75 Mc. — 42 turns No. 22 e., 2 inches long. 

3.5 Mc. —21 turns No. 18 e., 2 inches long. 
7 Mc. —15 turns No. 18 e., 2 inches long. 

All coils wound on 4-prong, 1%-inch diameter forms. 

electrical specifications, may be 
substituted in most cases. 
Any unusual characteristics 

in tuning or operation are ex-
plained in the text describing 
the construction of each unit in 
this chapter. 

For straightforward trans-
mitter adjustments, such as the 
tuning and neutralizing of stand-
ard circuits, the reader should 
consult Chapter Four. Chapter 
Ten contains the information on 
the adjustment of antenna tun-
ers with various types of an-
tennas. Keying systems are 
treated in Chapter Six. The con-
struction of meter shunts is 
covered in Chapter Nineteen, 
while operating data on trans-
mitting tubes not specifically 

included in this chapter will be found in the 
vacuum-tube tables of Chapter Twenty-One. 
To reduce repetition and make possible a 

treatment of wider scope, liberal reference will 
be made to other chapters in this Handbook. 

di. A Simple Tetrode Oscillator 

The unit shown in Figs. 1201-1202 repre-
sents one of the simplest types of amateur 
transmitters. The various parts are assembled 
on a breadboard purchased already finished 
at a "dime" store. Rubber feet at the corners 
elevate the base to clear mounting screws. A 
"ground" wire is run from one side of the 
crystal socket to one side of the coil socket, to 
which all ground connections shown in the 
diagram are made. 

Since parallel plate feed is used, the only ex-
posed high-voltage points are the plate-circuit 
r.f. choke and the high-voltage power terminal. 
Grid bias is obtained entirely from the cathode 
resistance. Either simple voltage feed to a half-
wave antenna or an antenna a multiple of one-
half wavelength long, or link coupling to an 
antenna tuner by adding a link winding at the 
bottom of the form as indicated in the diagram, 
may be used. 

Although a 6L6 tube is shown in the photo-
graph, a 6V6 might be used at lower plate volt-
age without circuit alteration. Any available 
power supply delivering up to 450 volts or so 
may be used, the power output obtainable in-
creasing with the voltage applied. The unit 
shown in Fig. 1203 is suitable. The two units 

Fig. 1202 — A simple breadboard crystal-controlled transmitter. The grid 
r.f. choke is located between the crystal and 6L6 and the plate choke is to 
the right of the tube. The cathode and screen resistors are to the rear of the 
6L6. The blocking condenser, C41 is b«weça the tube and tank condenser, 

225 



226 THE RADIO AMATEUR'S HANDBOOK 

Fig. 1203 — This power supply delivers 450 volts at a 
full-load current of 130 ma., with 0.3 per cent ripple and 
measured regulation of 17 per cent. If converted to a 
choke-input filter by inserting 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. 1204. 

are connected by a four-wire battery cable with 
a four-prong plug at the power-supply end to fit 
the outlet in the power supply. 

Since the circuit is not designed for fre-
quency doubling, a separate crystal will be re-
quired for each frequency to be used. 
Tuning — A milliammeter with a scale of 

100 or 200 ma. should be connected in series 
with the key, as shown in Fig. 1201, as an aid in 
tuning. With a suitable coil and crystal in place 
and the high voltage turned on, a rise in plate 
current should occur when the key is closed. 
The plate tank condenser, C1, should then be 
rotated until there is a pronounced dip in plate 
current at resonance. If the voltage-fed an-
tenna is used, it may now be connected to the 
antenna terminal and a temporary wire run 
from the antenna terminal to reach the coil, 
LI. Starting at a point one-third or half-way 
up from the bottom of the coil, scrape the wire 
at a spot, being careful not to short-circuit 
turns, and let the antenna wire rest against the 
bare spot. Tuning the transmitter as before, 
the plate-current dip should again be found, 
although less pronounced this time. The tap 
should be moved gradually toward the top of 

TR 

To 110V..A.0 

the coil until only a slight dip in plate current 
is observed as the plate tank circuit is tuned 
through resonance. At each adjustment of the 
antenna tap, the transmitter should be tested 
to make sure that the circuit keys well. Should 
a point be reached where it is difficult to get 
the crystal to start, the tap should be backed 
off somewhat. It will be found possible to load 
up the circuit more with certain crystals than 
others, while still maintaining good starting 
and keying characteristics. When a satisfactory 
point has been found, the tap may be soldered 
in place permanently and a connection made 
through one of the unused pins on the coil form. 

With a 6L6 tube and a plate supply deliver-
ing 400 volts, the screen voltage will be about 
250 volts. The tube will draw about 75 ma. non-
oscillating, dipping to about 50 ma. at reso-
nance with the antenna disconnected. It should 
be possible to load up the circuit until the tube 
draws about 80 ma. at resonance. Under these 
conditions, the power output on each band 
should be 15 to 20 watts. 

tit A Low-Power Antenna Tuner 

If an antenna with tuned feeders is used, the 
antenna tuner shown in Figs. 1205-1206 may 
be used to couple the 6L6 oscillator-transmitter 
to the feeders. The link winding of the trans-
mitter and that of the antenna tuner should be 
connected with a pair of closely spaced wires. 
The circuit, shown in Fig. 1205, is arranged 

so that different tuning combinations may be 
obtained by shifting the clips F, G and H. 
When F is connected to A, H is connected to D, 
and B and C are connected together, the two 
sections of C1 in series are connected across Li, 
forming a low-capacity parallel-tuned circuit. 
When H is connected to E and G to D, the 
other connections remaining the same, a high-
capacity parallel circuit is obtained. For series 
tuning, H is connected to E, F to B and G to C. 
A low-capacity series-tuned circuit is provided 
by connecting F to B and H to C. 

Dimensions are given for antenna coils of 
four different sizes, which are approximately 
correct for the band indicated when parallel 
tuning is required. For series tuning, the coil 
for the next-higher frequency band usually will 
be satisfactory. In some cases, where the feed-
ers are not close to exact multiples of one-
quarter wavelength for the frequency in use, 
slight alterations in coil dimensions may be re-

Fig. 1204 — Circuit diagram of the 
450-volt 130-ma. power-supply unit. 
C1 — 4-pfd. 600-volt electrolytic (Mal-

lory 11S691). 
C2 -  8-pfd. 600-volt electrolytic (Mal-

lory 11S693). 
L — Filter choke, 10 henrys, 175 ma., 

100 ohms (Utah 4667). 
R — 15,000 ohms, 25-watt. 
T —  Type 80 rectifier tube. 
Tr —Flower transformer, 400 volts 
each side of center-tap; rectifier fila-
ment winding, 5 volts, 3 amperes; r.f. 
filament winding, 6.3 volts, 6 amperes 
(Utah Y616). 
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Fig. 1205 — A low-power antenna tuner. 
A shows connections to the coil socket. 

CI has a capacity of 140 Add. per section 
(Hammarlund MCD-I40). L is a 250-ma. 
dial light, No. 46. N is a 4-watt neon bulb. 
X is a grounded piece of metal which pro-
vides capacitive coupling for igniting the 
neon bulb. S is a switch or clip used for short-
circuiting the lamps after tuning. 
B shows the connections to the 6-prong coil 

form. Li, whose approximate dimensions are 
given below, is wound in two sections, with 
the link winding, La, in between them. 
Li — 1.75 Mc. — 20 turns No. 22 e.. ,11/2 -inch long each 

section, 1/2 -inch between sections, 40 turns total. 
3.5 Mc. — 11 turns No. 20 e., 4-inch long each 

section, 1/2 -inch between sections, 22 turns total. 
7 Mc. — 6 turns No. 20 e., '%-inch long each sec-

tion, 1/2 -inch between sections, 12 turns total. 
14 Mc. — 3 turns No. 20 e., 1/2 -inch long each 

section, 1/2 -inch between sections, 6 turns total. 

quired to permit tuning the system to reso-
nance. The high-capacity circuits usually will 
be required for the lower frequencies, while the 
low-capacity connections will serve for the 
higher frequencies. Coupling may be adjusted 
by altering the number of turns in the windings 
at each end of the link line. 
Construction — The two uprights and the 

strip supporting the indicating lamps are 
pieces of "1 by 2" stock. The uprights are each 
13 inches long and the cross-strip 12 inches 
long; these dimensions may be changed to suit 
the constructor. The shelf for the condenser and 
coil is made of a piece of crate wood 4% inches 
wide. The panel is of plywood 7 inches high. 
The dial lamps are soldered to a pair of par-

allel wires supported at each end on small 
stand-off insulators. The bottom of the neon 
bulb is soldered to a short piece of wire between 
a third pair of stand-offs. The piece of grounded 
metal next to the neon bulb is about 14 inches 
square. This provides a capacity to ground which 
enables the neonbulb to operate without touch-
ing the hand to it. 
The socket for the plug-in coil is mounted on 

the shelf with spacers and wood screws. The 
shield between the two sections of the variable 
condenser is removed to permit mounting it by 
a screw through the hole in the ceramic to the 
shelf. The shaft of the condenser is cut off and 
an insulating coupling inserted between the 
. shaft and the control knob. The contacts for 
shifting connections consist of machine screws 
set in a small strip of bakelite. 
The neon bulb and the dial lamps can be 

used to indicate resonance in the antenna cir-
cuit and relative (not actual) power output. 
The lamps will be useful whenever the length 
from the far end of the antenna to the feeder 
terminals is near an odd multiple of one-
quarter wavelength for the frequency of opera-
tion, while the neon bulb will be useful where 
the length is near an even multiple. In tuning 
with the lamps, all sockets should be filled at 
the start. If, as an indication of resonance is 
obtained by an increase in plate current, the 
lamps show no indication, they should be re-
moved, one at a time, until the remaining 

The number of turns for the 
link winding, L2, will vary 
from 2 to 8 turns, depending 
upon coupling required for 
proper loading. All coils are 
wound on Hammarlund 6. 
prong 11/2 -inch diameter forms. 

lamps start to glow. Sufficient lamps should be 
kept in the circuit to prevent danger of burn-
out. After the antenna has been tuned for 
maximum power output, the lamps should be 
short-circuited with the clip. 
When using the neon bulb, the grounded 

metal plate should be bent near it until the bulb 
lights (assuming the transmitter is tuned to 
approximate resonance by the plate-current 
meter). The plate should be no closer to the 
bulb than necessary for satisfactory indication. 

q Complete 15- to 25-Watt Oscillator 
Transmitter 

The three units of Figs. 1202, 1203 and 1206 
may be combined to form a simple, inexpensive 
low-power transmitter, complete from power 
supply to antenna tuner. 

For convenience and economy of space, the 
units may be assembled on a vertical relay 
rack. The plate milliammeter may be mount-
ed in the antenna-tuner unit, if desired. 

Fig. 1206 — Rear view of an antenna tuner for low. 
power transmitters. Dial lamps and a neon bulb are used 
as r.f. indicators. The unit is made to fit over the trans-
mitter shown in Fig. 1202. Circuit is given in Fig. 1205. 
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IL A Two-Stage 45-Watt C.W. Trans-
mitter Using 6L6s 

The transmitter shown in the photographs 
of Figs. 1207 and 1209 will handle an input to 
the final amplifier o f 45 watts and will provide 
output, with crystals of proper frequencies, in 
any of the amateur bands from 1.75 to 14 Mc. 
The unit is complete from power supply to 
antenna tuner. 

Referring to the circuit diagram of Fig. 
1208, a 6L6 in the Tri-tet oscillator oircuit 
provides excitation for the amplifier at either 
the fundamental frequency of the crystal or 
its second harmonic. The second 6L6 is used 
as an inverted amplifier, which eliminates the 
necessity for neutralizing and makes an excep-
tionally fool-proof arrangement. This trans-
mitter is recommended especially for the be-
ginner who has had little previous experience 
with oscillator-amplifier transmitters. The os-
cillator output is coupled to the amplifier in-
put by the small winding, L3, in the cathode 
circuit of the amplifier. 
Both stages are parallel-fed, permitting 

mounting the tank condensers directly on the 
metal chassis without insulation. The trans-
mitter is keyed in the common cathode-return 
lead of both stages. Key connections are made 
through the jack, J. Pin jacks are provided at 
the rear of the chassis for making meter connec-
tions. A milliammeter, connected between the 
center and left-hand pin jacks in the wiring 
diagram, registers oscillator-cathode current. 
Connecting the meter between the central and 
right-hand jack permits reading of the ampli-
fier-cathode current. Shorting the meter jacks 
when the meter is not in the circuit is not re-
quired, since the cathode circuits remain closed 
through the shunting resistors, R2 and R4. 
An antenna tuner with provision for either 

series or parallel tuning is link-coupled to the 
amplifier output. 
A condenser-input filter is used in the power 

supply. Resistors Rg, Rig, R11 and R12 are in-
cluded to equalize the voltage drop across the 
sections of the electrolytic filter condensers. 

Construction — A rectangular hole for the 
transformer terminals is cut in the chassis by 
drilling half-inch holes at the four corners and 
sawing out with a hacksaw. The shield between 
the two sections of the split-stator antenna 
condenser, C1g, is removed, leaving a hole by 
which the condenser may be mounted on the • 
chassis with its shaft 4% inches from the end 
of the chassis. The two tank condensers, C1 
and C2, are shaft-mounted in the front edge 
without insulation at a height to bring their 
shafts level with that of C1g. Cg is mounted at 
the center, while the shaft of C1 is located 4% 
inches from the end of the chassis to balance 
Cig. The three antenna terminals are jack-top 
binding posts, insulated from the chassis with 
National button-type polystyrene insulators 
which are drilled out to fit the posts. 
The small parts, such as by-pass condensers, 

blocking condensers, resistors and r.f. chokes, 
are grouped around the points at which they 
connect. All high-voltage wiring is done with 
heavily insulated wire. R.f. wiring is done, for 
the most part, with short, straight sections of 
heavy bare wire, well-spaced from the chassis 
and any near-by components. 
The crystal and cathode-coil sockets are 

wired up as shown in Fig. 1260, and pin jacks 
for making connections to the v.f.o. unit are 
set in the left-hand end of the chassis. It is 
very important that the leads between the pin 
jacks and the cathode-coil socket be kept as 
short as possible. 
The power transformer suggested in the list 

of components is fitted with two sets of high-
voltage secondary terminals. The pair for the 
lower-voltage secondary, marked Nos. 12 and 
14, should be used. 

All coils are wound on 13/2-inch diameter 
forms. Winding data are given in the table of 
components. Where close-wound coils are not 
definitely indicated, the required number of 
turns must be spaced out to fill the specified 
length on the form. 
Tuning -- For preliminary tuning, a crys-

tal and set of coils for the band in which the 
crystal frequency lies should be plugged in. A 

Fig. 1207 — A 45-watt twb-stage 6L6 
c.w. transmitter, complete with power 
supply and antenna tuner. The crystal • 
socket is behind cathode coil, Li, at the 
left-hand end of the chassis. The 6L6 
amplifier tube is between the .oscilla tor 
plate coil, L2, and the amplifier plate 
coil, L4, at the center. The coil at the 
right is L7 in the antenna tuner. Ter-
minals at extreme right are for antenna 
connections. Power-supply components 
are arranged along the rear. The three 
controls in front are for the oscillator 
plate tank condenser, CI, amplifier plate 
tank condenser, C2, and antenna tank 
condenser, Cis, respectively from left to. 
right. The key jack, J, is at the left andl 
the power switch, Sw, at the right. The. 
chassis measures 8 X 17 X 3 inches. An 
insulated shaft coupling is used between, 
the shaft of the antenna-coupler tuning 
condenser, Cis, and the panel-bearing 
assembly in the front edge of the chassis. 
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I 15 V A C. 

Fig. 1208 — Circuit diagram of the two-stage 6L6 45-watt 
C1, C2— 150-µpfd. variable (National ST-150). 
CS 100-pmfd. mica. 
Ci, Cs, Co — 0.001-opfd. mica. 
C7, Ca, Cs, Cis, Cu, Cu, Cis — 0.01-idd. paper. 
C14, Cle — Dual 8-8 dd. 450-volt electrolytic with 4 

leads, sections connected in series. 
Cie — 140-upfd. per section variable (Hammarlund 

MCD-140-M). 
— Closed-circuit jack for key. 

Ri — 0.1 megohm, 1-watt. 
R2 — 500 ohms, 1-watt. 
Ra, R. — 25 ohms, 1-watt. 

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-µpfd. mica condenser mounted in 
form and connected across winding. 

For 7-Mc. crystals — 6 turns No. 22, .5/8"-inch long. 
Lt, L. — 1.75-Mc. band — 55 turns No. 26, 1% inches 

Ion g. 
3.5-Mc. band — 26 turns No. 20, 1% inches long. 
7-Mc. band —15 turns No. 18, 13,4 inches long. 
14-Mc. band — 10 turns No. 18, 134 inches long. 

• — (Wound close to and below La.): 
1.75-Mc. band — 14 turns No. 26, close-wound. 
3.5-Mc. band — 9 turns No. 24, close-wound. 
7-Mc. band — 6 turns No. 20, close-wound. 
14-Mc. band — 4 turns No. 20, close-wound. 

• — 3 to 6 turns as required for proper coupling to 
antenna. LS wound close to and below L4; Le 
wound between sections of 147. 

milliammeter with a scale of 150 or 200 ma. will 
serve for tuning both stages. With the meter con-
nected in the oscillator circuit, the key should 
be closed and C1 tuned until the plate current 
dips near maximum capacity. When the dip 
has been found, the condenser should be set 
slightly on the low-capacity side to assure re-
liable keying. The best setting can be deter-
mined by listening to the transmitter §ignal 
on a receiver, with the receiving antenna re-
moved to prevent blocking. 
With the oscillator correctly adjusted, the 

milliammeter should next be shifted to the am-
plifier plate circuit and C2 similarly tuned for a 
plate-current dip near maximum capacity. 

c.w. transmitter with power supply and antenna tuner. 
Ri — 50,000 ohms, 10-watt. 
Re — 25,000 ohms, 1-watt. 
R7 25,000 ohms, 10-watt. 
Rs — 50,000 ohms, 10-watt. 
Re, R10, Ru, R12 — 0.5 megohm, %-watt: 
RFC — r.f. choke. 
Sw — S.p.s.t. toggle switch. 
T — Combination transformer: 400 volts each side of 

center-tap, 150 ma.; 5-volt 3-ampere filament 
winding for 83 rectifier; 6.3-volt 4-ampere wind-
ing for 6L6s (UTC type S-39; low-voltage 
secondary taps used). 

Li * 1.75 Mc. — 20 turns No. 22, 4-inch long each 
section, with 3.4-inch space between sections, 40 
turns total. 

3.5 Mc. — 11 turns No. 20, 3einch long each sec-
tion, with 3.4-inch space between sections, 22 
turns total. 

7 Mc. — 6 turns No. 20, 3j-inch long each section, 
with ¡4-inch space between sections, 12 turns 
total. 

14 Mc. — 3 turns No. 20, 34-inch long each sec-
tion, with 34,-inch space between sections, 6 
turns total. 

All above coils wound on Hammarlund 1%-
inch diameter forms. Four-prong are used for Li, 
five-prong for all others. 

Ls — Filter choke, 6 henrys, 175 ma. (UTC S29).  
* See text for usage. 

With the same crystal and cathode coil in 
use, the coils for the next-higher frequency 
band may be plugged in and the tuning process 
repeated for this set of coils. The transmitter 
will then be tuned to the second harmonic of 
the crystal frequency, or twice its fundamental 
frequency. Thus output can be obtained in 
two bands from any one crystal, providing its 
second harmonic does not fall outside an ama-
teur band. If the coils are carefully trimmed, it 
will be possible to tune to the crystal fundamen-
tal near the maximum-capacity settings of CI 
and C2 and to the second harmonic near mini-
mum capacity. It should be borne in mind that 
the cathode coil requires changing only in case a 
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crystal is used whose frequency is in a different 
band; the same cathode coil serves for funda-
mental and harmonic operation. 
An inverted amplifier does not operate effi-

ciently as a frequency doubler. Therefore, op-
eration of the amplifier as a second doubler is 
not recommended. This type of amplifier also 
is not recommended for modulation, and there-
fore is not suitable for radiotelephony. 

Tite antenna tuner — By changing the po-
sition of the banana plug which fits the jack-
top output binding posts, as indicated in the 
circuit diagram several combinations may be 
obtained. Placing the plug in terminal No. 3 
and connecting the feeders to terminals 1 and 3 
provides a low-capacity parallel-tuned circuit. 
By placing the plug in the top of terminal 1, 
strapping terminals 2 and 3 together and con-
necting the feeders to 1 and 3, parallel tuning 
with high capacity is obtained. By keeping the 
plug in terminal 1 and connecting the feeders 
between 2 and 3, series tuning with high capacity 
may be secured. Finally, by leaving the plug open 
and connecting the feeders to 2 and 3, the circuit 
becomes one having series tuning with low 
capacity. 
Antenna coils of four sizes are listed among 

the coil data. Using a combination of one of 
these coils with various arrangements of tun-
ing, it should be possible to arrive at a satisfac-
tory tuning and coupling adjustment. The 
dimensions given will be approximately correct 
for parallel tuning in the band indicated. For 
series tuning, the coil for the next higher-
frequency band will be approximately correct, 
if feeder lengths are reasonably close to quar-
ter-wavelength multiples. The output coupling 
may be adjusted, by the process of changing 
the number of turns at each end of the link line, 
to load the amplifier to a maximum plate cur-
rent of 100 to 125 ma. 
When resonance points have been found, the 

proper procedure in tuning is first to set the an-
tenna-tuning circuit well away from resonance, 
and then to tune the oscillator. Next, tune the 
amplifier to maximum plate-current dip, and, 
finaPy, swing the antenna-tuning condenser 

Fig. 1209 — All wiring connec-
tions are made underneath the 
chassis of the 45-watt c.w. trans-
mitter. The sockets, the filter con-
densers, C14 and Cis, and the 
power transformer all are sub. 
mounted. C111118 to the right, C2 at 
the center, and CI at the left. 
Meter pin jacks, with shunting 
resistors, Ra and R4, are mounted 
along the rear edge of the chassis 
at the left. The crystal and cath-
ode coil sockets are wired up as 
shown in Fig. 1260, permitting 
use either of crystal control or of a 
variable-frequency oscillator, as 
desired. The pin jacks along the 
right end of the chassis are for the 
v.f.o. input connections, if used. 
It is highly important that leads 
between the pin jacks and the 
cathode coil socket be kept short. 

into resonance, as indicated by a peak in the 
amplifier plate current. 
By proper adjustment it should be possible 

to obtain a power output of 25 to 30 watts in 
all bands, the higher output power occurring at 
the lower frequencies. With a plate voltage of 
450, an amplifier loading which results in a 
plate current of 100 to 125 ma. ordinarily rep-
resents optimum adjustment; greater loading 
will usually result in a decrease in output. 
The oscillator plate current at resonance 

normally will run between 22 and 32 ma., de-
pending upon frequency and whether or not 
the oscillator is doubling frequency. When op-
erating at the fundamental the oscillator plate 
current will run somewhat higher than when 
doubling, because of the necessity for tuning 
off exact resonance to permit reliable keying. 
With a plate voltage of 450, the oscillator 
screen voltage should be approximately 200 
volts and the screen voltage of the amplifier, 
when tuned and loaded, about 260 volts. 

Fig. 1210 — An inexpensive three-band transmitter 
using an 815 dual beam tetrode as the output tube. The 
transmitter is assembled on a 3 X 5 X 10-inch chassis. 
The oscillator plate coil and amplifier grid coil are wound 
on the small 1-inch form between the 6L6 and the 815. 
The lower control is for the amplifier grid condenser 
which also controls the tunin g of the oscillator plate tank. 
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Fig. 1211 —Bottom view of the 
815 transmitter, showing the 
under-chassis arrangement. The 
dual-section amplifier grid tuning 
condenser, CI, is placed between 
the 815 socket and the coil socket 
for L2 and La, so that the connec-
tions for the tuned circuit can be 
kept short. The cathode coil, Li, 
is wound on a -inch diameter 
form with a sheet of paper placed 
between the winding and the 
form, to facilitate removal. Before 
it is removed the winding is given 
a coating of Duco cement or coil 
dope. The coil terminals are sol-
dered directly to the oscillator 
tube socket. The normal power 
output of the transmitter at the 
maximum rated plate voltage of 
500 should be 50 to 55 watts. 

111. An Inexpensive Three-Band Trans-
mitter Using the Type 815 

Figs. 1210 and 1211 show an inexpensive 
transmitter designed to operate in the 3.5-, 7-
and 14-Mc, bands from a 3.5-Mc. crystal. A 
6L6 Tri-tet oscillator is used to drive a type 
815 in a push-pull amplifier circuit. As shown 
in the wiring diagram, Fig. 1212, the oscillator 
and amplifier stages are coupled inductively, 
while the tuning condenser is connected in the 
grid circuit of the amplifier. Since the 815 is a 
screened tube, no neutralization is necessary 
at the frequencies at which the transmitter 
is designed to operate. 
The 815 operates at all times as a straight 

amplifier. Excitation at 14 Mc. is obtained by 
tuning the plate circuit of the oscillator to the 
fourth harmonic of the crystal frequency. The 
60-ma, dial lamp, B, connected in series with 
the crystal, serves to indicate relative crystal 
r.f. current. 
Tuning — This transmitter is designed to 

operate from a single plate supply delivering 
up to 500 volts at 200 milliamperes or more. 
The unit shown in Fig. 1214 will be satisfactory 
for this purpose, and will also furnish the 6.3-

volt supply required for the heaters. A 45-volt 
"B" battery is also required for biasing the 
815, to limit the plate current to a low value 
when the key is open. 

Fig. 1212 shows how external meters may be 
connected for tuning the transmitter. Setting 
up for any one of the three bands is merely a 
matter of plugging in the coils for the band 
desired, as indicated in Fig. 1213. 

It is advisable to test the oscillator circuit 
first, and the plate and screen voltages should 
be removed from the 815 during this period. 
With voltage applied to the oscillator, the 815 
grid circuit, CiL3, should be brought to reso-
nance as indicated by maximum reading on a 
milliammeter connected in the amplifier grid-
bias lead. The dropping resistor, R4, should be 
set at its full value of 6000 ohms during the 
preliminary testing; to secure proper plate 
voltage, a final setting may be made when the 
power supply is completely loaded by the en-
tire transmitter. The grid current should be in 
the neighborhood of 10 milliamperes on all 
three bands. This may be adjusted by changing 
turns on 1a2, or by detuning C1 if grid current is 
excessive. The oscillator plate current will re-

Fig. 1212— Circuit diagram of the inexpensive three-band transmitter using a type 815 dual-tetrode output tube. 
815 CI — 140-nnfd. per section (Ham-

marlund HFD-140). 
C2— 140-nnfd. per section (Ham-

marlund MCD-140-M). 
CS —200-ppfd. mica. 
C4 — 0.005-pfd. paper, 1600-volt. 
Ca, Co, C7, CS — 0.01-pfd. paper, 

600-volt. 
RI — 200 ohms, 34-watt. 
R2 — 20,000 ohms, 1-watt. 
R3 — 20,000 ohms, 10-watt. 
Ri — 6000 ohms, 25-watt. 
Ra, Re — 5000 ohms, 25-watt. 
RFC1 —2.5-mh. r.f. choke (Na-

tional R-1130). 
RFC2— 1-mh. ri. choke (Na-

tional R-300). 
B — 60-ma, dial lamp. 
Li —21 turns No. 24 d.s.c., close-

wound, %-inch diameter. 
L2, La, Li — See Fig. 1213. 
MAI, MA2, MA3— Milliam-
meters with ranges of 100, 300 
and 25 ma., respectively. 

R3  
%KW 

Key 6.3V. 

-45 

- 4511.4. 
-H.14 

OUTPUT 
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Fig. 1213 — Coil connections and data for the 815 
transmitter. Data for coil Li is given under Fig. 1212. 

L2 
3.5-Mc. — 17 turns No. 

24 d.s.c. 
7-Mc. — 12 turns No. 

22 d.s.c. 
14-Mc. — 9 turns No. 

L3 
54 turns No. 28 d.s.c. 
27 turns each side of primary. 
22 turns No. 22 d.s.c. 
11 turns each side of primary. 
12 turns No. 22 d.s.c. 

22 d.s.c. 6 turns each side of primary. 
Above coils are wound on 1-inch diameter forms (Millen 
45005). Approximately 3-inch spacing between windings. 

L4 
33-Mc. — 40 turns No. 18, 1h-inch diameter, 2% 

inches long (B & W 80-JVL). 
7-Mc. — 24 turns No. 16, 1h-inch diameter, 2% inches 

long (B & W 40-JVL). 
14-Mc. — 14 turns No. 16, 134-inch diameter, 2% 

inches long (B & W 20-JVL). 
Above coils are wound in two sections with half the total 
number of turns each side of center. A M-inch space is 
left at the center to permit the use of a swinging link. 
The Barker and Williamson coils are mounted on five. 
prong bases of the type which plug into tube sockets. 

main almost constant during this tuning, 
there being relatively little power taken from 
the circuit. 

After the oscillator has been checked, the 
amplifier may be put into operation. The screen 
voltage lead should be tapped in between the 
two 5000-ohm resistors, R5 and R6, to reduce 
the voltage applied to the screen grid and thus 
provide a safety factor during the preliminary 
tests. With plate voltage and grid excitation 

applied the off-resonance plate current should 
be 250 ma. or so, dropping to approximately 
25 ma. when the plate circuit is tuned to reso-
nance. A dummy load, such as a lamp, should 
be connected to the final tank circuit and the 
coupling adjusted to bring the on-resonance 
plate current to 150 ma. It may be necessary 
to wind a loop of several turns around the 
tank coil to obtain proper coupling. 

Oscillator plate and amplifier screen-grid 
voltages should be adjusted to about 300 and 
200 volts, respectively, by adjusting the taps 
on the two dropping resistors. It is probable 
that the amplifier plate current will either 
rise or fall at this point, depending upon 
whether the oscillator circuit and the 815 
screen grid take more or less power than they 
did before. If the plate-current change is con-

L, 12 

115 V, AC. 

Fig. 1215 — Circuit diagram of the 450- or 560-volt 200-
ma. power supply shown in the photograph of Fig. 1214. 

— 8 dd. 600-volt electrolytic (Mallory 11S693). 
Li — Input choke, 5-20 henrys, 200 ma., 130 ohms 

(Thordarson T19C35). 
1+2 Smoothing choke, 12 henrys, 200 ma., 130 ohms 

(Thordarson T19C42). 
R — 20,000 ohms, 25-watt. 
Tri — 660 and 550 volts r.m.s. each side of center-tap, 

250 ma. d.c. (Thordarson T-19P55). 
Tri — 5-volt 4-ampere filameht transformer, 1600-volt 

insulation (Thordarson T-63F99). 
Trx— 6.3-volt 3-ampere filament transformer. 

Fig. 1214 — This power-supply unit delivers either 450 or 560 volts 
at a full-load current of 200 ma. with 0.3 per cent ripple and meas-
ured regulation of 16 per cent. Taps are provided on the transformer 
secondary for the lower voltage. The chassis measures 7 X 17 X 3 
inches and the panel 8% X 9 inches. Only the terminals of the fila-
ment transformer and chokes appear above the chassis, and these 
units are placed so that there is little danger of accidental contact. 
A 6.3-volt 3-ampere filament transformer is included for heating the 
filaments of the r.f. tubes. It is mounted underneath the chassis 
and its output terminals are brought out to a 115-volt receptacle 
at the rear. The circuit diagram of the supply appears in Fig. 1215. 

siderable, it will be wise to readjust 
the loading on the final and then make 
another check of the various voltages. 
With all voltages at the proper 

values it is to be expected that the 
various currents will be about as fol-
lows: oscillator plate, 40 ma.; 815 
grid, 4 or 5 ma.; 815 plate, 150 
ma. It will be found that a grid 
current of 4 to 6 ma. gives the 
best output and that more grid 
current fails to increase either the 
output or efficiency. A meter in-
serted in the amplifier screen-grid 
circuit should show a current reading 
of 60 ma.; about four-fifths of this 
is taken by the voltage divider, 
however. 
When the transmitter is in actual 

operation, it may be observed that 
the amplifier plate current does not 
fall to complete cut-off when the 
excitation is removed. This is to be 
expected, unless the power supply in 
use has such excellent regulation as to 
prevent any considerable increase in 
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Fig. 1216 — A rack-mounting antenna 
tuner for low-power transmitters. C1 is in 
the center, with C2 and Cs on either side. 
All of the components are mounted di-
rectly on the 5X-inch panel. The 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. 

screen voltage when the load is greatly re-
duced. However, the plate current should drop 
to only a few milliamperes so long as the screen 
voltage does not reach a value which exceeds 
the normal voltage by more than 50 or 75 volts. 
The amplifier plate coils are complete with 

links which permit working directly into a low-
impedance line. This means that the amplifier 
may be fed into a concentric (73-ohm) or 
twisted-pair line, or that it may be link-coupled 
to an amplifier operating at higher input or to 
an antenna tuner for coupling to an antenna 
with tuned feeders. If desired, the oscillator 
circuit may be arranged for optional crystal 
or v.f.o. input as shown in Fig. 1260. 

Feeders 

C3I  

Link input 

Fig. 1217— 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 »dd. per section, 0.045-inch spacing (National 

TMK-100-D) for higher voltages; receiving-
type for lower voltages (Hansmarlund MCD-
100). 

Cs, Cs 250 Add., 0.026-inch spacing (National TMS-
250) for higher voltages; receiving-type for 
lower voltages (Hammarlund MC250). 

L — B&W JVL series coils. Approximate dimensions 
for parallel tuning for each band are as follows: 

1.75-Mc. band — 56 turns No. 24. 
3.5-Mc. band — 40 turns No. 20. 
7-Mc. band — 24 turns No. 16. 
14-Mc. band — 14 turns No. 16. 
28-Mc. band — 8 turne No. 16. 

All coils are 1X inches in diameter and 2 X inches long, 
with the variable link located at the center. For series 
tuning, use of the coil specified for the next. 
higher frequency band will be approximately correct. 

41 A Low-Power Antenna Tuner for 
Rack Mounting 

In the rack-mounted low-power antenna 
tuner shown in Fig. 1216, separate series and 
parallel condensers are used. This arrange-
ment, while requiring three variable conden-
sers, has the advantage that no switching is 
necessary when changing over from series to 
parallel tuning. It also makes it possible to 
cover a wider range of antenna and transmission-
line conditions, because the series condensers 
can be adjusted in conjunction with the paral-
lel condenser to shorten the electrical length of 
the feeders whenever this is required to make 
parallel tuning effective. In addition, the series 
condensers provide a measure of control over the 
amplifier loading when parallel tuning is used. 

Clips with flexible leads attached are provided 
for the parallel condenser, C1, 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. 1217, 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. 
Under the circuit diagram, Fig. 1217, two 

sets of variable condensers are suggested. The 
smaller condensers should be satisfactory for 
low-power transmitters operating at plate 
voltages of 400 to 450 volts, while the con-
densers with larger spacing will be required for 
transmitters using higher voltages up to about 
750 or 1000 volts. 

E. Complete Two-Stage 70-Watt 3-Band 
Transmitter 

The units shown in Figs. 1210, 1214 and 1216, 
with the addition of a 45-volt battery for bias, 
may be combined to form a complete trans-
mitter. The smaller condensers listed for the 
antenna tuner may be used. If the transmitter 
is mounted on an 8X-inch panel and 3 inches 
is allowed for a meter panel, the complete 
transmitter will occupy a height of 26U inches. 
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IE A 90-Watt C.W. Transmitter Using 
Push-Pull 6L6s 

in the 90-watt c.w. transmitter shown in 
Figs. 1218 and 1219, a 6L6 Tri-tet oscillator 
drives a pair of 6L6s in a push-pull inverted 
amplifier circuit. The circuit diagram appears 
in Fig. 1220. 
The sockets for the crystal and the cathode 

coil are wired as shown in Fig. 1260, 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 Cg 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 Cg 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 at each 
socket. 
The output of the amplifier is link-coupled 

to an antenna tuner. The lower stator of Cg is 
fitted with a flexible lead terminated in an in-

Fig. 1219 — 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 coup-
lings and panel bearings. 
They must be mounted so 
their shafts come level 
with that of C2 to the left, 
which is mounted directly 
on the chassis. Heavy bare-
wire leads through grom-
meted holes connect the 
amplifier and antenna 
tank condensers and coils. 

Fig. 1218 — 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, L4, are the binding-post out-
put connections for the antenna tuner. 

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 200-ma. power 
supply shown in Fig. 1214. 
Tuning —Tuning of the transmitter is 

quite simple. It should be borne in mind that 
output from the oscillator may be obtained at 
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 
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the output frequency of the oscillator. Using the 
oscillator plate coils listed under Fig. 1220, 
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 the full 350 volts is used on the plate. As C2 
is tuned to resonance, the oscillator plate cur-
rent will dip to about 25 ma. at the lower fre-
quencies 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 Ca is tuned to resonance. 

cl' 

o  
+14V 

Fig. 1220 — Circuit diagram of the 90-watt push-pull 6L6 transmitter with a built-in antenna coupler. 

Once these adjustments have been com-
pleted, the antenna may be coupled and tuned. 
When the plate current of the amplifier in-
creases to 200 ma. at resonance, this represents 
about optimum loading. Using a plate voltage 
of 450 and with proper adjustment of the am-
plifier, it should be possible to obtain a power 
output of 50 to 60 watts on all bands. 
As with the single-tube inverted amplifier 

previously discussed, this transmitter is recom-
mended for c.w. work only. 

«L Complete 90-Watt C.W. Transmitter 
The 90-watt 6L6 r.f. unit of Fig. 1218 may 

be combined with the power-supply unit show-
ing Fig. 1214 (with the 6.3-volt filament trans-
former included) to form a complete c.w. trans-
mitter. The two units will have a combined 
height of 15% inches when mounted in a 
standard relay rack or cabinet. 

6t_f, 

616 

C1— 100-mgfil. mica. 
C2 — 250-tipfd. variable (National 

TMS-250). 
Cs, Cs — 250 'add. per section 

(Hammarlund MTCD-
250-C). 

Cs, Ce — 0.001-gfd. mica. 
C7, C8 — 50-gpfd. mica. 

Co, Cie — 10-ppfd. mica. 
Cit, C12, C13, C14, C15 — 0.01 

paper. 
Rt —0.1 megolim, Y2-watt. 
R2 — 50,000 ohms, 2-watt. 
R3 — 500 ohms, 1-watt. 
Rs — 25,000 ohms, 1-watt. 
Ra— 12,000 ohms, 10-watt. 

*— 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-ed. mica condenser mounted in form, 
connected across winding. 

For 7-Mc. crystals: 6 turns No. 22, 9/2-inch long. 
— For 1.75- and 3.5-Mc. bands — 38 turns No. 18 

d.c.c. close-wound. 
For 3.5- and 7-Mc. bands —20 turns No. 18, 
1% inches long. 

For 7- and 14-Mc. bands — 9 turns No. 18, 1% 
inches long. 

— B & W JCL series coils, dimensions as follows: 
1.75 Mc. — 60 turns No. 24, 2% inches long. 
3.5 Mc. — 44 turns No. 20, 2% inches long. 
7 Mc. — 26 turns No. 16, 2% inches long. 
14 Mc. — 16 turns No. 16, 1% inches long. 

* All wound on Hammarlund 1%-inch diameter 
4-prong forms. 

** AU 1% inches in diameter. 

Re, R7 25 ohms, 1-watt. 
dd. MA — 0-300 milliammeter. 

S — S.p.d.t. switch. 
RFC! — 2.5-mh. r.f. choke, 100-ma. 
RFC: — 1-mh, r.f. choke, 300-ma. 

(National 11300). 
RFC3 — V.h.f. parasitic choke 

(Ohmite Z-1). 

***— B&WJVL series coils, dimensions as follows: 
1.75 Mc. — 56 turns No. 24. 
3.5 Mc. — 40 turns No. 20. 
7 Mc. — 24 turns No. 16. 
14 Mc. — 14 turns No. 16. 
14 Mc. (series) — 8 turns No. 16. 

— 1.75- and 3.5-Mc. bands — 20 turns, centertanped, 
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 3/2-inch from 
bottom of L2 on same form. 
7- and 14-Mc. bands — 8 turns, centertapped, No. 
20 e., close-wound, wound 3/2-inch from bottom 
of 1.2 on same form. 

Le, L7 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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Fig. 1221 —Front view of the 200-watt beam-tube 

(I, A Two-Stage 200-Watt Beam-Tube 
Transmitter 

The simplicity of the 200-watt transmitter 
shown in Figs. 1221, 1222 and 1223 will appeal 
to many amateurs. As the circuit of Fig. 1224 
shows, a 6L6 Tri-tet oscil-
lator supplies excitation at 
either the crystal fundamen-
tal frequency or its second 
harmonic for the HY67 in the 
output stage. Since the latter 
is a screened tube, no neu-
tralizing is required. Parallel 
feed in the oscillator circuit 
permits mounting C2 on the 
chassis without insulation. The 
milliammeter may be switched 
to read either oscillator or am-
plifier cathode current. R5 in 
series with the screen pre-
vents parasitic oscillation. 
Power supply — A 300-

volt supply is required for the plate of the oscil-
lator and the screen of the amplifier. This volt-
age, as well as fixed biasing voltage for the am-
plifier, may be obtained from the combination 
unit in Fig. 1236, using the components shown 
for 300-volt output. The supply shown in Fig. 
1225 will furnish plate voltage for the amplifier. 

transmitter 

Tuning — The simplicity of the 
circuit makes tuning easy. With a 
cathode coil, LI, appropriate for the 
crystal in use, and an oscillator plate 
coil, L2, which covers the crystal 
frequency with C2 near maximum, 
the oscillator is tuned either to the 
fundamental frequency, near the 
maximum of C2, or to the second 
harmonic, near the minimum capac-
ity of C2, by the customary plate-
current dips. The key should not be 
kept closed for prolonged periods 
during this adjustment unless the 
300-volt lead to the screen of the 
amplifier is disconnected. If the 
plate-current dips indicating both 
fundamental and harmonic are not 

found, it may be necessary to add or subtract 
a turn or two from L2. 
The amplifier is simply tuned to resonance 

with the proper coil for the desired output 
frequency in place by switching the meter 
to read amplifier cathode current. The am-

Fig. 1222 — Underneath the 3 X 7 X 17-inch chassis 
of the two-stage 200-watt beam-tube transmitter. 

plifier may then be link-coupled to an an-
tenna tuner, such as the one shown in Fig. 
1226, and loaded in the usual way. As a mat-
ter of fact, it is preferable to tune the amplifier 
with the load connected, after one has become 

Fig. 1223 — The cathode coil, oscillator 
tube and crystal sockets of the 200-watt 
beam-tube transmitter are mounted in 
a row at the right. The socket for the 
11Y67 is sunk an inch below the chassis 
level to shorten the plate lead, and the 
bottom portion of the tube is shielded 
with a section from a Hammarlund PTS 
tube shield. The amplifier plate tank con-
denser is insulated from the chassis by 
means of National polystyrene button-
type insulators placed at the three 
mounting feet. The filament transformer 
and other small components are under-
neath the chassis, as may be seen in Fig. 
1222. Power output of 130 to 150 watts 
on c.w. can be obtained on any of the 
bands covered. If the amplifier is to be 
plate-and-screen modulated, the input 
should be reduced to 1000 volts at 150 ma. 
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Fig. 1224 — Circuit diagram of the two-stage 200-watt beam-tube transmitter. 

Ci — 100-ppfd. mica. 
C2 — 300-ppfd. variable (National TMS-300). 
Cs — 250-ppfd. variable, 0.045-inch spacing (National 

TMK-250). 
C4, C5— 0.001-pfd. mica. 
Ce — 100-ppfd. mica. 
C7 — 0.001-pfd. mica, 5000-volt rating. 
C11, C(1, C10, C114 C12, C13, C14 — 0.01-pfd. paper. 
MA — D.c. milliammeter, 0-300-ma. scale. 
RI — 0.1 megohm, %-watt. 
R2— 500 ohms, 1-watt. 
R3— 50,000 ohms, 10-watt. 
R4 —2000 ohms, 10-watt. 
113 — SO ohms, 1-watt. 
Be — 25 ohms, 1-watt. 
R7 — 25 ohms, 10-watt. 
RFC — 2.5-mh. r.f. choke. 
S — Double-pole double-throw toggle switch. 
T — Filament transformer, 6.3 volts, 6 amperes (Thor-

darson T-I9F98). 
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 

accustomed to the tuning procedure, so as to 
limit screen heating. 
Under normal conditions, the oscillator 

cathode current will run between 35 and 40 
ma. when tuned to resonance in any band, 
while the cathode current of the amplifier 
should be about 225 ma. when fully loaded. 
This total cathode current will include screen 

Fig. 1225 — This power supply unit de-
livers 830, 1060 or 1250 volts at 250 ma. 
Voltages are selected by taps on the sec-
ondary. Ripple is reduced to 0.25 per cent 
and the regulation is about 10 per cent. The 
transformer terminal board is covered with 
a panel mounted on pillars at the four cor-
ners. Insulating caps are provided for the 
tube plate terminals. A Millen safety ter-
minal protects the high-voltage connection. 
The chassis measures 11 X 17 X 2 inches 
and the panel size is 10% X 19 inches. 
The circuit is the same as that shown in 
Fig. 1245, the following values being used: 
CI — 2-pfd. 1500-volt (Aerovox Hyvol). 
C2— 4-pfd. 1500-volt (Aerovox Hyvol). 
Li — Input choke, 5-25 henrys, 300 ma., 

90 ohms (UTC S34). 
Li—Smoothing choke, 15 henrys, 300 

ma. 90 ohms (UTC S33). 
R — 25,001; ohms, 100-watt. 
— 1500-1250-1000 volts r.m.s. each 

side, 300-ma. dc. (UTC S47). 
1', -2.5 volts, 10 amperes, 10,000-volt 

insulation (UTC S57). 

long; CI is mounted in form, connected across 
winding. 

7-Mc. crystals — 6 turns No. 22, %-inch long. 
La —1.75- and 3.5-Mc. bands — 30 turns No. 20 e., 

1% inches long. 
3.5- and 7-Mc. bands — 15 turns No. 18 e., 1% 

inches long. 
7- and 14-Mc. bands — 6 turns No. 18 e., 7%-inch 

long. 
All above coils wound on Hammarlund I%-inch 

diameter coil forms. 
14— L75-Mc. band — 32 turns No. 18 d.c.c., 3 % inches 

long. 
3.5-Mc. band — 20 turns No. 12, 3 inches long, 

turns wound in successive grooves. 
7-Mc. band — 9 turns No. 12, I% inches long, 

turns wound in successive grooves. 
14-Mc. band — 6 turns No. 12, 134. inches long, 

turns wound in alternate grooves. 
All above wound on National XB-10A 2%-inch di-

ameter coil forms. The form for the I.75-Mc, coil is 
covered with a sheet of cardboard before winding. 
Number of link turns is adjusted for proper loading. 

current of about 30 ma, and grid current 
of about 20 ma. The oscillator screen volt-
age should be between 175 and 200 volts, 
while the amplifier screen voltage will run 
about 240 volts with the amplifier tuned 
and loaded. 

If desired, the oscillator circuit may be 
arranged for v.f.o. input as shown in Fig. 1260. 
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Fig. 1226 —  A link-coupled antenna-tuning unit for 
use with resonant feed systems and medium-pin% er am-
plifiers. The inductance, with variable link, is mounted 
on the condenser frames. Clips are provided for changing 
the number of turns and for switching the condensers 
from series to parallel. The panel is 5% X 19 inches. 

C Antenna Tuner for Medium Power 

The antenna tuner shown in Fig. 1226 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 GS-1 insulators, which are 
fastened to the end plates with 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 the condensers with 
flexible leads. As shown by the circuit dia-
gram, Fig. 1227, the condensers are connected 
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. 

xr,ránt, 

Lz 

c, 

Fig. 1227 — Circuit diagram of the link-coupled antenna-
tuning unit for use with medium-power transmitters. 

CI, C2 — 100-mpfd. variable, 0.07-inch spacing (Na-
tional TMC-100). 

— 22 turns No. 14, diameter 2% inches, length 4 
inches (Coto with variable link). 

L2 — 4 turns, rotating inside Li. 
M — R.f. ammeter, 0-2.5-ampere range for medium. 

power transmitters. 

C, 

Feeden 

Complete 200-Watt Beam-Tube 
Transmitter 

The units of Figs. 1221, 1225 and 1226 may 
be combined with that of Fig. 1236 to form a 
complete transmitter which will occupy a total 
height in a relay rack of 31A inches. Plate 
voltage for the oscillator and screen and bias 
supply for the HY67 are obtained from the 
unit of Fig. 1236 (values for 300-volt output), 
which may be mounted on a 7-inch panel. 
Plate voltage of 1250 for the HY67 is obtained 
from the power-supply unit shown in Fig. 1225. 

e A Simple 200-Watt Transmitter for the 
1.75- and 3.5-Mc. Bands 

The transmitter shown in Figs. 1229, 1230 
and 1231 illustrates how construction may be 
simplified when operation on only one or two 
bands is required. In the circuit, shown in Fig. 
1228, a 6L6 Tri-tet oscillator is employed to 
drive a pair of 809s in pushpull. While the cir-
cuit is designed primarily for 1.75- and 3.5-Mc. 
output using 1.75-Mc. crystals, 3.5-Mc, crystals 
may be used for 3.5-Mc, output by closing Si 
which short-circuits the cathode tank coil. 
The two stages are coupled capacitively, and, 

since no coil changing is required, all coils are 
permanently mounted. In the oscillator circuit, 
changing from one band to the other is by the 
main tank condenser, C2, which has sufficient 
range to cover both bands with the same coil. 

Parallel plate feed is used in the oscillator so 
that the amplifier grids may be series fed to 
eliminate the possibility of low-frequency 
parasitic oscillations which might be caused by 
r.f. chokes in both grid and plate circuits. The 
fixed condenser, C2, is for the purpose of com-
pensating for the output capacity of the 6L6, 
to equalize excitation to the grids of the 809s. 
To permit easy reading of the low currents in 

the oscillator plate and amplifier grid circuits, 
a meter with a scale of 100 ma. is used. When 
the switch is turned to read amplifier plate 
current, a shunt, R7, is connected across the 
meter to multiply the scale reading by four 
times. This shunt is wound with No. 24 wire. 
Power supply —The oscillator requires a 

plate voltage of 450, while the amplifier oper-
ates from a 1000-volt supply for full c.w. out.. 
put. A 22 -volt "B" battery is required for 
fixed bias for the amplifier. The 450-volt unit 
shown in Fig 1203 is suitable for the oscil-
lator, while the supply pictured in Fig. 1225 
will furnish power for the amplifier. The 
1000-volt secondary taps should be used. 
Tuning — Plate voltage should not be ap-

plied to the amplifier until the oscillator has 
been tuned and the amplifier neutralized. An 
active 1.75-Mc, crystal will oscillate with C2 
set at any position. Off resonance, the oscillator 
plate current should run in the neighborhood of 
100 ma. Two dips in plate current will be found 
over the range of the condenser. The one near 
maximum capacity indicates resonance at the 
crystal fundamental and the one near mini-
mum capacity indicates the second harmonic 
of the crystal frequency. At minimum dip the 
plate current should run between 80 and 90 
ma. By switching the meter to the second posi-
tion, it will be found that grid current indi-
cations are obtained at each of these points. 

If a 3.5-Mc, crystal is used, S1should be closed 
and only the one point of resonance will be 
found, near minimum capacity. It will also be 
noticed that the circuit will oscillate only when 
the tank circuit is tuned near resonance and 
that a slight detuning toward the low-capacity 
side of C2 will be required for reliable keying. 
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Fig. 1228 -- Circuit diagram of the simple 200-matt push pull 809 transmitter for the 1.75 and 3.5-Mc. bands. 
C1 — 100-pfd. mica. 
C2 — 250-4ifd. variable (National 

STI1-250). 
Ca, C4 — 200 apfd. per section. 

0.07-inch spacing (Cardwell 
XT-210 PD). 

C6, Ce — Neutralizing condensers 
(Millen 15003). 

Ci 500-add. mica. 
Ca — 0.001-dd. mica, 5000-volt rat. 

in g. 
Co — 50-04d. mica (see text). 
— 40 turns No. 24 d.s.c., 1-inch diameter, close-wound. 

1.2 — 50 turns, 134 inch diameter, 154 in hes long (Na-
tional All-80-C, unmounted, no link, 2 turns 
removed from each end), 50 ally. inductance. 

C12, C11, C12, C13, C14, C15 — 0.01 RFC' 2.5-mh. r.f. choke. 
ofd. paper. RFC2 — V.h.f. parasitic choke, 20 

MA — Projection-type milliamme- turns No. 20, 3/-inch diam. 
ter, 0-100-ma. scale (Trip- eter, close-wound. 
leu Model 324). RFCs — 1-mh. r.f. choke, 300-ma., 

RI — 50,000 ohms, 1-u att. (National 11-300). 
P2-200 ohms, 2-watt. S1 — S.p.s.t. toggle switch. 
Rs — 25,000 ohms, 10-watt. S2 — 2-gang 3-circuit high-voltage 
R4 --- 800 ohms, 10-watt. switch (Mallory 162C). 
Rs, Re — 25 ohms, 1-watt. T — Filament transformer, 6.3 
Ri — Meter-shunting resistance (see volts, 6 amperes (Kenyon 

text). T387). 

With C2 adjusted for maximum grid current 
at the fundamental, the amplifier should be 
neutralized by adjusting both neutralizing 
condensers in small steps, keeping their capac-
ities equal at all times. A check on the neutral-
izing adjustment may be made by any of the 
usual methods. One suitable test is with a neon 
bulb touched to one end of the plate tank coil, 

Fig. 1229 — A simple 200-watt transmit-
ter for use on the 160 and 80 meter bands. 
The two large dials are used for tuning 
the amplifier and antenna tank circuits. 
The milliammeter is switched to read 
plate and grid currents in all circuits. The 
small control at the lower center is for the 
oscillator tank circuit, with the meter and 
cathode-circuit switches at either side. 
The panel measures 103/3 X 19 inches. 
An antenna tuner is included in the unit. 
If parallel tuning is required, the free sta-
tor of Ce should he clipped to the free end 
of Li and the feeders connected one to 
each of the condenser stators. If series 
tuning is desired, the two stators are 
clipped together and one feeder clipped to 
the rotor and one to the coil, as indicated 
in the circuit diagram. The r ormal power 
output on c.w, will be approximately 
150 watts. With the plate voltage re-
duced to 750 for plate modulation, 
the output will be about 100 watts. The 
oscillator circuit may be arranged for 
v.f.o. input, as shown in Fig. 1260. 

1.4 — 54 turns No. 16, 234-inch diameter, 434 inches 
long, tapped 10 turns from each end for 3.5 Mc. 
(B & W) 163 l'A, unmounted, 80 shy. 

La — Same as Ls, taps adjusted as required. 

which should not glow at any point in the range 
of the amplifier tank condenser except possibly 
at minimum capacity. Another test is that of 
observing the grid-current reading. When the 
amplifier is completely neutralized, swinging 
the amplifier tank condenser through its range 
should cause no change in grid current. When 
not neutralized, the grid current will show a 
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sharp dip when the plate tank condenser is 
tuned through resonance. 

Plate voltage may now be applied to the 
amplifier. It is advisable to make preliminary 
adjustments at reduced plate voltage. The 
voltage may be reduced by connecting a 150-
or 200-watt lamp in series with the primary 
winding of the plate transformer. Minimum 
amplifier plate current (with the meter in the 
third position) as the plate tank circuit is 
tuned will indicate resonance. The value of 
plate current at the minimum point will depend 
somewhat upon the setting of the antenna 
tank condenser. However, by keeping the an-
tenna circuit tuned well away from resonance 
a minimum reading of somewhat less than 50 
ma. should be obtained. 

Tests should next be made to make certain 
that the oscillator will key satisfactorily. If the 
crystal does not pick up readily, a slight re-
tuning of Cg should remedy the trouble. 
Tuning the transmitter for 80-meter output 

is then a simple matter of tuning the oscillator 
to the resonance dip near the minimum of C2, 
placing the short-circuiting clips on Lg, and 
tuning Cg for resonance. The shift from one 
band to another should take but a few seconds. 

Fig. 1230 —Rear view of the 200-watt 
two-band transmitter. The antenna tank 
condenser at the left and the amplifier 
tank condenser at the right are mounted 
on metal brackets which are insulated 
from the chassis with pairs of National 
FWB polystyrene terminal strips placed 
at front and back. Strips of the same type 
are cut in half to form insulating bushings 
for the meter, which is mounted by its 
terminal studs. The neutralizing con-
densers are located between the 809s. The 
power plug at the lower left is for the 
filament transformer underneath. The 
chassis measures 7 X 3 X 17 inches. 
When shifting to the 3.5-Mc, band, in-
ductance in the amplifier and antenna 
tank circuits is changed by short-circuit-
ing turns at each end of each coil. John-
son clamp-type coil clips are used at the 
shorting points as markers and to provide 
contacts for attaching the shorting clips. 

The amplifier may be loaded until the total 
plate current reaches 200 ma. When loaded, the 
grid current should not fall below 60 ma. 

If the plate of one amplifier tube shows color 
while the other remains cool, it is an indication 
that the excitation is unbalanced and calls for 
adjustment of Cg. If the plate of the tube whose 
grid is connected to the same end of L2 as the 
plate of the 6L6 shows color, the capacity of 
Cg should be increased, while color in the other 
tube would require a reduction in capacity. 
In any case the value will not be critical with-
in 10 or 20 µµfd., and the value of Cg specified 
should be satisfactory in most cases. 

11 Complete Two-Stage 200-Watt Trans-
mitter for the 1.75- and 3.5-Mc. Bands 

The transmitter of Fig. 1229 may be com-
bined with the power-supply units of Figs. 
1203 and 1225 in a complete unit with the addi-
tion of a 22.5-volt battery for bias. If the unit 
of Fig. 1203 and the bias battery are mounted 
behind a 7-inch panel, the total rack height 
required will be 28 inches. The unit of Fig. 
1203 supplies power to the oscillator, while 
plate voltage for the amplifier is obtained 
from the power supply shown in Fig. 1225. 

Fig. 1231 — The os-
cillator tank of the 
200-watt two-band 
transmitter is under-
neath the chassis, well 
shielded from the am-
plifier. The tank coil, 
L2, is mounted on a 
pair of -inch stand-
off insulators between 
the 809 sockets. Suffi-
cient space is left be-
tween the 6L6 and 
crystal sockets to al-
low the oscillator tank 
condenser, C2, to be 
mounted at the center 
of the chassis on a pair 
of National FWB ter-
minal strips serving as 
insulators. Li is just 
above the 6L6 socket. 
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Fig. 1232 — An 807 exciter or low. 
power transmitter combining the 
flexibility of plug-in coils with the 
convenience of band-switching. A 
band-switching plug-in coil assembly 
changes tank coils in the 807 plate 
circuit. Crystal switching and meter 
switching also are provided. Plate 
currents for all tubes and screen cur-
rent for the 807 are read on a 200-ma. 
meter 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. 

C. A Band-Switching Exciter with 807 
Output 

Tile exciter or low-power transmitter pic-
tured in Figs. 1232, 1234 and 1235 is designed 
for flexibility, being adaptable for use on all 
bands from 1.75 to 28 Mc., 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, 82, 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. 1233. 

Fig. 1233 — Circuit diagram of the crystal-controlled 
CI, C2, C3 — 100-ppfd. variable (National ST-100). 
CI — 150-pfd. variable, 0.05-inch plate spacing (Ham-

marlund HFB-150-C). 
CS, C6, CT 0.002-mfd. 500-volt mica. 
Cs, Ca, CIO — 100-ppfd. 500-volt mica. 
Cti — 0.002-pfd. 2500-volt mica. 
Clit—C17, inc. — 0.01-pfd. 600-volt paper. 
Ri — 10,000 ohms, 34-watt. 
R2 — 300 ohms, 1-watt. 
Ra, R4 25,000 ohms, 3'2-watt. 
118—Ro, inc. —25 ohms, M-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). 
— 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. 

The oscillator, first and second doubler plate 
coils, LI, L2 and L3 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 automatically discon-
nected 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-

807 band-switching exciter or low-power transmitter. 
L3 — 1.75 Mc.: 50 turns No. 22 d.s.c. close-wound. 

3.5 Mc.: 26 turns No. 18, length 1M inches. 
7 Mc.: 17 turns No. 18, length 1M 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 farms (Hammar-
lund SW F-4); turns spaced evenly to fill specified 
winding length. 

L4 1.75 Mc. — 50 turne, 1%-inch diameter, 2% 
inches long, 52 phys. (Coto CI6160E). 

3.5 Mc. — 25 turns, 1M-inch diameter, 1% inches 
long, 16 phys. (Coto CI680E). 

7 Mr. — 16 turns, 1M-inch diameter, 1% inches 
long, 5.7 phys. (Coto CI640E). 

14 Mc. — 8 turns, 1M-inch diameter, 1% inches 
long, 1.5 phys. (Coto CI620E). 

28 Mc. — 4 turns, 1%-inch diameter, 1M inches 
long, 0.7 µhys. (Coto C1610E). 

Ls, L6 — One turn at bottom of Li and L2. See text. 
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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 Sg. Keying is in the oscil-
lator cathode circuit for 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 Lg, wound as 
closely as possible to the ground end of each 
tank coil. The 28-Me, coil does not need such 
a neutralizing winding, since it is used only 
in the second doubler stage. L5 and Lg should 
be so connected as to prevent self-oscillation of 
the first 6N7 section when the key is open; he 
proper connections should be found by trial. 

In the bottom view, Fig. 1235, the meter 
switch with its shunting resistors is at the left, 
with the 807 plate by-pass condenser, C11, just 
above it. The stage switch, 82, 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 82 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. 

Fig. 1234 — Top view of the band-
s» itching 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 coil sock-
ets (mounted on pillars) for the oscillator 
and doubler stages. Grouped to the right 
are the 807, the amplifier tank condenser 
(m hich must be insulated from the chassis) 
and the switch assembly. The "hot" leads 
from the coils are brought through grom-
meted holes in the chassis. The amplifier 
switch assembly should be mounted far 
enough back from the panel so that the 
coils will clear the side of the relay rack 
or cabinet. Leads between the switch and 
C4 should be kept as short as possible. 

Figs. 1236 and 1238 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 Lt, 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 82 
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 or 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 lie measured; with too much excitation 
it will be considerably higher than the rated 

Fig. 1235 —Bottom view of the band-
s% itching exciter, showing the meter 
switch at the left, the band-switch in the 
center and the crystal switch at the right. 
The multiple crystal mounting, which 
holds six crystals, is made of a 3 X 43/2' 
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 
e.c.o. input. The 750-volt lead is brought 
through a Millen safety terminal, and all 
other power connections come to a ter-
minal strip at the rear which has barriers 
between the terminals to prevent acci-
dental contact. All grounds are made 
directly to the 8 X 17 X 2-inch chassis. 
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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-ohm 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 
may be measured with a lower-range milliam-
meter connected 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. The screen current is, 
in fact, a very good indicator of excitation. 
The 807 should slinw 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, for the 
same reason. In normal operation, with C1 
detuned to reduce excitation to the proper 
value, the doubler plate currents will show 
little change between resonance and off-reso-
nance tuning. 

With maximum input to the 807 plate (75 
watts) the output is approximately 
50 watts on all bands except 28 Mc., 
where greater circuit losses decrease 
it to about 40 watts. The excitation is 
more than ample on all bands. 
The oscillator circuit may be ar-

ranged for v.f.o. input as in Fig. 1259. 

Fig. 1237 — Circuit diagram of the com-
bination plate, screen and grid-bias power 
supply pictured in Fig. 1236. 

Ca, Ga — Sections of 8-pfd. 450-volt dual 
electrolytic. 

— 8-pfd. 450-volt paper. 
Cs—Same as C3 (used only for 300-volt 

output). 
Li, L2-6 henry, 80 ma., 138 ohms (Thor-

darson T-57C51). 
Ri — 20,000 ohms, 10-watt. 
Itt —20,000 ohms, 2-watt. 
RS —25,000 ohms, 2-watt. 
R4-15,000 ohms, 2-watt. 
T — 300 volts r.m.s., each side of center-

tap, 90 ma.; 5 volts, 3 amperes: 6.3 
volts, 3.5 amperes (Thordarson 
T-13R13). 

If desired, the bias branch may be omitted 
as shown at B. All values remain as above. 

Fig. 1236 — A combination power-supply unit de-
Lvering 250 or 300 volts for exciter plate-supply and 75 
volts of fixed bias. The unit is designed especially to 
work with the band-switching exciter of Fig. 1232 or 
the transmitter of Fig. 1221. 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. 1237. 

C. A Combination Low-Voltage Plate or 
Screen Supply and Fixed-Bias Pack 

Fig. 1236 illustrates a combination pack 
which will deliver 250 or 300 volts, 75 ma., for 
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. 1237-A. 

In addition to the usual full-wave rectifier cir-
cuit employing a type 80 tube, a 1V half-wave 
rectifier is also connected across one-half of the 
transformer secondary in reverse direction ta 
provide a negative biasing voltage which 

t, t2 

(A) 

(B) 
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6.3 v. 

c. 
Fig. 1238 — Circuit of the power supply in Fig. 1239. 
Ci — 2-pfd. 1000-volt paper (Sprague OT21). 
Ci 4-pfd. 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-watt. 
T — Type 866 Jr. rectifier. 
Tn. —925 or 740 volts rm.& each side of center-tap, 

300 ma. d.e. (Kenyon T-656). 
Tri —2.5 volts, 10 amperes, 2000-volt insulation (Ken-

yon T-352). 
Tra— 6.3-volt 3-ampere filament transformer. 

is held constant at 75 volts 
by the VR75-30 regulator 
tube. With the dropping re-
sistor shown, the regulator 
tube will pass a grid current 
of 25 ma. without overload. 
The IV rectifier is indirectly 
heated, so that it may be 
operated from the same 6.3-
volt winding provided to 
supply the r.f. tubes in the 
transmitter. 
The output voltage at a 

normal load current of about 
75 ma. can be increased from 
250 to about 300 by the 
addition of the input con-
denser, C4, the connections 
for which are shown in dot-
ted lines. 

If the bias section is not 
needed, plate or screen volt-
age may be obtained with 
the simplified circuit shown 
in Fig. 1237-B, eliminating 
the bias section. 

Fig. 1239 — 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-
% olt filter condensers are at the left in front 
and the rectifier tubes at the right, with the 
rectifier filament transformer in between. All 
exposed component terminals are underneath 
t he chassis. The panel is 8%X 19X3 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. 
eluded 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. 
The circuit diagram is shown in Fig. 1238. 

1E, Complete 75-Watt Multi-Band 
" Transmitter 

If it is desired to use the band-switching 807 
exciter unit shown in Fig. 1232 as a complete 
transmitter feeding the antenna, it may be 
combined with the power-supply units of Figs. 
1236 and 1239 and the antenna tuner of Fig. 
1216 (using the large condensers) to make a 
complete unit. The combination power supply 
of Fig. 1236 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. 1239. The combined height of 
all units (assuming the unit of Fig. 1236 to be 
mounted on a 7-inch panel) will be 29% 
inches. The filament transformer shown in the 
diagram of Fig. 1238 will not be required. 

Fig. 1240 — A 450-watt band-switching amplifier. The panel size is 104 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 v ariable-
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. 



Transmitter Construction 245 
Fig. 1241 — Rear view of the 450-watt 
amplifier. The plate tank-coil jack bar 
at the right is mounted on brackets 2% 
inches high so that the variable-link shaft 
will clear the switches. These are mounted 
on 1-inch cone insulators after their 
brackets have been revamped to bring 
the shafts 1% inches above the chassis. 
The units are spaced so as to be central 
with the jack-bar terminals. The shafts 
are coupled with a section of %-inch 
bakelite shaft fitted with brass reduc-
ing couplings at each end. The two feed. 
through insulators are for connections 
to the padder-condenser jack base un-
derneath. The tank condenser is mounted 
on 1%-inch cone insulators. The plate 
r.f. choke and a feed-through insulator 
for high-voltage line are placed beneath 
the jack bar. The grid tank condenser is 
mounted to bring its shaft even with that 
of the plate condenser. The grid switch is 
mounted on insulators to balance the plate 
switch. The grid coil mounting is elevated 
over the switch. The tubes and neutraliz-
ing condensers are placed symmetrically 
between the two tank circuits. 

A 450-Watt Band-Switching Amplifiar 

The photographs of Figs. 1240, 1241, 1243 
and 1244 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. 

II0V. A C. —H.V. +BIAS 

H. V. 

Fig. 1242 — Circuit diagram of the 450-watt amplifier. 

• — 100 pfd. per section, 0.07-inch plate sparing 
(Hammarlund HFBD-100-E). 

C2 — 150 ppfd., 0.05-inch plate spacing (Hammarlund 
HFB-150-C). 

Ca — 50-ppfd. fixed air padder for 1.75 Mc., spacing 
0.17 inch or greater (Cardwell JC0-50-0S). 

• — 15-e,pfd. padder for 1.75 Mc., 0.05-inch spacing 
(see text) (Hammarlund HFA-15-E). 

Ca — 0.001-pfd. 7500-volt mica (Aerovox 1623). 
Ca — 0.01-µfd. paper. 
C7, Cs — Neutralizing condenser (National NC800). 
Co, Cie — Isolantite mica trimmer, 20-100-pidd. (Mal-

lory CTX954). 
• C12 — 0.01-pfd. paper. 
RFC' — 1-mh. r.f. choke, 600-ma. (National R154). 
SW1 — Ganged sections of Ohmite ham-band switch 

(3-position). 
SW3 — Ganged sections of Mallory ham-band switch 

(4-position) (type 162C). 

While the type T55 is shown, any of the triodes 

in the 1000- or 1500-volt class, such as the 809, 

T40, HY40, RK35, UH50, 808, 812, RK51 or 

35T, may be used in a similar arrangement. 

The circuit is shown in Fig. 1242. Band-

switching is accomplished by short-circuiting 

Ti —7.5-volt 6-ampere filament 
transformer (Thordarson 
T-19F94). 

Li — For L75-, 3.5- and 7-Mc. 
bands — 60 turns No. 16, 
5% inches Ion g,2 %-inch di-
ameter, tapped at the 7th 
and 16th turn each aide of 
center (B & W TVH-160) 
(90 phv., tapped each side 
of center at 7/30 and 8/15 
of total turns in each half). 

For 3.5-, 7- and 14-Mc. bands 
— 38 turns No. 14, 5;ei, 
inches Ion g, 2 %-inch di-
ameter, tapped at the 4th 
and 9th turn each side of 
center (B & W TVH-80) 
(35 phy., tapped each side 
of center at 2/19 and 9/38 
of total turns in each half). 

For 7., 14- and 28-Mc. bands 
— 24 turns No. 12, 5% 
inches long, 2%-inch di-
ameter, tapped at 2nd and 
5th turns each side of cen-

ter (see text for alterations) B & W TVH-40) 
13 hy., tapped each side of center at approx-
imately % and 5% of total turns in each half. 

La—For 1.57-, 3.5- and 7-Mc. hands — 52 turne, 2 
inches long. 1% inch diameter, tapped at 9th 
and 17th turns each side of center. (Coto CS-
160C) (56 ally. tapped each side of center at 
9/26 and 17/26 of total turns in each half). 

For 3.5-, 7- and 14-Mc. bands — 26 turne, 1% 
inches long, 1%-inch diameter, tapped at 5th 
and 9th turns from each side of center. (Coto 
CS80C) (17 phy., tapped each side of center at 
5/13 and 9/13 of total turns in each half). 

For 7-, 14- and 28-Mc. hands-16 turns 1% 
inches long, 1% inch diameter, tapped at 1st 
and 3rd turns each side of center. (Coto CS40C) 
(5 ;illy., tapped each side of center at h and 31.4 
of total turns in each half>. 

La, La — 8 turns No. 12, Y2-inch inside diameter, 1% 
inches long. 

— BIAS 
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Fig. 1243 — A view of the grid-circuit end of the band-switching push-pul 
amplifier showing the coil-switching arrangement and the 1.75-Mc. padder 

turns of both plate and grid coils by means of 
tap switches. Any three adjacent bands may 
be covered in this manner. By plugging in an-
other pair of coils, a second set of three adja-
cent bands may be covered. Thus the 1.75-, 
3.5- and 7-Mc, hands may be covered with one 
pair of coils, the 3.5-, 7- and 14-Mc, bands 
with another pair. and the 7-, 14- and 28-Mc. 
bands with a third pair. 
A plug-in fixed air condenser is required for 

the plate circuit for the 1.75-Mc. band. The 
plug-in jack base is mounted under the chassis 
and is wired to the lowest-frequency switch 
points, so that the condenser is automatically 
connected acro the coil when the switch is 
turned for the 1.75-Mc. band. When the coil 
covering this band is not used, the fixed con-
denser should be removed; it may be omitted 
entirely if operation in this band is not de-
sired. The grid circuit likewise requires padding 
at 1.75 Mc., but here a 15-mafd. condenser may 
be connected permanently across the fourth 

Fig. 1244 — Bottom view of the 450. 
watt band -switchin g amplifier. The chas-
sis measures 10 X 17 X 3 inches. The 
plug-in air padding condenser for 1.75 
Mc. is mounted so that it is an equal dis-
tance between top and bottom of the 
chassis. Filament bypass condensers are 
soldered to the terminals of a fiber lug 
strip to which the filament transformer 
terminals are anchored. Millen safety 
terminals are used for bias and high-
voltage output connections. A suitable 
1500-volt plate-power unit for use with 
this amplifier is shown. in Fig. 1246, the 
circuit diagram for which appears in Fig. 
1245. The circuit diagrrm of a simple 
bias pack is shown in Fig. 1248. If this 
bias pack is used, the VR75-30 and the 
resistance Ri should be omitted and R2 
and Ra made approximately 4000 ohms 
each for T55s. The two power-supply 
pints may be combined on a single chassis 

set of switch contacts, which 
are not used for other bands. 
C9/4 and Ci0L4 are parasitic 
traps to eliminate v.h.f, 
parasitic oscillations. Fixed-
link coupling is used at the 
input, with variable-link 
output coupling. 

Coils — The plate-tank 
coils listed under the circtit 
diagram are of a special se-
ries designed primarily for 
use with a multi-section 
tank condenser. They are 
provided with four extra 
plugs which are used, in this 
case, for the short-circuiting 
taps. The poil covering 7, 14 
and 28 Mc. requires slight 
alteration, however. Two 
turns on each side of center 
are cut free from the sup-
porting strips and left self-
supporting; otherwise, the 
coil heating which usually 

occurs 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 
1% 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. 

Since grid coils are unobtainable with suffi-
cient pins in the mounting, the taps for the 
grid coils are brought out to a five-prong Millen 
coil-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, excepting 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 
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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. 

Fig. 1242 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. 1294. The grid-current meter should have 
a 100 ma. scale, while the plate-current meter 
should have a range of 500 ma. 
Tuning — Any one of the r.f. units shown in 

Figs. 1232, 1265 or 1276 will furnish sufficient 
excitation for this amplifier, the band-switching 
exciter of Fig. 1232 being an excellent com-
panion unit. 

Before excitation is applied, the two para-
sitic-trap condensers, Cg and Cio, 
should be set at maximum capacity. 
With excitation applied and plate volt-
age off, grid current to the amplifier 
should run between 60 and 90 ma. 
Make certain that the coil switches 
are set at the appropriate points. 
As the next step the amplifier may 

be neutralized, using the grid-current 
meter as a neutralizing indicator. 
The amplifier should now be tested 

for parasitic oscillation. The bias 
should be reduced to a point which will 
allow a plate current 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 ad-
visable to lower the plate voltage for 
this test, either by inserting a resist,-
ance of about 2500 ohms in series with 
the plate-voltage source or by insert-
ing a 200-watt lamp in series with the 
primary winding of the plate trans-
former. The grid tank condensers 
should be set at various points while 
the plate tank condenser is swung 
through its range. The plate current 
should remain perfectly stationary 
while this is done. If a point is found 
where a sudden change in plate %anent 

Fig. 1245 — Circuit diagram of the 
1500-volt 425-ma, plate power sup-
ply for the band-switching amplifier. 

Cz — 4-pfd. 2000-volt paper (C-D 
TJU20040). 

H V Li —  5-20 henrys, 500 ma., 75 ohms 
(Stancor C1405). 

— 8 henrys, 500 ma., 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 type P6157). 

Tri —2.5 volts, 10 amperes, 10,000-volt insulation 
(Stancor type P3025). 

This circuit is also used for the 1250-volt supply shown 
in Fig. 1225 and the 2500-volt supply shown in Fig. 1285. 

takes place, Cg and C10 should be adjusted, bit 
by bit, until the variation in plate current dis-
appears. C9 and CIO should be as close to 
maximum capacity as it is possible to set 
them and yet eliminate the parasitic oscilla-
tion. 

Normal biasing voltage may now be re-
placed and the amplifier tuned up and 
loaded. For c.w. operation, the output should 
exceed 300 watts when operated at the max-
imum rated input of 1500 volts, 300 ma. 
With plate modulatiln, the plate current 
should be reduced to 250 ma. and the output 
should exceed 250 watts. The amplifier will 
operate satisfactorily when the grid current is 
40 to 70 ma. with the plate circuit loaded. The 
maximum rating of 80 ma. for the two tubes 
should not be exceeded. 

Reference should be made to the vacuum-
tube tables of Chapter Twenty-One for data 
on the operation of other type of tubes. 

Fig. 1246 —This power supply delivers 1500 or 1250 volts at a 
full-load current of 425 ma., with 0.25 per cent ripple and regulation 
of 10 per cent. Voltages are selected by taps on the transformer 
secondary. The secondary terminal board 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 ter-
minals. A special safety terminal (Millen) is used for the positive 
high-voltage connection. The panel is 10)4 X 19 inches and the 
chassis size is 13 X 17 X 2 inches. The circuit is shown in Fig. 1245. 
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II A Simple Combination Bias Supply 

Fig. 1248 shows the circuit diagram of the 
simple transformerless bias unit, pictured in 
Fig. 1247, which may be used to supply cut-off 
bias voltages up to 100 volts or so. Through 
grid-leak action it will also provide the addi-
tional operating bias voltage required,- if the 
resistor values are correctly proportioned. The 
circuit also includes a second branch, consisting 
of R1 and a VR75-30 voltage-regulator tube. 
This branch may not be required in all cases, 
but will be found convenient in many applica-
tions for providing fixed cut-off or protective 
bias for a low-power stage independent of the 
main output voltage. 
Adjustment — The voltage-divider resist-

ances, R2 and Ra, 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 section R2 is adjusted to equal the rec-

ommended 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 — E,„ 
R3 — X R2, 

Eco 

where e. is the voltage required for plate-
current cut-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 extra grid leak 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. 
The biased amplifier should then be turned on, 
without excitation. If the plate current is not 
cut off, or reduced to a safe value, the biasing 
tap should be moved upware in the negative 
direction. With the amplifier in operation with 
rated grid current, the biasing voltage should 
be measured. If it is highgr than that recom-
mended in the tube operating tables, both the 
biasing tap and the short-circuiting tap on the 
upper section should be moved bit by bit to-
ward the positive end until the correct operat-
ing bias is obtained. A final adjustment may 
now be necessary to again arrive at a cut-off 
voltage without excitation. 

Fig. 1247 shows the components assembled 
separately on a small chassis. They may, how-
ever, be combined with plate-supply compo-

Fig. 1248 — Circuit diagram of the trans-
formerless combination grid-bias supply with 
voltage-regulated output shown in Fig. 1247. 
C1, Ca 16-dd. 450-volt electrolytic. 
L— 60-ma. replacement filter choke. 
RI — 7500 ohms, 10-watt. 
112 + Rs —15,000-ohm 50-watt wire-wound, 

with two sliders. 
See text for details of adjustment and opera. 
Lion. 

Fig. 1247 — A transformerless combination bias sup-
ply suitable for supplying bias for r.f. stages requiring 
125 volts or less for cut off. A second branch, controlled 
by a VR75-30 regulator tube, provides 75 volts fixed bias 
for a second stage whose grid current does not exceed 
20 ma. The unit above is constructed on a 7 X 7-inch 
chassis, although the components may easily be fitted 
into any spare space on another power-supply chassis. 
The regulated VR-tube branch may be omitted if not 
required. The circuit diagram is shown in Fig. 1248., 

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. 

EL A Wide-Range Antenna Coupler 

The photograph of Fig. 1249 shows the con-
struction of a wide-range antenna coupler. 
Diagrams of the various circuit combinations 
are given in Fig. 1250. 
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 arrangements are 
shown in Fig. 1250. 
The tuning condenser specified, using 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 the central pin, a slight alteration in 
the B & W unit is required. The link mounting 
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Fig. 1249 —Wide-range antenna coupler. 
The unit is assembled on a metal chassis 
measuring 10 X 17 X 2 inches, with a panel 
8% X 19 inches in size. The variable con-
denser is a split-stator unit having a capacity 
of 200 µdd. per section and 0.07-inch plate 
spacing (Johnson 200ED30). The plug-in 
coils are the B & W TVL 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. 

should be removed from the jack bar and an 
extra jack placed in the central hole thus pro-
vided. The link assembly should then be 
mounted on a 2-inch cone insulator to one side 
of the jack bar. On each coil, the central nut 
must be removed and a Johnson tapped plug, 
similar to those furnished with the coils, sub-
stituted. 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 

with angle brackets on four 1-inch cone-type 
insulators, and an . insulated flexible coupling 
is provided for the shaft. 

If desired, the coils may be wound with 
fixed links on transmitting ceramic 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 
not more than 1500 with modulation. For 
higher voltages, a tank condenser with larger 
spacing should be used. 

Feeders 

Feeders 

Feelers Feeders 

1[1, Complete 450-Watt Band-Switching 
Transmitter 
The various units shown in Figs. 1232 through 

1250, assembled together, form a complete 
high-power band-switching transmitter. 

Heater, low-voltage plate and the 807 screen-
voltage supply for the exciter may be obtained 
from the simplified 250-volt pack of Fig. 
1237-B, while plate voltage for the 807 is fur-
nished by the unit of Fig. 1239. Bias voltages 
for both amplifier and exciter are obtainable 
from the unit of Fig. 1247, while amplifier 
plate voltage is furnished by the unit of Fig. 
1246. The units of Figs. 1237-B and 1247 may 
be combined in a single unit with a 7-inch 
panel. The addition of a 5U-inch panel for the 
amplifier grid and plate meters and the antenna 
tuner of Fig. 1249 completes the transmitter. 
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 supply, (7) high-voltage supply. The 
combined height of these units is 59M inches. 

Information on a control circuit for such a 
transmitter will be found in Fig. 1296. 

Final 
Tank 

Final 
Tank 

Fig. 1250—Circuit diagram 
of the wide-range antenna 
coupler for use with the band-
switching amplifier. A — Par-
allel tuning, low C. B — Par-
allel 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 ar-
rangements of E or F would be 
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 an-
tenna connected at "X." Af-
ter the inductance required 
for each of the various bands 
has been determined experi-
mentally, the connections to 
the coils can be made perma-
nent. 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. 
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Fig. 1251 — The variable-frequency exciter is en 
closed in an 8 X 8 X 10-inch Parmetal 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. 

III A Variable-Frequency Exciter 

The photographs of Figs. 1251, 1254 and 
1256 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. 1252, 
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 adjustment of 
feed-back less difficult. A high-C tank circuit 
is obtained by the fixed padders, C1 and C2, 
which are of the zero-drift type. Bandspread 
tuning is obtained by the split-stator con-
denser, C3. 

Fig. 1252 — Circuit diagram of the v.f.o. exciter unit. 
CI, C2 — 300 pfd. each, zero-drift type (Centralab 

816Z). 
Cs — 140 Add. per section 

(Hammarlund 
MCD-140-S). 

C4 — 100-µµfd. mica. 
C5 —250-upfd. mica. 
C6 — 45-2 60 -puf d . mica 

trimmer (Hammar-
lund CTS-160). 

C7 —Approximately 65 
jidd. (Hammarlund 
MC-100-S with two 
stator and two rotor 
plates removed). 

Ca, CO, CIO, CII, Cl2 — 0.01-mfd. paper. 
J — Closed-circuit jack. 
RI —0.1 megohm, Va-watt. 
Ra — 0.1 megohm, 3'-watt. 
R3 — 500 ohms, 1-watt. 

141, La, L4 — See Fig. 1253. 

L1- Lz 

When coils 1 and IA (see coil charts) are 
plugged in, the two sections of C3 are con-
nected in parallel and the output-frequency 
spread is 1750 to 2050 kc. to cover the 1.75-Mc. 
band or, 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 cover the 3.5-Mc. 
band. 
When coils 1B and 1 AB 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 
to 14,400 kc. The sections of C3 are also in 
series when coils 3 and 3A are plugged in and 
the output-frequency range is 7000 to 7300 kc. 
for covering the 7-Mc, band and, through a 
doubler, the 14-Mc. band. 
When coils 3B 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. 1253. 
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, La, are re-
quired only for spreading the higher-fre-
quency bands. Adjustable mica trimmers, Ce, 
are mounted in each coil form. 
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-

6F6 6L6 

Haie Power 
Plu9 

7 

Outpad 
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COIL-SELECTION TABLE FOR VARIABLE-FREQUENCY UNIT * 

Transmitter 
Output Freq. 1.75 Mc. 3.5 Mc. 7 Mc. 14 Mc. 

1B & lAB 

28 Mc. 

Crystal Freq. 
1.75 Mc. 

3.5 Mc. 

1 & lA 1 & IA 1B & lAB — 

— 2 & 2A 2B & 2AB 2B & 2AB — 

7 Me. — — 3 & 3A 3 & 3A 3B & 3AB 

*Ntimbers refer to coils in coil-dimension table. 

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. 1253-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, Ls, is provided for coupling 

the output of the exciter unit to the input of 
the amplifier stage which it is to drive. 

Shie/d 
1.3 1/41 

Top 

L2 

A 

Coils — Coil dimensions for several oscil-
lator ranges are given in the coil table under 
Fig. 1253. 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 1.75-Mc, band, or, by doubling, in 

OSC. COIL CONNECTIONS 

RFC 
Li-Lz SOCKET aot 

D E F j 
BUFFER COIL CONNEC-IONS ALT KEYING 

Fig. 1253 — Coil-form connections for the v.f.o. circuit of Fig. 1252. Connections shown at A are for coils 1 and 2. 
Those shown at B are for coils 3, IB and 2B. Connections shown at C are for coil No. 3B. Buffer coils IA and 2A 
should be connected as shown at D, while coils 3A, lAB, 2AB and 3AB should be connected as shown at E. F shows 
the circuit for optional cathode keying instead of screen keying, as mentioned in text. RFC is an ordinary 2.5-mh. 
r.f. choke. Coil dimensions are as folio% s: 

Oscillator (L1 and L2) 5 Buffer Coils (Ls and L4)** 
Coil No. 1 — (875 to 1025 kc.) — 47 turns No. 26 d.s.c., Coil No. IA — (1750 to 2050 kc.) — 41 turns No. 24, 

3/5-inch long; 6 turns for L2. 1% inches long; approximately 12 turns for L4. 
Coil No. 2 — (1750 to 2000 kc.) — 23 turns No. 20 Coil No. 2A — (3500 to 4000 kc.) —21 turns No. 18, 

d.s.c., I% inches long; 2 turns for L2. I% inches long; approximately 6 turns for Lt. 
Coil No. 3 — (3500 to 3650 kc.) — 14 turns No. 20 Coil Co. 3A — (7000 to 7300 kc.) —14 turns No. 18, 

d.s.c., 1X inches long; 2 turns for Ls. 13.4 inches long, tapped at 3 turns from bottom; 
Coil No. 1B — (875 to 912.5 kc.) —57 turns No. 26 approximately 4 turns for L4. 

d.s.c., 1% inches long; 5 turns for L2. Coil No. lAB — (1750 to 1825 kc.) — 46 turns No. 24, 
Coil No. 2B — (1750 to 1825 kc.) —28 turns No. 20 1 % inches long, tapped at 19 turns from bottom; 

d.s.c., 1 inch long; 2 turns for Lt. approximately 12 turns for Lt. 
Coil No. 3B — (3500 to 3750 kc.) — 133/2 turns No. 20 Coil No. 2AB — (3500 to 3650 kc.) —24 turns No. 18, 

d.s.c., 1-inch long; 2 turns for L2.  1% inches long, tapped at 934 turns from hot-
* Wound on Millen 1-inch diameter forms, L2 wound tom; approximately 6 turns for L4. 
turn-for-turn over bottom end of Li in same direction. Coil No. 3AB — (7000 to 7500 kc.) — 14 turns No. 18, 
** Wound on I1ammarlund 134-inch diameter forms, L4 134 inches long, tapped at 5 turns from bottom; 
close-wound below Lg. approximately 4 turns for Lt. 
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Fig. 1254 — Components for the v.f.o. exciter are as-
sembled on a 7 X 7 X 2-inch chassis. The dual-section 
condenser is mounted by removing the shield between 
sections and fastening to the chassis with a single ma-
chine screw. The smaller condenser, C7, is mounted on 
National polystyrene button insulators and metal spac-
ers to insulate it from the chassis and bring its shaft in 
line with that of the dual condenser. It is reverse-
mounted, with its tail shaft extension coupled to the tail 
shaft extension of the dual condenser to reduce the over-
all mounting space. The stop pin on the shaft must be 
removed. Leads from the tuning condensers to the sub-
mounted coil sockets pass through the chassis via 
34-inch holes lined with rubber grommets. The jack for 
the key, which must be insulated, and the male power 
connector mount 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. 

the 1.75- and, 3.5-Mc, bands exclusively, only 
the 1.75-Mc, coils for the first bandspread 
range will be required. If, however, the trans-
mitter is designed to cover the 7-Mc, band, as 
well as the lower-frequency bands, from a 1.75-
Mc. crystal, coils for the second bandspread 
range will also 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 nor-
mally used to secure output in 
the desired band. If full band-
spread at 7-Mc, and higher fre-
quencies is not deemed neces-
sary, 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. 1253-A, B and C. 
The buffer coils are wound on Hammarlund 

1M-inch diameter five-prong forms. The pad-
ding condensers, Ca, 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-
factory 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. 1253-D and E. 
Tuning — Before an attempt is made to 

tune the circuits, the dropping resistor, R2, in 
the power supply should be adjusted. This is 
done with 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 maintenance of reliable operation of 
the VR tubes. If the tubes ignite with maxi-
mum resistance in the circuit further adjust-
ment will not be required, unless the output 
voltage of the pack used happens to be unusu-
ally high. If this is the case, the dropping re-
sistance should be increased until the VR tubes 
no longer ignite and then decreased to the 
point where they just ignite. 
The first step in tuning the unit is to check 

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 these differ 
widely from those of the original model, how-
ever, nothing more than an adjustment of the 
spacing of a few turns at the top of L1 should 
be required. 

If close calibration is desired, a 100-kc. os-
cillator checked against WWV, or other fre-
quency-checking means, should be provided. 

8 
DE E DCB A 

e 
35-3AB IB—IAB IB—IAB I—IA I—IA 

2B-2AB 28—ZAS 2-2A 
s 3-3A 3-3A 

Fig. 1255 — Typical dial calibration for the v.f.o. unit. Notations at lower 
right indicate the calibrated ranges of the coil sets listed under Fig. 1253 
and in the coil-selection table. Details of calibration are given in the text. 
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The approximate range of the oscillator 
coil under adjustment may be deter-
mined by listening on a 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, since the harmonics of 2000 to 
2050 ke. are the only usable frequencies 
to fall outside this band. 

If the signal from the oscillator is not 
picked up at any point in the band 
with any setting of the v.f.o. dial, a wire 
should be run 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 os-
cillator may not be functioning. One 
turn should then be added to the feed-
back winding. More than the single ad-
ditional turn should not be required. If 
the winding is larger than that required 
to maintain reliable operation with the 
key closed, the circuit may oscillate 
weakly even with the key open. This 
condition is to be avoided, of course, 
if break-in operation 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 mentioned 
previously. The shield can should be replaced 
each time a check is made. When the adjust-
ment is final, the turns should be fastened 
permanently in place with Duco cement. The 
v.f.o. unit should be warmed up thoroughly 
before making a permanent calibration. 
The National ACN dial has space for cali-

brating 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-Mc, range so that the low-frequency 
end of the band falls at the same point as the 
second harmonic 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 3 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. 1255. 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. 

Fig. 1256 — 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 S4o-inch thick are placed between the panel and the 
chassis to provide space for the lower lip of the cabinet opening. 

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. 
The gang should now be turned to maximum 
capacity. If the lamp decreases in brilliance, 
readjust Cg, 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 Cg is required 
with coils having no bandspread tap, C7 is not 
tuning fast enough and a turn should be added 
to L3. If a decreasé in the capacity of Cg is 
required, a turn should be removed from L3. 
With the tapped coils, the tap should be 
moved a turn toward the top of 1/5, if an in-
crease in Cg is required, or moved a turn to-
ward the bottom of the coil, if a decrease is 
required. 

After each adjustment of the coil, tracking 
should again be checked by adjusting Cg for 
maximum brilliance with the condenser gang 
at minimum capacity and then checking at 
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Fig. 1257 — Voltage-regulated power supply for the 
v.f. exciter unit. La is mounted underneath the chassis. 

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. 1257 and 
whose circuit is shown in Fig. 1258. 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 the 
dropping resistor, R2. 

411. Feeding Crystal-Oscillator Stages 

The output of the v.f.o. unit is sufficient to 
drive a type 807 or similar tube. Such a stage 
may be link coupled to the unit by means of L4 
or capacity coupled by connecting the coupling 
capacity to the plate terminal of the 6L6. In 
the latter case, a readjustment of Cg will be 
required to restore resonance, but retracking 
should not be necessary. 

However, it is expected that the unit will be 
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 
system is used for fundamental operation. One 
satisfactory method of preventing this is to 
switch the link line to the cathode circuit for 
fundamental operation. The system is shown 
applied to several types of crystal-oscillator 
circuits in Fig. 1259. 

In each case, a tank circuit, C,L,, 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-H. 
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. 

Fig. 1258 — Circuit diagram of the voltage-regulated power supply for the variable-frequency exciter unit. 

Female 
Power 

- OUTLET 

II5V,A.C. 

R2 CI — 8 µfd. 500-volt electrolytic (Mallory 
HD683). 

Ca — Dual-section 450-volt electrolytic, 40 
pfd. per section, one section on each 
side of L2 (Mallory FPD238). 

LI, L2 — 15 henrys, 100 ma. (UTC R19). 

RI — 25,000 ohms, 10-watt. 

R2 2500 ohms, 25-watt with slider. 
T — Combination power transformer: 375 

volts r.m.s. each side of center-tap, 
100 ma.; 5 volts, 3 amperes; 6.3 volts, 
6 amperes (UTC R12). 

Sw —S.p.s.t toggle switch. 
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14 

H Çx 

TRIODE -TETRODE GRID-Pt-ATE TRI-TET 

Fig. 1259 — Methods of coupling 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. R, and C. are the usual oscillator 
cathode resistor and by-pass. C. and L. are the usual cathode-circuit tanks in the grid-plate and Tri-tet circuits. 
The v.f.o. link output is connected at H-H for harmonic operation and to F-F for fundamental operation. C, is 
100 pad. for the 1.75-Mc, band and 50 .pfd. for the 3.5- and 7-Mc. bands. Dimensions for L. are as follows: 
1.75-Mc. input — 64 turns No. 24 d.s.c., close-wound, 7-Mc. input — 20 turns No. 18, 1M-inch diameter, 1M 

1M-inch diameter. inches long. 
3.5-Mc. input — 40 turns No. 24, 1M-inch diameter, Link windings consist of 8, 6 and 5 turns respectively 

134-inches long, for the 1.75-, 3.5- and 7-Mc, bands, close-wound below L.. 

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 
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 between 
the cathode and the junction of the cathode 
resistor and its by-pass condenser. 

If the v.f.o. is to be keyed, the key terminals 
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 as usual. 

Values for the substitute grid tank coil are 
given in Fig. 1259. 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 in the usual manner. 

(A) CRYSTAL 
SOCKET 

CATFIODE-COIL 
SOCKET 

(B) 
(C) KEY 

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. 
1260. 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 short. 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 
socket and the shorting wire removed from 
F-F, to which the link line from the v.f.o. is 
then shifted. 

For crystal 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, C,. The v.f.o. link line must 
be disconnected. Similar combinations may be 
worked out for other oscillator circuits. 

Fig. 1260 — Plug-in coil system 
for conveniently making connec-
tions in a Tri-tet oscillator circuit 
for optional crystal or v.f.o. op-
eration. The grid tank for doubler 
operation is plugged into the 
same six-prong tube socket used 
by the crystal. A shows the con-
nections of the plug-in grid tank 
for doubler operation of the crys-
tal stage with v.f.o. input. Values 
for L., Q., and link coils are given 
under Fig. 1259. B shows connec-
tions for the plug-in cathode coil, 
L., which is the usual Tri-tet 
cathode winding. C shows the 
circuit complete with all socket 
connections. C. is the usual Tri-
tet cathode-tank capacity and R. 
and C. are the usual cathode 
resistor and by-pasa condenser. 
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e A Gang-Tined 450-Wr.tt Push-Pull 
Amplifier and Driver 

Figs. 1261, 1262 and 1264 show a gang-
tuned unit which may be added to the v.f.o. 
unit of Fig. 1251. As shown in Fig. 1263, it con-
sists of a push-pull amplifier and a driver stage, 
the tuning controls of which are coupled to the 
tuning shaft of the v.f.o. unit. Once adjusted for 
any given band, the entire transmitter 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. C2 and Cg 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 
across which C2 and C4 are connected. 

Fig. 1262 — Bottom view of the 
gang-tuned unit. The final amplifier 
bandspread condenser, C4, is mounted 
as far to die 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 ill 
the rear of the v.f.o. cabinet. C2 k 
turned around so that its tail shaft 
couples to the shaft of the vie. unit. 
The mounting hole of the condenser 
should come 2 inches from the left-
hand edge of the chassis. The shaft 
stop phi 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. 

Fig. 1261 — Top view of the gang-
tuned driver and push-pull amplifier 
designed to work with the v.f.o. unit 
of Fig. 1251. The chassis is elevated 
by 17 X 8-inch panels on each side. 
The 807 socket, which is mounted an 
inch below the chassis top on spacers, 
and the socket for the coupling trans-
former, Li Lz, at the left-hand end of 
the chassis, are on either side of the 
bandspread condenser, C2, under-
neath. The 807 padding condenser, 
CI, is next to the right with an in-
sulating coupling on its shaft which is 
5% inches from the left-hand end of 
the chassis. The shaft of the final-am-
plifier padding condenser, 5M inches 
from 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 C3, with 
the neutralizing condensers between 
to make neutralizing leads short. 
The jack bar for the tank coil, L3, is 
mounted on 2-inch cone insulators. 

The trap circuits, Le5, L5C6 and Idge7r 

are for the suppression of v.h.f. parasitics. 
The milliammeter may be switched to read 

807 cathode or screen current, amplifier grid 
current, or amplifier cathode current. 

Coils — While homemade coils of equivalent 
dimensions may be substituted, it may be 
found more convenient to alter manufactured 
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 L2. 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 
s-inch 6-32 machine screws substituted. A 
Johnson banana plug is fastened at each end 
and the ends of L1 are connected to these plugs. 
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Fig. 1263 — Circuit diagram of the 450-watt gang-tuned driver and push-pull amplifier unit. 

Ca — 140 upfd. per section (Hamanarlund MCD-140-S). 
C2 — 100 add. per section (Hammarlund MCD-100-S). 
Ca — 150 add. per section, 0.07-inch spacing (Johnson 

150ED30). 
— 65 pufd. per section, 0.07-inch spacing (Hammar-

Lund HFBD-65-E). 
Ca, CO, C7 — 3-30-µpfd. mica trimmer (National M-30). 
Cg, Co — Neutralizing condensers (National NC-800). 
Caz — 100-zafd. mica. 

C12— 0.001-pfd. mica, 1000-volt rating. 
Cu — 0.001-pfd. mica, 7500-volt (Aerovox 1623). 
C14, C15, Cie, C17, C18 — 0.01-mfd. mica. 
MA — Milliammeter, 100-ma. scale. 
Ra — 25,000 ohms, 1-watt. 
112 — 20,000 ohms, 10-watt variable. 
R5, RS — 25 ohms, 1-watt. 
R5 — Meter multiplier resistance, 2 times, wound with 

No. 26 wire. 
Re — Meter multiplier resistance, 5 times, wound with 

No. 24 wire. 
RFC1 — 2.5-mh. r.f. choke. 
RFC2— 500-ma. r.f. choke (Hammarlund CH500). 
S — Two circuit. 4-contact switch (Mallory 3234J). 
T —  6.3 volts, 10 amperes (Thordarson T-19F99). 
Li — Mounted inside Lz: 

1.75 Mc. — 45 turns No. 24, 1 %-inches diameter, 
1% inches long (National AR80, unmounted, 
11 turns removed). 

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 3d-inch in diameter, while 
the one on the left-hand side should be A-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 (-inch hole with the in-
sulator as a spacer, then serves to make the 
ground connection for LI. The 3/2-inch hole is 
for a second jack insulated from the chassis by 
a pair of button insulators which serves as the 
connection for the other end of LI. 
The B & W type TVH coils are supplied 

with extra plugs which may be used for the 
ganging taps for CS. 
Both L2 and L3 require no bandspread taps 

for the 1.75-Mc. batid; the plugs for the taps 
and those for the ends of the coils are simply 
tied together, connecting the bandspread and 
padding condensers in parallel for this band. 

7 

3.5 Mc. — 22 turns No. 22, 1%-inch diameter, 
1% inches long (National AR40, unmounted, 6 
turns removed). 

7 Me. — 14 turns No. 20, 1%-inch diameter, 
1% inches long (National AR20, unmounted). 

L2 — 1.75 Mc. — 58 turns No. 24, 1%-inch diameter, 
2% inches long, taps at ends of coil (B & W 
JCL-160, no link). 

3.5 Mc. —28 turns No. 22, 15/s-inch diameter, 
1% inches long, taps at 3 turns from each end 
(B & W JCL-80, no link, 8 turns removed from 
each end). 

7 Mc. —18 turns No. 16, 1%-inch diameter, 
1% inches long, taps at 6 turns from each end 
(B & W JCL-40, no link. 5 turns removed from 
each end). 

L5 — 1.75 Mc. — 60 turns No. 16, 5% inches long, 234. 
inch diameter, 5/5-inch space at center for 
link, taps at ends of coil (B & W TVH-160). 

3.5 Mc. — 38 turns No. 14, 5% inches long, 2%-
inch diameter, 3%-inch space at center for link, 
taps at 3% turns from each end (B & W 
TVH-80). 

7 Mc. — 24 turns No. 12, 5% inches long, 234 
inch diameter, 3%-inch space at center for link, 
taps at 7% turns from each end (B & W TVII-
40). 

L4 — 5 turns No. 14, 3%-inch diameter, 1 inch long. 
L5, Ls — 4 turns No. 14, 5%-inch diameter. 

Combining Units 

Fig. 1264 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 hóles 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 of the 
two units line up perfectly. If the condenser 

COIL-SELECTION TABLE FOR GANGED UNIT 

Band 

1.75 Me. 

Ose. Buffer Driver Final 

No. 1 No. IA 1.75 Mc. 1.75 Mc, 

3.5 Mc. 3.5 Me. No. 2 

No. 3 

No. 3 

No. 24 3.5 Mc. 

7 Mc. No. 34 7 Me. 7 Mc. 

14 Me. No. 3A 14 Mc. 14 Me. 
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gangs in each unit have been mounted as de-
scribed, the shafts will be lined up when the 
bottom edge of the chassis is 2X inches above 
the bottom edges of the supporting panels. 
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 
screen current indicates resonance. The key 
should not be held closed 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 as discussed in 
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 Ca should be varied 
throughout its range, carefully noting any 
change in cathode current which would indi-
cate oscillation. An additional check may be 
made by touching a neon bulb to the plate of 
the 807. Should oscillation occur, C5 should be 
adjusted until the oscillation is suppressed. 
Turning now to the tracking of the driverstage, 

tuning C1 to resonance should result in a show-

ing of amplifier grid current. Again starting at 
the h.f. end of the band, Ca should be adjusted 
for maximum grid current. If there is a serious 
falling off of grid current at the 1.f. end, deter-
mine if readjusting C1 will bring the grid cur-
rent back up. If it does not, the size of LI must 
be increased by one or two turns. If, however, 
retuning of Ca shows the tuning to be off reson-
ance at thel.f. end of the band, it should be care-
fully noted whether an increase or a decrease 
in the capacity of C1 is necessary to restore 
resonance. If an increase in C1 is required, the 
taps of C2 should be spread slightly farther apart; 
if a decrease is required, they should be brought 
closer together. After each check the tuning of 
the unit should be returned to the h.f. end and 
realigned, before again checking the 1.f. end. 
However, should the first check at the 1.f. 

end of the band show an increase in grid cur-
rent over that obtained at the h.f. end a turn 
or two should be removed from La, after which 
the tracking should again be checked. 
With substantially constant grid current 

over the band, the amplifier may be neutralized 
in the usual manner. With the amplifier oper-
ating at reduced plate voltage, a check similar 
to that described for the 807 stage should be 
made to eliminate any tendency toward para-
sitic oscillation. For several settings of the 
ganged control, C3 should be varied throughout 
its range. If oscillation occurs, Cg 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. Ca should be adjusted for resonance at 
the h.f. end of the band. Tuning across the 
band should now show no appreciable change 
in power input or output. If a check, by re-
tuning C3 at the 1.f. end of the band, shows the 
stage to be off resonance, a note should be made 
as to whether an increase in the capacity of 
C3 or a decrease is necessary to restore reso-

Fig. 1264—The v.f.o. unit of Fig. 
1251 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 VI inches by support. 
in g it on panels 8 inches high running 
the length of the chasis. The clear. 
ance and assembly 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. 
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Fig. 1265 — The two-tube plug-in coil exciter is built to conserve space in the relay rack. The panel is 3.•¡ X 19 
inches. A clearance hole is cut in the left end of the panel for the crystal socket, which is mounted in the chassis 
directly above the cathode-circuit switch. The left-hand dial controls the tuning 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 20a-ma. milliammeter. 

nance. If it increases, the taps of C4 should be 
spread slightly, while a decrease in C3 indi-
cates that the taps of C.1 should be brought 
slightly closer together. Again, each adjust-
ment of tracking should be followed by realign-
ing at the h.f. end of the band before making a 
check on the new adjustment at the 1.f. 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 for the lower-frequency bands. 
At the plate voltages recommended, the 

screen current, when lining up the v.f.o. output 
stage, 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. 
The driver screen voltage should run close to 
250 volts. When correctly adjusted, the output 
across any of the three bands should remain 
constant at 300 watts. 
The tables of Chapter Twenty-One should be 

consulted if other tubes are used in the final. 

Complete Variable-Frequency 
Gang-Tuned Transmitter 

Fig. 1264 shows the two units of Figs. 1251 
and 1261 combined for gang tuning. The volt-
age-regulated supply of Fig. 1257 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. 1247 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. 1238, while the unit of Fig. 1246 
will furnish plate voltage for the amplifier. A 
suitable antenna tuner is shown in Fig. 1249. 

III A Two-Tube Plug-In Coil Exciter 

In the two-tube exciter or low-power trans-
mitter shown in Figs. 1265, 1266 and 1268, a 
6L6 oscillator is used to drive an 807 as an 
amplifier-doubler. As shown in Fig. 1267, a 
Tri-tet circuit, used to obtain harmonic out-
put, is reduced to a simple tetrode circuit for 
oscillator output at the crystal fundamental by 
short-circuiting the cathode tank circuit. Suf-
ficient oscillator output at the fourth harmonic 
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 single crystal. 
The entire unit is designed to operate from a 

single 250-ma, power supply delivering up to 
750 volts (see Fig. 1239), 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 

or quadruple frequency in the plate circuit of 
the oscillator and to double 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 efficiencies 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-Mc, crystal, or 28-Mc. output from a 
3.5-Mc. crystal. The accompanying chart 
shows the combination required for the desired 
output from any given crystal. This chart also 
indicates the position for SW1. Be sure that the 
harmonics of the crystal frequency fall in the 
band in which operation is to occur. 
With the proper coils and crystal in place, 

SIVi in the correct position and both con-
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Fig. 1266 —The four-prong socket for the cathode coil, the octal socket for the 6L6 oscillator and the five-prong 
socket for the Coto coils used in the output tank circuit are sub-mounted along the rear of the chassis. The mounting 
for the National AR coils used in the oscillator plate circuit is fastened on short cone insulators, while the socket for 
the 807 is sub-mounted in the small steel partition. The grid r.f. choke and screen and cathode by-pass condensers 
are fastened directly to the socket. Large clearance holes lined with grommets are provided for 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. 

densers set at minimum capacity (100 on the 
dial), the plate voltage should be applied with 
the meter reading plate current to the 807. If 
all resistances are correct and the plate voltage 
is 750, the plate current should run approxi-
mately 25 ma. With the key closed, tune the 
oscillator tank condenser for maximum ampli-
fier plate current. (Do not hold the key closed 
for long periods under this high-current condi-

Fig.1267—Circuit dia-
gram of the two-tube 
plug-in coil exciter. 

Ci — 14O-pfd. varia-
ble (Hammar-
lund MC-
14M). 

Cs —150-ppfd. varia-
ble (Cardwell 
MR150BS). 

Cs —100.µpfd. mica. 
C4 — 20-ppfd. mica. 
Ca, CO, C7, CR, C9, CIO 

—0.01-pfd., 
600-volt paper. 

Cit — 0.01-pfd. 1000-
volt paper. 

C. — 100-ppfd. mica 
(used only on 
3.5 Mc.) 

MA — Milliammeter, 
0-200-ma. 

RI — 20,000 ohms, 
1-watt. 

Ra — 25,000 ohms, 
2-watt. 

Rs —200 ohms, 2-watt. 
R4— 10,000 ohms, 25-watt. 
Rs — 3500 ohms, 25-watt. 
Re, 117 — 15,000 ohms, 25-watt. 
Rs, R9 — 1250 ohms, 50-watt, 
Rio, Rit — 10 ohms, 1-watt. 
RFC — 2.5-mh. rd. choke, 
SW1 — S.p.s.t. toggle switch. 
SIVI—D.p.d.t, rotary switch 

(Mallory 3222J). 
Li — 1.75-Mc. crystals — 32 turns 

No. 22 d,s.c., close-wound. 
3.5-Mc. crystals — 10 turns 
No, 22 d,s.c„ 1 inch long. 
Note, Cx mounted in form. 

7-Mc, crystals — 6 j,¡ turns 
No, 22 d.s.c„ %-inch long. 

All wound on Hammarlund 
13i-inch diam. 4-pin forms, 

6L6G 

tion.) As soon as the peak has been obtained, 
tune the amplifier plate tank condenser for 
resonance as indicated by a pronounced dip in 
plate current. Should the points of response on 
either condenser be found 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-

Pi +C -45V H +H.V. 

H 
G 

14 — 1.75 Mc. —56 turns, 1 
inch diameter, 14 inches 
long, 54 phys, (National 
AR80 —no link). 

3.5 Mc. —28 turns, 13. 
inch diameter, 1 inches 
long, 15 phys. (National 
AR40 — no lin' ). 

7-Me. — 14 turns, 1 keinch di-
ameter, P.-.¡ inches long, 
4.2 phys. (National AR20 
— no lint ). 

14 Mc. — 8 turns, 15i-inch 
diameter, 1% inches long, 
1.25 phys. (National ARIO 
— no link), 

28 Mc. — 4 turns, 1 X-ineh 
diameter, n.ineh long, 0.5 

807 

lay. (National ARIO, 4 
turns removed—no link). 

Ls — 1.75 Mc. — 50 turns, 1¡¡-inch 
diameter, 234 inches long, 
52 phys. (Coto CS6160E). 

3.5 Mc. — 25 turns, 1%-inch 
diameter, 1% inches long, 
16 phys. (Coto CS620E). 

7 Mc. — 16 turns, 1h-inch 
diameter, 1% inches long, 
5.7 phys. (Coto CS640E). 

14 Mo. — 8 turns, 134-inch diame-
ter, 1% inches long, 1.5 
phys. (Coto CS620E). 

28 Mc. — 4 turns, 1%-inch 
diameter, 1% inches long, 
0.7 phy. (Coto CS610E). 
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COIL AND TUNING TABLE FOR TWO-TUBE PLUG-IN COIL EXCITER 

Xtal Output LI CI L2 C21.3 
Band Band Sr fi. Band Band Band CI* CI* 
Mc. Mc. Mc. Mc. Mc. 

1.75 1.75 Closed 1.75 1.75 1.75 10 10 
1.75 3.5 Open 1.75 3.5 3.5 10 30 
3.5 3.5 Closed 3.5 3.5 3.5 10 30 
1.75 7 Open 1.75 7 7 20 50 
3.5 7 Open 3.5 7 7 20 50 
7 7 Closed 7 7 7 20 50 
1.75 14 Open 1.75 7 14 20 70 
3.5 14 Open 3.5 14 14 35 70 
7 14 Open 7 14 14 35 70 
3.5 28 Open 3.5 14 28 35 80 
7 28 Open 7 28 28 75 80 

Approximate settings for low-frequency ends of bands with dial reading zero at full capacity of condenser. 

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. 
When the amplifier has been tuned, the 

meter switch may be set to read oscillator 
plate current and the oscillator tank circuit 
tune.d 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 the tetrode circuit, however, 
the circuit will oscillate only within relatively 
narrow limits. SIVI must be closed when the 
oscillator plate circuit is tuned to the crystal 
frequency. 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 fundamental or second harmonic. When 
tuned to the fourth harmonic, 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 450, except at the fourth har-
monic when it falls to 340 volts or so. The 
screen voltage varies from 280 to 210 volts. 

Fig. 1268 — Bottom view of the 
plug-in exciter. Space inside the 
4 X 17 X 3-inch chassis has been 
utilized to the greatest extent 
possible while preserving accessi-
bility. Voltage divider resistors 
Rs and Rs are to the right of the 
oscillator tank condenser, while 
R4, Ra, Rs and R7 are mounted 
to the rear of the meter. The oscil-
lator r.f. choke and grid leak are 
fastened to the crystal socket. 
Connections between the crystal 
socket and cathode switch are 
made directly and kept well 
spaced. The oscillator circuit may 
be arranged for v.f.o. input as 
shown in Fig. 1260. Meter-shun t-
in g resistances are fastened to the 
meter switch. Both tank-condenser 
shafts must be fitted with insu-
lated couplings and panel bearings. 

The plate current should be limited to 70 
ma. at 28 Mc. and 80 ma. at 14 Mc. when doub-
ling 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 dividers may be al-
tered to increase the voltages on the oscillator 
plate and screen and also the screen of the 807. 
With a 600-volt supply, R8 and R9 should be 
1000 ohms each, R4, 20,000 ohms, and R5, 

10,000 ohms. Power output will average 30 to 
35 watts from the 807 as a straight amplifier. 

4[1, Complete 75-Watt All-Band Trans-
mitter with Plug-in Coils 

If it is desired to feed the unit of Fig. 1265 
into an antenna as a complete transmitter, it 
may be combined with the power-supply unit 
of Fig. 1238, which will furnish heater and 
plate voltages, and the antenna-tuning unit of 
Fig. 1215 using the large condensers. A 45-volt 
dry battery will be required for Mas. The three 
units may be placed in a small table rack with 
a total height of only 17 inches. 
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A Push-Pull Amplifier for 200 
to 500 Watts Input 

Figs. 1269, 1270 and 1272 show various 
views of a compact push-pull amplifier for 
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. 1271, is quite con-

ventional, with link coupling at both input and 
output. C11 and C12 are plug-in fixed air capaci-
tors for the 1.75-Mc. band, to eliminate the 
necessity for an unduly large variable tank con-
denser to cover this one band. The tuned cir-
cuits, Lee and L4C6, are traps important for 
the prevention of v.h.f. parasitic oscillations. 
The 100-ma. meter may be shifted between the 
grid and cathode circuits for reading either grid 
current or cathode current. When shifted to 
read cathode current, the meter is shunted by a 
resistor, R2, which multiplies the scale reading 
by five. This resistance is wound experimen-
tally with No. 26 copper wire 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 
left-hand partition (Fig. 1270) at a height 
which brings its shaft down 2% inches from the 
top of the panel. The plate tank-coil jack 
bar is mounted centrally with the condenser on 
spacers which give a %-inch clearance be-
tween the strip and the partition. The socket 
for the plate padder, Ci2, is mounted in the 
lower rear corner of the left-hand partition. 
C10 is mounted with a small angle on the parti-
tion under the center of C2. Leads from both 
ends of the rotor shaft are brought to one side 
of C10 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 strews. The neutralizing con-

Fig. 1269 — 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, Cz, in the 
center with the neutralizing conden-
sers between them, providing short, 
leads. 

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 cut-out 
can be readily made with a socket punch and a 
hacksaw. The socket for the grid tank coil is 
mounted 4% inches behind the panel, just 
above the chassis line. The grid-circuit padder, 
C11, is fitted with banana plugs which mount 
in jacks set in the right-hand partition just 
behind the grid coil. The jacks are insulated 
from the metal by being mounted in National 
polystyrene button insulators which have 
been drilled out to fit. 
The grid tank condenser, C1, is mounted 

under the chassis without insulation. Large 
clearance holes, lined with rubber grommets, 
are drilled for connecting wires which must be 
run through the chassis or partitions. The 
parasitic traps are made self-supporting in the 
plate leads from the tank condensers to the 
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. 1246 is suit-
able. The supply shown in Fig. 1248, 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; it 
may be mounted on the bias-supply chassis, if 
desired. The exciters of Figs. 1232 or 1265 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 
its range and the plate current watched closely 
for any abrupt change. Any change will indicate 
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Fig 1270 — All components of the 450-watt 
push-pull amplifier are assembled around a 
small metal chassis 7 X 2 X 9 inches deep. 
The partitions are standard 634 X 10-inch 
interstage shields. The plate tank condenser 
is mounted on the left-hand partition. The 
plate tank-coil jack-bar is mounted centrally, 
opposite the condenser, on spacers which give 
3/2-inch clearance between the strip and the 
partition. The socket for Cl2 is mounted in 
the lower rear corner of the left-hand parti-
tion. Cis 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. The grid-circuit padder, 

is fitted with banana plugs which mount 
in jacks set in the partition behind the grid coil. 
The jacks are insulated from the metal parti-
tion by polystyrene button-type insulators. 
Millen safety terminals are used for the exter-
nal high-voltage plate and bias connections. 

oscillation, and condensers C5 and Co should 
be adjusted in slight steps simultaneously until 
the oscillation disappears. Unless the wiring 
differs appreciably from that shown, 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 
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. 1227 or the pi-section network 
of Fig. 1274 may be used. 

Reference should be made to the tube tables 
in Chapter Twenty-One for operating condi-
tions for tubes of different characteristics. 

Fig. 1271 — Circuit diagram of the 450-watt push-pull amplifier. 

Cu — 100-ppfd. per section, 0.03. 
in .11 spacing (Hammar-
lund HFAD-100-B). 

C2 — 100-µ4d. per section, 0.07. 
inch spacing (Hammar-
lund HFBD-100-E). 

C3, C4 — Neutralizing condensers 
(National NC-800) Input 

C8, Cs — 3-30-ppfd. mica trim. 
mers (National M-30) 

C7, Cs, Cs — 0.01-pfd. mica. 
Cis —0.001-pfd. mica, 7500-volt 

rating (Aerovox 1653). 
Cit — 50-ppfd. air padder (for 

1.75 Mc.) 0.05-inch spac. 
ing (Cardwell E0-50-FS). 

Cu— 50-ppfd. air padder (for 1.75 
Mc.), 0.125-inch spacing 
(Cardwell JD-50-0S). 

Ri — 25 ohms, 1-watt. 
R2 Meter-multiplier resistance 

for 5-times multiplication, 
wound with No. 26 wire. 

RFC — 1-mh. r.f. choke (Na-
tional R-154U). 

MA — Milliammeter, 100-ma. .•131A5 
Li —  B & W JCL series, dimen-

sions as follows: 
1.75 Mc. — 60 turns No. 24, 2% inches long. 
3.5 Mc. — 44 turns No. 20, 23,4 inches long. 
7 Mc. — 26 turne No. 16, 234 inches long. 
14 Mc. — 14 turns No. 16, 1% inches long (re-
move 2 turns from B & W coil). 

28 Mc. — 6 turns No. 16, 1% inches long (re. 
move 2 turns from B & W coil). 

— B & W TCL series, dimensions as follows: ** 
1.75 Mc. —28 turns No. 12, 434-inch diameter, 
4% inches long. • 

3.5 Mc. — 26 turns No. 12, 334-inch diameter, 
434 inches long. 

Output 
 .o 

7 Mc. — 22 turns No. 12, 234-inch diameter, 
4% inches long. 

14 Mc. —10 turns No. 12, 2M-inch diameter, 
4% inches long, remove ont turn from each end. 

28 Mc. — 4 turns 34-inch copper tubing, 234-
inch diameter, 4,34 inches long. Remove one 
turn from each end. 

LS. 1.4 — 4 turns No. 14, 34-inch diameter, 34-inch 
long. 

* All 1M-inch diameter, 3-turn links. 
*" All coils fitted with 2-turn links. 
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Fig. 1272 — Bottom view of the 450-watt push-pull amplifier, showing the 
position of the grid tank condenser between the two submounted tube sockets. 
'rhe two air padding condensers, Cn and Cm, are in place for 1.75-Mc. operation. 

e A Pi-Section Antenna Coupler 

The photograph of Fig. 1274 shows the con-
structional details of a pi-section type antenna 
coupler. The wiring diagram appears in Fig. 
1273. All parts are mounted directly on the 
panel using flathead machine screws. The con - 
densers each are supported on three ceranaie 
pillars from National type GS-1 stand-off in-
sulators. A 3Á-inch 6-32 machine screw is in-

c3 
o--I 

Input — C, 

C3 

L, 

C OatpUt 

Fig. 1273 — Diagram of the pi-section antenna coupler. 
CI—C2 — 300-mpfd. variable, 0.07-inch spacing (Na-

tional TMC-300). 
Cg —  0.01-pfd. mica., 5000-volt rating. 
Li, L2 — 26 turns No. 14, 2 1A-inch diameter, 33/2' inches 

long (National XR10A form wound full). 

serted in one end of each pillar and turned 
tight. The head of the screw is 
then cut off with a hacksaw and 
the protruding quarter-inch or so 
is threaded into the mounting 
holes in the end plate of the con-
denser. The shaft is cut off about 
k inch from the frame and fitted 
with a Johnson rigid insulated 
shaft coupling (No. 252). Since the 
coupling will extend beyond the 
stand-off insulators, a 3%-inch 
clearance hole should be cut in the 
panel for each shaft. Alternatively, 
metal washers could be used be-
tween the panel and each pillar to 
extend the mounting. 
Each coil form is supported on 

1U-inch cone insulators. The two 
high-voltage blocking condensers, 

C3, also are mounted on pil-
lars from GS-1 stand-offs. A 
copper clip on a flexible lead 
connected permanently to 
one end of each coil serves to 
adjust the coil inductance by 
short-circuiting turns. 
Output connections are 

made to the two terminal 
insulators at the right, while 
input connections are made 
to the terminals of the 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-cir-
cuited by the clip and lead. 
Under most circumstances 

the components specified will 
work satisfactorily with 
transmitters of 400 or 500 
watts 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. 

C Complete 300- to 400-Watt Compact 
Plug-In Coil Transmitter 

The compact exciter and amplifier units of 
Figs. 1265 and 1269 may be combined as a 
complete transmitter. Plate and filament sup-
ply for the exciter may be obtained from the 
unit of Fig. 1238. Plate voltage for the am-
plifier may be obtained either from the unit 
of Fig. 1225 or that of Fig. 1246. A 7.5-volt 
5-ampere filament transformer may be com-
bined on a 5 k-inch panel with the unit of Fig. 
1247 (minus the VR75-30 branch), which will 
furnish bias for the amplifier. A 45-volt dry 
battery will be required for biasing the 807. 

Suitable antenna tuners are those of Figs. 
1227, 1249 or 1274. The height of all units, in-
cluding a 5U-inch meter panel is 49 inches. 

Fig. 1274 —Pi-section tylie antenna coupler. All parts are mounted 
on a Presdwood panel 8 X 19 inches. The circuit is given in Fig. 1273. 
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«[. A Three-Stage 100-Watt 

Transmitter for Five Bands 
The three-stage transmitter 

shown in Figs. 1275, 1277 and 
1278 is designed to use a single 
1000-volt 100-ma, tube such as 
the 1623, 809, HY40, or higher-
voltage tubes at reduced rat-
ings, in the output stage. 

Referring to the circuit dia-
gram of Fig. 1276, 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 HY65 buffer-
doubler circuit is capacitively 61_6 ..I....L arc r ta2 

l'r , T CS IRI : CI : R3 R4 

az R8 A B 
F j- 0 0 0 

Inv -NV \ - BIAS .400 1000 

• BIAS 

- BIAS 

Fig. 1276 — Wiring diagram of the 
C1 — 1O0-pfd. mica. 
Cl, CS — 150-gpfd. variable (Na-

tional ST-150). 
C4 — 100 pfd. per section, 0.05-

inch spacing (Hammarlund 
HFBD-100-C). 

Cs, CS 0.001-pfd. mica. 

Fig. 1275 — AU controls for the 100-watt five-band transmitter are below 
the chassis level. From left to right they are on 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 con-
denser. The panel is of standard rack width and 8% inches high. 

1623 

1151/. A.C. 

three-stage five-band 100-watt transmitter for 1000-volt power supply. 
Cg — Neutralizing condenser (Na- Rs — 20,000 ohms, 10-watt. 

tional NC-800). R7 — 10,000 ohms, 10-watt. 
Cto — 0.001 pfd., 5000 volts test. Rs, R9, R10, R11, R12 —25 ohms, 
C11, C12, C13, C14, C15, C16, C17, Cis, 1-watt. 

CIO, C20 — 0.01-pfd. mica. RFC1 — 2.5-mh. r.f. choke. 
111 — 0.1 megohm, g-watt. RFC2 — 1-mh., 300-ma. rd. choke 
112 — 300 Ohms, 1-watt. (National R-300U). 
Ra — 20,000-ohm 10-watt potenti- S — Double-gang, 5-circuit switch 

C7 — 1001.6afd. mica. ometer (Mallory E2OMP). (Mallory 32267). 
CS — 6--60-ppfd mica trimmer (two 114 — 25,000 ohms, 10-watt. T1, T2 — Filament transformer, 6.3-

National M -30 in parallel). RS — 50,000 ohms, 1-watt. volt, 3 amperes (UTC S-55). 
Li — 1.75-Me. crystals —32 turns No. 24 d.s.c., close- Li — 1.75 Mc. — 40 turns No. 18, 2g-inch diameter, 

2g inches long, 78 phy. (B & W 160 BCL). 
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, 2g-inch diameter, 
2% inches long, 39 phy. (B & W 80 BCL). 

7 Mc. — 20 turns No. 14, 2-inch diameter, 234 
inches long, 12 phy. (B & W 40 BCL). 

14 Mc. — 8 turns No. 14, 2-inch diameter, 2 inches 
long, 2.5 phy. (B & W 20 BCL). One removed 
turn from each end. 

28 Mc.-4 turns No. 12, 2-inch diameter, 1% 
inches long, 0.7 phy. (B & W 10 BCL). One turn 
removed from each end. 

LS — 5 turns No. 14, 3/2-inch diameter, g -inch long. 

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, 5%-inch long. 
All on Hammarlund 1 g-inch diameter forms. 

L2, L3— 1.75 Mc. — 56 turns, lg.-inch diameter, 1% 
inches long, 54 phy. (National AR80, no link). 

3.5 Mc. —28 turns, 1 g-inch diameter, I g inches 
long, 15 ¡thy. (National AR40, no link). 

7 Mc. — 14 turns, 1%-inch diameter, 1g inches 
long, 4.2 phy. (National AR20, no link). 

14 Mc. — 8 turns, 1%-inch diameter, 1g inches 
long, 1.25 µfly. (National ARIO, no link). 

28 Mc. — 4 turns, 1-inch diameter, 5%-inch long, 
0.5 phy. (National AR5, turns close, no link). 
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coupled to the oscillator. This second stage 
makes it possible to obtain excitation for the 
final amplifier in a third band from a single 
crystal, operation in the second band being 
available by doubling frequency in the oscil-
lator itself. Parallel plate feed is used in the 
second stage to permit series grid feed to the 
final amplifier, thereby avoiding the probabil-
ity of low-frequency parasitic oscillations. 
The neutralized final amplifier is directly 

coupled to the driver stage. Cg and L5 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. 

Fig. 1277 — 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 111'65 
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, R3, and 
the grid choke. L2 is just 
to the left of the 6L6 and 
to the right of C2 under-
neath. L3 is in the center 
at right angles to L2 and 
L4 and just to the rear of 
C3 underneath. The 1623 
socket is submounted to 
lower the plate terminal. 
The neutralizing condenser, 
C2, is directly in front of 
the tube. RFC2 is just to 
the left of Ls. The two 
filament transformers are 
mounted on the rear edge. 

1280. 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. 1247. For 
the type 1623, resistors R2 and Ra should be 
6000 ohms and 7000 ohms, respectively. 
Tuning — Coils for 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 Would be tested first, 

with all voltages applied except the plate 

Fig. 1278 — Underneath 
the 8 X 17 X 3-inch chas-
sis of the 100-watt trans-
mitter. C2 to the right and 
Ca 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 
holes. Meter-shunt resist-
ances are soldered directly 
to the switch terminals. 
R3 at the right is insulated 
from the chassis by ex-
truded hakelite washers. 
The v.h.f. parasitic trap is 
suspended in the amplifier 
grid lead to the left of Ca. 
Insulating couplings are 
required for C2 and C8. 
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voltage for the final amplifier. 
Tuning the oscillator to reso-
nance, 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 sec-
ond stage. Tuning the HY65 
plate circuit to resonance should 
produce a good dip in cathode 
current, with a simultaneous 
reading of maximum grid cur-
rent to the final amplifier. 
The amplifier should then be 

neutralized and tested for para-
sitic oscillation. The latter is 
done by shifting the final-am-
plifier plate-voltage lead to the 
400-volt tap and turning off the 
bias supply. No plate voltage 
should be applied to the exciter 
stages. Ca is then varied through 
its entire range for several set-
tings 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 
voltage should not be applied 
long enough to cause appreci-
able heating of the tube. 
Normal operating voltages may now be re-

placed 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 difference between 
grid and cathode currents under operating 
conditions.) With all stages tuned and the am-
plifier loaded normally, the oscillator cathode 
current should run between 16 and 30 ma., 
HY65 screen current between 6 and 11 ma., 
HY65 cathode current between 45 and 70 ma., 

866 

Fig. 1280 — 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. 1279. The 1000-
volt bleeder resistance 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 high. 

L. lc, t.2 C2 

e'—r-e--!--91 *, modulated, the plate voltage should 
L3 ;3 14 c41--2--0 be reduced to 750. Operating data for 

5V.A.C. 

Fig. 1279 — Circuit diagram of the combination 1000. 
and 400-volt power supply for the 100-watt transmitter. 
C1, C2 — 2-pfd. 1000-volt paper (Mallory TX805). 
C3— 4-pfd. 600-volt electrolytic. (C-D) 604). 
C4 — 600-volt electrolytic. (C-D 608). 
Lb La — 5/20-henry swinging choke, 150-ma. (Thordar-

son T-19C39). 
Ls, L4 — 12-henry smoothing choke, 150-ma. (Thordar-

son T-19C46). 
RI — 20,000 ohms, 75-watt. 
112 — 20,000 ohms, 25-watt. 
T1 — High-voltage transformer, 1075 and 500 volts 

r.m.s, each side, 125- and 150-ma, simultaneous 
current rating (Thordarson T-19P57). 

T2 — 2.5 volts, 5 amperes (Thordarson T-19F88). 
T3 — 5 volts, 4 amperes (Thordarson T-63F99). 

HY65 grid voltage between 125 and 260 volts, 
oscillator screen voltage between 100 and 250 
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. Excitation ahould 
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. 1260, if desired. 

If the output stage is to be plate-

tubes of other types will be found in 
the tables of Chapter Twenty-One. 

C. Complete 100-Watt 5-Band Transmitter 

The transmitter of Fig. 1275 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. 1280. Bias 
voltage for both driver and final-amplifier 
stages may be obtained from the combination 
unit shown in Fig. 1247, with fixed bias for the 
HY65 being taken from the VR75-30 branch. 
A suitable antenna tuner is the one shown in 
Fig. 1216. The larger variable condensers 
should be used. The total height of the various 
units combined is 29% inches, allowing a 7-inch 
panel for the bias-supply unit. 
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Fig. 1281 — A single-tube high-power amplifier for high-voltage 
inputs up to 500 watts. The standard rack panel is 12h inches high. 

(1 A Single-Tube 500-Watt Amplifier 

A single-tube amplifier which may be oper-
ated at inputs up to 500 watts at voltages as 
high as 3000 is shown-in Figs. 1281, 1283 and 
1284. The circuit, shown in Fig. 1282, is strictly 
conventional, with link coupling for both input 
and output circuits. While a type 100TH is 
shown in the photographs, ether tubes of sim-
ilar physical size and shape designed to operate 
at plate voltages of 3000 or less may be used in 
a similar arrangement. 
Power supply and tuning —The plate 

power supply shown in Fig. 1285 may be used 
with this unit. Bias may be obtained from the 
unit shown in Fig. 1247. For this purpose, the 
VR75-30 branch may be omitted and a single 
resistor of 5000 ohms connected across the out-
put of the pack, with the bias lead connected to 
the extreme negative end of the resistor. 

Fig. 1282—Circuit diagram of the high. 
power 500-watt input single-tube amplifier. 
Ci —250-pafd. variable, 0.047-inch spacing 

(National TMK-250). 
— 100 add. per section, 0.171-inch spac-

ing (National TMA-100-DA). 
Ca — Neutralizing condenser (National NC-

800). 
C4 — High-voltage insulating condenser, 

0.001-afd. mica, 12,500-volt rating 
(Cornell-Dubilier 21A-86). 

C4, Ce, C7 — 0.01-mfd. mica. 
RFC — 1-mh. r.f. choke, 300-ma. (National 

R-300U mounted on GS-1 insulator). 
MAI — Grid milliammeter, 100 ma. 
MA, — Plate milliammeter, 300 ma. 
T — Filament transformer — 5 volts, 8 am-

peres. (Thordarson T-19F84). 
Li — 3.5 Mc. —26 turns No. 16, M-inch 

diameter, 251, inches long, 3-turn 
link (B & W JCL-40). 

7 Mc. —16 turns No. 16, 1M-inch 
diameter, 114 inches long, 3-turn link (B & W 
JCL-20). 

14 Mc. — 8 turns No. 16, 1M-inch diameter, 
1M inches long, 3-turn link (B & W JCL-10). 

28 Mc. — 6 turns No. 16, 1M-inch diameter, 
1M inches long, 2-turn link (B & W JCL-10, 1 
turn removed from each end). 

L7 — 33 Mc. — 26 turns No. 12, 3-inch diameter, " 

-BIAS +H.V 

The transmitter shown in Fig. 1275 
should provide sufficient excitation. 
Fig. 1282 shows milliammeters con-
nected in grid and plate leads. These 
meters are not included in the unit. 
They should be mounted on a separate 
well-insulated panel protected with a 
glass cover (see Fig. 1294). 
An amplifier operating at high volt-

age should always, after neutralizing, 
be tuned up at reduced plate voltage. 
This may be obtained by connecting a 
lamp bulb in series with the primary 
of the plate transformer. Coupling 
between the 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 ma. 
Power output of 225 to 300 watts 
should be obtainable on all bands at 

plate voltages from 2000 to 3000. 
The tube tables of Chapter Twenty-One 

should be consulted for data on the operation 
of tubes of other types. 

C. A Push-Pull 1 -Kilowatt Amplifier 

The push-pull amplifier shown in the photo-
graphs of Figs. 1287, 1288 and 1289 is capa-
ble of handling a power input of 1000 watts 
for c.w. operation or 900 watts with plate 
modulation. 
The circuit is shown in Fig. 1286. 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 
L4C4 form traps against v.h.f. parasitic oscilla-
tion. A multi-section plate tank condenser 
provides a low minimum capacity for opera-
tion at the higher frequencies and a high 
maximum capacity for the lower frequencies. 

07 °..put 

4M-inches long, 2-turn link (B & W TCL-80). 
7 Mc. —22 turns No. 12, 2M-inch diameter, 
4M-inches long, 2-turn link (B & W TCL-40). 

14 Mc. — 12 turns No. 12, 2M-inch diameter, 
4h-inches long, 2-turn link (B & W TCL-20). 

28 Mc. — 6 turns M-inch copper tubing, 2 3/,-inch 
diameter, 4M inches long, 2-turn link (B & W 
TCL-10). 
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Fig. 1283 — Rear view of the 
high-power single-tube am-
plifier. The two tank con-
densers are mounted, one 
above the other, in the center 
of the panel by means of Iso-
lantite pillars from stand-off 
insulators. Four National type 
GS-2 insulators are used to 
support the plate tuning con-
denser, while three type GS-1 
insulators are used for the 
grid tuning condenser. Insu-
lated flexible couplings and 
panel bearings are used on 
each shaft to insulate the con-
trols. One of high break-dos% n 
voltage rating should be used 
for the plate condenser, and 
the panel bearings must be 
grounded! The socket for the 
grid tank coil is mounted, us-
ing insulated spacers and a 
small metal plate as a base, on 
the rear end plate of CI. Metal 
strips, also fastened to the end 
plate, support the input-link 
terminal strip. The insulating 
by-pass condenser, C4, is 

mounted just to the right of C2. 

Construction — 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 
used, with one connected between each con-
denser end plate and the center connections of 
the coil jack bar. The positive high voltage 

Fig. 1284— Bottom view 
of the single-tube 500-watt 
amplifier. In the lower 
right-hand corner of the 
panel is fastened a chassis 
9% X 5 X 1% inches, on 
which 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 be remembered 
that the arcing distances 
and break-down capabili-
ties of voltages as high as 
3000 are considerably 
greater than m ith the lots er 
plate voltages more com-
monly used by amateurs. 

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 lack 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 
the chassis at the center. The grid r.f. choke is 
mounted on a feed-through insulator carrying 
the biasing voltage up through the chassis. 
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The grid by-pass condenser is soldered between 
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 condenser. The sockets 
for the tubes are sub-mounted beneath the 
chassis on 5A-inch spacers to lower the plate 
terminals. The parasitic-trap condensers and 
coils are self-supporting and are fastened to the 
heat-radiating plate connectors. 
The filament transformer is mounted under-

neath the chassis, and the filament by-pass 

Fig. 1286 - Circuit diagram for 
the 1-kilowatt push-pull amplifier. 

Ci - 150 ppfd. per section, 
0.05-inch spacing (John-
son 150FD20). 

Ci - Multi-section, max. capac-
ity 228 odd. per section, 
0.84-inch spacing (Card- Input 
well XE-160-70-XQ). 

Ca, C4 - 3-30-ppld. mica trim-
mer condensers with Ins-
lautite insulation (Millen 
28030). 

CO Neutralizing condensers 
(Johnson N250). 

C7 -0.01.4d. 600-volt paper. 
Cs - 0.001-pfd.mica,10,0C0-volt 

rating (Aerovox 1624). 
Cg, CIO - 0.01-mfd. paper. 
RFC, - 23-mh. r.f. choke. 
RFCs - 1-mh. 300-ma. r.f. choke 

(National R-300). 
- 10-volt 10-ampere filament 

transformer (Thordarson T-19F87). 
Li - 1.75 Mc. -42 turns No. 14, 3 inches long, 3%-

inch diameter (110 phy.) 
3.5 Mc. - 32 turns No. 16, 2% inches long,2%-

inch diamoter (40 phy.) (B & W 80BL). 
7 Mc. - 20 turns No. 14, 2 ki inches long, 2-inch 

diameter (12 pity.) (B & W 40BL). 
14 Mc. - 10 turns No. 14, 2% inches long, 2-
inch diameter (3 phy.) B & W 20BL). 

28 Mc. - 6 turns No. 12, 2% inches long, 2-inch 
diameter (i phy.) & W 10BI.). 

LO - 1.75 MC. - 48 turns No. 14, 6% inches long, 3 IA. 
inch diameter (90 phy.) (B & W 160HDVL). 

-0 as 

Fig. 1285 - This power supply unit delivers 2025 and 
2480 volts at full-load current of 450 ma. with ripple of 
0.5 per cent and regulation of 19 per cent. Voltages are 
selected by taps on the secondary. All exposed high. 
voltage terminals are covered with 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 is 14 
X 19 inches and the chassis 13 X 17 X 2 inches. The 
exposed high-voltage terminal should be covered with a 
rubber-tubing sleeve. The circuit is the same as that 
shown in Fig. 1245, the values being as follows: 

Cs -1-pfd. 2500-volt oil-filled (G.E. Pyranol). 
Cs- 4.5fd. 2500-volt oil-filled (G.E. Pyranol). 
Li - Input choke, 5-20 henrys, 500 ma., 75 ohms (Thor-

darson T-19C38). 
La - Smoothing choke, 12 henrys, SOO ma., 75 ohms 

(Thordarson T-19C45). 
R - 50,000 ohms, 200-watt. 
Tr: - 3000-2450 volts r.m.a. each side of center, 500 

ma. d.c. (Thordarson T-19P68). 
Trs -2.5 volts, 10 amperes, 10,000-volt insulation 

(Thordarson T-64F33). 

Note: The voltage regulation may be improved by the 
use of a lower valve of bleeder resistance, R, although 
at some sacrifice in maximum permissible load current. 

condensers are wired in directly at the socket 
terminals. Millen safety terminals are provided 
for the positive high voltage and negative bias 
terminals. A male plug is set in the rear edge of 
the chassis for the 115-volt line connection to 
the filament transformer. 
Power supply -- A plate-supply unit suit-

able for this amplifier is shown in Fig. 1285. 
For bias, the unit shown in Fig. 1247 is sug-
gested. The branch including the VR75-30 may 
be omitted and resistance values for R2 and R3 
should be approximately 2000 and 2500 ohms, 
respectively. The transmitter shown in Fig. 
1276 will furnish more than adequate excitation. 

nt 

514.V 

3.5 Mc. - 32 turne No. 10, 6% inches long, 334 
inch diameter (40 phy.) (B & W 80HDVL). 

7 Mc. - 20 turns No. 8, 6% inches long, 33/i. 
inch diameter (15 phy.) (B & W 40HDVL). 

14 Mc. - 8 turns No. 8, 4% inches long, 3%2 
inch diameter (3 phy.) (B & W 20HDVL 
with one turn removed from each end). 

28 Mc. - 4 turns 3/16-inch copper tubing or NG. 
4 wire, 5% inches long, 2%-inch inside diameter 
(0.8 phy.) (B & W 10HDVL with one turn re-
moved from each end). 

Ls - 6 turns No. 12, %-inch inside diameter, 
inch long. 



Transmitter Construction 271 
Fig. 1287 — The panel for the 1-kilowatt 
push-pull amplifier is 14 inches high and 19 
inches wide. 'J he chassis size is 13 X 17 inches. 

Tuning — The only departure 
from ordinary procedure in tuning is 
that of adjusting the parasitic traps. 
The trap condensers, C3 and C4, 

should be set near maximum capacity, 
but not screwed up tight. After the 
amplifier has been neutralized, a bias 
voltage of about 22F, volts should be 
applied to the grid and the plate volt-
age applied through a 2500-ohm series 
resistance. With a pair of coils for any 
hand 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 

Fig. 1288 — The tube sockets in the 1-kilo-
% att amplifier are sub-mounted. The filament 
transformer is mounted close to the sockets. 

be set as near to maximum capacity 
as is possible consistent with parasitic 
suppression. If the r.f. wiring has been 
carefully duplicated, the initial ad-
justment of the parasitic traps as 
described above should be sufficient. 

After the above adjustment is com-
plete, excitation may be applied and 
the amplifier loaded. The high-ca-
pacity sections of the plate tank con-
densers are required only for the 
3.5-Mc. band. 

Grid current should run about 100 
ma. on all bands, and the amplifier 
may be loaded until the plate current 
increases to 500 ma. The power out-
put at 2000 volts on the plates should 
be approximately 750 watts. 

Fig. 1289 — Rear view of the 1-kw, amplifier, 
showing wiring and the placement of parts. 

tg, Complete High-Power Transmitters 

The 100-watt transmitter of Fig. 1275 may 
be used as a driver for either of the high-power 
amplifiers in Figs. 1281 and 1287. In addition 
to the power-supply units of Figs. 1247 and 
1280 required for the exciter, a bias supply for 
the high-power amplifier will be necessary. 
A second unit similar to that of Fig. 1247, 
minus the VII-tube branch, will be satisfac-
tory. Plate voltage for either amplifier may 
be obtained from the unit shown in Fig. 1285. 
The antenna tuner may be the one shown in 
Fig. 1249, with a condenser of 0.1-inch plate 
spacing and coils of higher power rating. 

Using the amplifier of Fig. 1281, the com-
bined heights of all units will be 66 inches. 
If the push-pull amplifier of Fig. 1286 is used, 
the total height will be 6814. inches. 
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Fig. 1290 — A vacuum-tube keyer, 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 which produce the lag are mounted underneath, 
controlled by the knobs at the right. The jack is for the 
key, while terminals at left are for the keyed circuit. 

lg. A Practical Vacuum-Tube Keyer 
Fig. 1290 shows a practical vacuum-tube 

keyer unit. The circuit diagram is shown in 
Fig. 1291. T1, 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 Sw2 
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, more degrees 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 pfd. From R2, 
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. 

tf. 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. 1292. 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. 
The two main vertical supporting members 

are each comprised of two pieces (A and B, and 
I and J) fastened together at right angles. 
Each pair of pieces is fastened together by No. 
8 flathead screws, counter-sunk. 

Before fastening these pairs together, pieces 
A and J should be made exactly the same 
length and drilled in the proper places for the 
mounting screws, using a No. 30 drill. The 
length of pieces A, J, B and I should equal the 
total height of all panels required for the 
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¡. 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 Yt inches for stock exactly 1 X 2 inches. The 
second hole will come 1 WI inches from the first, 
the third inch from the second, the fourth 
134 inches from the third and so on, alternating 
spacings between inch and 134 inch (see 
detail drawing D, Fig. 1292). All holes should 

Fig. 1291 — Wiring diagram of the practical vacuum-tube keyer unit and power supply shown in Fig. 1290. 
— 2-p.fd. 600 oh paper. 

C2 — 0.003-pfd. mica 
C8 - 0.005-mfd. mica. 
Ri — 0.25 megohm, 1-watt. 
Ra — 50,000 ohms, 10-watt. 
Rs, R4 — 5 megolims, 1-watt. 
Rs — 0.5 megohni, 1-watt. iio v 

Swr — 3-position 1-cir-
cuit rotary switch. 

Ti — 325-0-325 volts, 5 volts 
and 2.5-volts (Thor-
darson T-13R01). 

R2 R3 R4 Rs leyeeircuit 
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be placed % 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 
1734 inches apart at all points. This will bring 
the lines of mounting holes 18X inches center 
to center. Extending back from the bottoms 
of the vertical members are pieces G and D 
connected together by cross-members L, Q and 
E, forming the base. The length of the pieces 
D and G will depend upon space requirements 
of the largest power supply unit which will 
rest upon it. The vertical members are braced 
against the base by diagonal members C and H. 
Rear support for heavy units 
placed above the base may be 
provided by mounting angles 
on the insides of C and H, or 
by connecting them with 
cross-members at suitable 
heights as shown at F. 
To finish off the front of 

the rack pieces of 3%-inch 
oak strip (M, N, 0, P) are 
fastened around the edges 
with small-head finishing 
nails. The heads are set 
below the surface and the 
holes plugged with putty or 
plastic wood. The top and 
bottom edges of 0 and P 
respectively should be X 
inch from the first mount-
ing holes and the distance 
between the inside edges of 
the vertical strips, N and P, 
19X6 inches. 
To prevent the screw holes 

from wearing out when pan-
els are changed frequently, 
M X h t3 or ;4 2-inch iron or 
brass strip may be used to 
back up the vertical mem-
bers 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 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 

E 

moved about when necessary after the trans-
mitter has been assembled. Ball bearing roller-
skate wheels are excellent for the purpose. 

Standard chassis are 17 inches wide. Stand-
ard panels are 19 inches wide and multiples of 
13% inches high. Panel mounting holes start 
with the first one X inch from the edge of the 
panel, the second 1X inches from the first, 
the third inch from the second, the fourth 
13% inches from the third, and the distances be-
tween holes from there on alternated between M 
inch and 13% inches. (See detail D, Fig. 1292.) 
In a panel higher than two or three rack units 
(1% inch), it is common practice to drill only 
sufficient holes to provide a secure mounting. 
All panel holes come inch from either edge. 
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Fig. 1292 — 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. 
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TO +KV. TERMINALS 
OF TRANSMITTER UNITF 

Fl V A 

TO BIAS TERMINALS 

OF TRANSMITTER UNITS 

- BIAS 

*WS -W.V. +BIAS 

Fig. 1293 — Various methods of connecting milliimme-
ters in grid and plate currents. A — High-voltage me-

tering. B — Cathode metering. C — Shunt metering. 

01 Metering 
Various methods of metering are shown in 

Fig. 1293. A shows the meters placed in the 
high-voltage plate and bias circuits. M 1 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. 1294, where the meters are 
mounted behind a glass panel. 
When plate milliammeters are to be mounted 

on metal panels, cane must be taken to see that 

Smbpael 

Stonded 
inpewi 

64acr behind 

/5.`.= 

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. 1293-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 1 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. 1295. 

Meters may also be shifted from one stage to 
another by a plug-and-jack system, but this 
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. 

11 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 BX cable, and 
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. 1296 shows the wiring diagram of a 
simple control system. It will be noticed that, 

Cene Gloss Rural 
FRONT VIEW 

SIDE VIEW 

Fig. 1294 — Safety panel for meters. The meters are mounted in the usual manner on an insulating sub-panel 
spaced back oía glass-covered opening in the front panel. The glass is fastened in place with metal clamps or tabs, 

fastened to the front panel with small screws or pins. The front panel is of standard rack size, 19 X 5% inches. 
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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. SW5 places a 100- to 300-watt 
lamp, L,, 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 
SW5 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 SW5 is 
closed, so that the proper antenna-coupling 
and tuning adjustments may be made. 

Preferably, SW, 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, 
SW5,, may be wired in parallel on the front of 
the transmitter panel, so that it can be used 
while tuning the transmitter. SW3c, 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 to per-
form the actual switching at the transmitter. 
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Fig. 1295 — Method of switching 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. 

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. SW, and SW4 are nor-
mally closed and SW5 is normally open. When 
S WI 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 
SW5 and SW5), SW, 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 SW1 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 SIVI. 

Line 2 
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Fig. 1296— A station control 
system. 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 
has been applied. With all 
switches except SP73 closed, 
SW, serves as the main control 
switch. S — Enclosed en-
trance switch. SW, — Filament 
switch. SE173 — Low plate volt-
age and main control switch, 
preferably of the push-button 
type which remains closed only 
so long as pressure is applied. 
S W4 — High plate-voltage 
switch. S W5 — Low-power and 
tune-up switch short-circuiting 
1.9. SW6 — Modulator plate. 
voltage switch. F— Fuse. L— 
'W arning light. 1,-100- to 
300-watt voltage-reducing lamp. 



CHAPTER THIRTEEN 

Modul ation Eqt ipment 

IN MANY respects the arrangement 
of components 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 grid 
driving-power requirements 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 represent-

ative of current design practice for speech 
amplification, with various output levels to 
drive high- and low-power Class-B modulators. 
In some cases the power output will be suffi-
cient 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. Ex-
posed 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 vicinity of house wiring. Even 
with the chassis, additional shielding of the 

Fig. 1301— 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. 

input circuit of the first tube in a high-gain 
amplifier usually is necessary. In addition, 
such circuits should be separated as much as 
possible from power-supply transformers and 
chokes and also from audio transformers operat-
ing at fairly high power levels, to prevent mag-
netic 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. 
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. 

411. 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. 1301-1303, 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 throughout in the au-
dio circuits, and an inexpensive power 
supply is included so that the unit is 
complete and ready for connection 
to the transmitter. 

Fig. 1302 shows the circuit dia-
gram of the speech amplifier-modu-
lator. One section of the first 6A6 is 
used as the input amplifier for a 
crystal microphone, the other half 
being a second speech-amplifier stage. 
Carbon microphones, which need less 
gain, are transformer-coupled to the 

276 
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Ca, Ca, C7, C8, C9 — 8-pfd. 450- 
volt electrolytic. 

Ri — 25 ohms, ,¡-watt. 
R2, Ra — 900 ohms, 1-watt. 
R4, R2 — 50,000 ohms, -watt. 
Re, R7 — 0.25 megohm, 
Ra — 1 megohm, 3/2-watt. 
Ro — 5 megohms, 54-watt. 
R10 — 500,000-ohm volume control. 

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 microphone 
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 con-

nected 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 actually 
used will, of course, depend on the load into 
which the modulator will work. A milliam-
meter can be connected across R1 to measure 
the Class-B plate current. 
The power supply is of the condenser-input 

type. Using the components specified, it will 
deliver 350 volts at 90 ma. A switch in the trans-
former center-tap lead is used for turning the 
plate voltage on and off without affecting the 
filament supply. 
The power transformer is submounted at 

the left end of the chassis. Next to it is the 
filter choke, Li, followed by the rectifier tube 
and T3, the modulation transformer. The 

rsf/ke Battey 

Fig. 1303 — The below-chassis mining is visible in this view of the 10-watt 
modulator. The microphone input leads are kept short to reduce hum pick-up. 

//O V A C. 

driver tube is at the extreme right, w ith 7'2, 
the driver transformer, behind it. The Class-B 
tube is to the rear and in line with the speech-
amplifier tube. For convenience in wiring, the 
audio tube sockets should be mounted w ith the 
filament prongs facing the right-hand end of 
the chassis. 
The plate-voltage switch is on the front of 

the chassis toward the left. The microphone 
switch, gain control and microphone jacks are 
grouped at the right. 
The bottom-view photograph shows the lay-

out 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 completed before 
the transformer is bolted in place, as it is 
difficult to reach the connecting points w ith a 
soldering iron afterwards. Short leads between 

6A 6 

Fig. 1302 — Circuit diagram of the complete 10-watt Class-B audio modulator system for low-power transmitters. 
Ci, C2 — 0.1-pfd. 600-volt paper. Rn — 25,000 ohms, 10-watt. 6A6 plates to 6A6 Class-B 
Ca, C4 — 10-dd. 50-volt electro- Swi — S.p.d.t. toggle switch. (Stancor A-4216). 

I tic Sw2 — S.p.s.t. toggle switch (see Ti — Output transformer, 6A6 
Class-B to 6500-ohm load 
(Stancor A-3845). 

T4 — 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). 

text). 
Ji — Closed-circuit jack for crystal 

microphone. 
J2 — 2- or 3-circuit jack for single. 

button or d ouble-button 
carbon microphone. 

Ti — S.b or d.b. microphone trans-
former (Stancor A-4351). 

T2 — Driver transformer, pardllel 
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Fig. 1304 — A low-cost speech-amplifier or low-power 
modulator unit with a maximum audio output of 20 
watts. The 6J7 is at the left near corner of the chassis, 
with the 6J5 to its right, just above the volume control. 

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. 
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 the right 
end of the base (left end in the bottom view). 
One of the contacts is for an external ground 
connection and the other two are connected 
to the modulation-transformer output winding. 

6.37 11.115 

4 
R6 

.i_Cs «t" 

All ittrs 

I 

6.3v 

The actual measured power output of the 
unit shown in the photographs is 11 watts, at 
the point where distortion just begins to be no-
ticeable. This order of power is ample for 
modulating a low-power transmitter with 20 
watts or so input to the final stage. 

C, A 20-Watt Speech Amplifier or 
Modulator 

The amplifier shown in Figs. 1304-1306 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 6L6s are used 
in the output stage, preceded by a 6J5 and 6J7. 
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 
6J7 grid resistor, R1, is enclosed along with the 
input jack in a National type J-1 jack shield, 
and a shielded lead is run from the jack shield 
to the grid of the 6J7. A metal slip-on shield 
covers the grid cap of the tube. 
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 design (Chapter Eight) may be 
used, since the variation in plate current is 
relatively small. The current is approximately 
120 ma. with no input signal and 145 ma. at 
full output. If an output of 12 or 13 watts will 
be sufficient, R9 and Rto may be omitted and 
all tubes fed directly from a "B" supply 
giving 270 volts at approximately 175 ma. 
The output transformer shown is a universal 

modulation type suitable for coupling into the 

Fig. 1305 — Circuit diagram of the low-cost speech amplifier or modulator 
CI, C2 —20.5fd. 50-volt electro. R5 — 1.5 megohms, 3/2-watt. 

R4 — 0.25 megohm, • tytic. 
Ca — 0.1-pfd. 200-volt paper. 
C4 — 0.01-pfd. 400-volt paper. 
Ce, Ce 8-pfd. 450-volt electro-

lytic. 
Ri — 5 megohms, 
112 — 1300 ohms, J4-watt. 

R5 —  50,009 ohms, -watt. 
Re — 1 megohm volume controlé 
R7 —  1500 ohms, 1-watt. 
Ra — 250 ohms, 10-watt. 
Re — 2000 ohms, 10-watt. 
Rio — 20,000 ohms, 25-watt. 

6L6 

+360 

Output 

capable of power outputs up to 20 watts. 
Ti — Interstage audio transformer, 

single plate to p.p. grids, ratio 
3:1 (Thordarson T-57A41). 

Ta — Output transformer, type 
dependin g on requirements. 
A multi-tap modulation 
transformer (Thordarson 
T-19M14) is shown. 
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Fig. 1306 — Bottom view of the 20-watt speech am 
plifier or modulator chassis. The most important con 
structional point is complete shielding of the microphone 
input circuit up to the grid of the 6J7 first amplifier. 

C+, CS, Ce — 8-ufd. 450-volt elec-
trolytic. 

RI — 5 megohms, %-watt. 
R2 —  1300 ohms, Y2-watt. 
Ra — 1.5 megohm, AI-watt. 
Rs — 0.25 megohm, 4-Avatt. 

plate circuit of a low-power r.f. ampli-
fier (input 40 watts maximum for 100 
per cent modulation) for plate modu-
lation. For cathode modulation, the 
r.f. input power that can be modu-
lated can be determined from the 
data in Chapter Five. The amplifier 
may also be used for grid-bias modu-
lation with the transformer specified. 

If the unit is to be used to drive a 
Class-B modulator, it is recommended 
that the Class-B tubes be of the zero-
bias type rather than a type requiring 
fixed bias. A suitable output trans-
former must be substituted for this 
purpose; data may be found in trans-
former 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. 

Fig. 1307 — Circuit diagram of the Class 
CI — 0.1-ufd. 200-volt paper. RS 

—0.01-ufd. 400-volt paper. Be — 
Cs — 20-ufd. 50-volt electroly tic. R 7 — 

Rs — 50 ohms, 1-watt. 
Rs — 12,000 ohms, 1-watt. 
Rio —20,000 ohms, 25-watt. 
Rn — 1500 ohms, 10-watt. 
Ti — Interstage audio, single plate 

to p.p. grids, 3:1 ratio 

Fig. 1308 — 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 6J55 are at the rear of the chassis behind Tx, 
in the center, the push-pull 6L6s, and T3 follow in order to the right. 

A 40-Watt Output Speech Amplifier or 
Modulator 

The 40-watt amplifier shown in Figs. 1307— 
1309 resembles in many respects the 20-watt 
amplifier just described. The first two stages 
are, in fact, identical in circuit and construc-
tion. 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. 

6J5 ele 

63V - a -33.5 +360 
+C, 

AB2 push-pull 6L6 40-watt output speech amplifier or modulator. 
50,000 ohms, 3-.watt. (Thordarson T-57A41). 
1-megohm volume control. T2 — Driver transformer, p.p. 6J58 
1500 ohms, 1-watt. to 6L6s Class AB2 (Thor-
- darson T-84D59). 

Ts — Output transformer, type 
dependin g on requirements. 
A multi-tap modulation 
transformer (Thordarson 
T-19M15) is shown. 



280 THE RADIO AMATEUR'S HANDBOOK 

amplifier-modulator. Fig. 1309 — Underneath the chassis of the 40-watt speech 

A 6 X 14 X 3-inch chassis is used for the 
40-watt amplifier. The photographs show the 
arrangement of parts. As in the case of thd 
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, 
as described in Chapter Five; with 55 per cent 
plate efficiency 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 modulator can be 

driven by the unit; data on suitable modulator 
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 transformer should be 
substituted for the universal modulation trans-
former 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 chóke-
input plate supply should be used; general 
design data will be found in Chapter Eight. 
The heater requirements are 6.3 
volts at 3 amperes. Bias for the 
6L6 stage is most conveniently sup-
plied by a 22.5-volt "B" battery 
bloc; a small-sized unit will be satis-
factory, since no current is drawn. 

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 
entirely satisfactory results as drivers 
for Class-B stages when operated 
well within their capabilities, espe-

cially with zero-bias Class-B 
tubes. However, somewhat 
better performance can be 
secured by using triode driv-
ers, especially when the grid 
power requirements of the 
Class-B stage are modest 
enough to make the use of 
triodes such as the 2A3 prac-
ticable. The amplifier shown 
in Figs. 1310-1312, inclu-
sive, has an output (from 
the transformer secondary) 
of 6 watts with negligible dis-
tortion, 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). The side amplifier and 
rectifier, combined in the 6SQ7 tube, rectifies a 
portion of the voice current. The rectified out-
put 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 pro-
portion to the signal strength. With proper 
adjustment, an average increase in modulation 
level of about 7 db. can be secured without 
exceeding 100 per cent modulation on peaks. 
The amplifier proper consists of a 6J7 first 

stage followed by a 6L7 amplifier-compressor. 
The 2A3 grids are driven by a 6N7 self-balanc-
ing phase inverter. The operation of the 2A3s 
is purely Class A, without grid current. 
The amount of compression is controlled by 

means of the potentiometer, R20, in the grid 
circuit of the 6SQ7. A switch, Si, is provided to 
short-circuit the rectified output of the com-
pressor when normal amplification is required. 
The construction of the amplifier resembles 

that of the unit shown in Fig. 1301, 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 6J7 first 
amplifier is in the upper left corner, with the 
6L7 to its right. The 6SQ7 is below the 6L7. 

Fig. 1310— A push-pull 2A3 speech amplifier having an output 
of approximately 6 watts. A volume-compression circuit is included. 
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115V,A.C. 
Fig. 1311 — Circuit diagram of the push-pull Class-A 2A3 speech amplifier with automatic volume compression. 

—10-afd. 50-volt electrolytic. 
C2, C4, Cd, Co, C9, Cu, C11, C13 — 

0.1-pfd. 400-volt paper. 
Cg,C8-8-afd. 450-volt. electrolytic. 
C7 0.5-afd. 400-volt paper. 
— 5 megohms, 

R2, Rs — 1200 ohms, 3/2-watt. 
R3, R7 — 2 megohms, 34-watt. 

R4, R111, R22, R24 — 0.5 megohm, 3x2-
watt. 

118 — 50,000 ohms, 3/2-watt. 
Ro, Rig —0.5-megohm variable. 
Ro 0.25 megohm, 1-watt. 
Rio, Rn, R23 — 0.1 megohm, 3x2-

watt. 
Ris — 10,000 ohms, 3/2-watt. 
R14 — 1500 ohms, 3¡-watt. 
R14, Ria —0.1 megohm, 1-watt. 

The 6N7 is followed by the output transformer, 
the latter being placed in the middle of bhe 
chassis in order to distribute the weight evenly. 
The 2A3s and the power and output terminals 
are at the right. 

In the underneath view the input circuit is at 
the left, the grid resistor and connector socket 
being shielded 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 com-
pressor control, R2.), 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 as close as possible 
to the points in the circuit to which they connect. 
The filament transformers should be kept well 
separated from the wiring in the low-level stages, 
particularly that of the microphone input and 
grid circuits. 

Adjustment of the com-
pressor control is rather 
critical. First set R20 at zero 
and adjust the gain control, 
R6, for full modulation with 
the particular microphone 
used. Then advance the 
compressor control until the 
amplifier just "cuts off" 
(output decreasing to a low 
value) on peaks; when this 
point is reached, back off 
the compressor control until 
the cut-off effect is gone but 
an obvious decrease in gain 
follows each peak. Because 
of the necessity for filtering 

R17,R18,R19-0.25megohm, 3/2-watt. 
R21 — 5000 ohms, 3/2-watt. 
Rig — 750 ohms, 10-watt. 
Ti —Output transformer to match 

pp. 2A3s to Class-B grids. 
(UTC PA-53AX). 

T2 Filament transformer, 6.3 
volts, 2 amperes. 

Ta — Filament transformer, 2.5 
volts, 5 amperes. 

out the audio component in the rectifier out-
put, there is a slight delay (amounting to a 
fraction of a second) before the decrease in 
gain "catches up" with the peak. When a 
satisfactory setting is secured, as indicated 
by good speech quality with a definite reduc-
tion in gain on peaks, the gain control, R6, 
should be advanced to give full output with 
normal operation. Too much compression, 
indicated by the cut-off effect following each 
peak, is definitely undesirable, and the ob-
ject of adjustment of the compressor control 
should be to use as much compression as 
possible without over-compression. 
The amplifier requires a plate-voltage sup-

ply of 300 volts at 75 ma. A well-filtered 
condenser-input power supply using receiving-
type components is suitable; a two-section 
filter is -desirable to minimize hum. 

Fig. 1312 — Bottom view of the 2A3 volume-compression speech amplifier. 
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TABLE I -RESISTANCE-COUPLED VOLTAGE AMPLIFIER DATA 

Data WO 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 cat-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 
Rstor esi 
Megohms 

0.1 
0.25 
0.5 

Screen 
Resistor 
Megohms 

Cathode 
Resistor 
Ohms 

Screen 
By-pass 
Ad. 

Cathode 
By-pass 
Ad. 

Blocking 
Condenser 

Ad. 

Output 
Volts 
(Peak)' 

Voltage 
Gain ' 

6A6, 6N7 
53 

0.1 
- 
- 
- 

11501 
15001 
17501 

- 
- 
-  
- 
- 
- 

- 
- 
- 

0.03 
0.015 
0.007 

60 
83 
86 

20 
22 
23 

0.25 
0.25 
0.5 
1.0 

- 
- 
- 

26501 
3400, 
40001 

- 
- 
- 

0.015 
0.0055 
0.003  
0.0055 
0.003 
0.0015 

75 
87 

100  

76 
94 

104  
57 
70 
83 

23 
24 
24  
23 
24 
24  
11 
11 
12 

0.5 
0.5 
1.0 
2.0  
0.05 
0.1 
0.25 

- 
- 
- 

48501 
61001 
71501 

- 
- 
- 

- 
- 
- 

6C5 
(also 

617, 6C6, 57, 
6W7, 7C7 
as triodes), 

0.05 
- 
- 
- 

2100 
2600 
3100 

- 
- 
-  
- 
- 
- 

3.16 
2.3 
2.2 

0.075 
0.04 
0.015 

0.1 

0.25 

  0.5 

0.1 
0.25 

  0.5 

- 
- 
- 

3800 
5300 
6000 

1.7 
1.3 
1.17  
0.9 
0.59 
0.37 

0.035 
0.015 
0.008  
0.015 
0.008 
0.003 

65 
84 
88  

73 
85 
97 

12 
13 
13  
13 
14 
14 

0.25 
0.5 
1.0  
0.1 
0.25 
0.5 

- 
- 
- 

9600 
12,300 
14,000 

- 
- 
- 

6C6, 617, 6W7, 
7C7, 57 

(pentode) 

6C8G 
(one triode 

unit) 

6F5, 6SF5, 
7B4 

0.1 
0.44 
0.5 
0.53 

500 
450 
600 

0.07 
0.07 
0.06 

8.5 
8.3 
8.0 

0.02 
0.01 
0.006 

55 
81 
96 

61 
82 
94  
104 
140 
185 

161 
350 
240 

22 
23 
25  

25 
26 
27  

27 
27 
28 

0.25 

0.5 

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 

4.2 
4.1 
4.0 

0.008 
0.005 
0.005 

0.005 
0.003 
0.0025  

0.037 
0.013 
0.007 

0.013 
0.0065 
0.004 

81 
104 
110 

75 
97 
100  

55 
73 
80  

64 
80 
90 

67 
83 
96 

0.5 
1.0 
2.0 

2.45 
2.9 
2.95 

1700 
2200 
2300 

0.04 
0.04 
0.04 

0.1 
0.1 
0.25 
0.5 

- 
- 
- 

2120 
2840 
3250 

- 
- 
- 

3.93 
2.01 
1.79 

0.25 
0.25 
0.5 
1.0 

- 
- 
- 

4750 
6100 
7100 

- 
- 
- 

1.29 
0.96 
0.77 

0.5 
0.5 
1.0 
2.0 

- 
- 
- 

9000 
11,500 
14,500 

1300 
1600 
1700 

- 
- 
- 

0.67 
0.48 
0.37 

0.007 
0.004 
0.002 

0.1 
0.1 
0.25 
0.5 

- 
- 
- 

- 
- 
- 

5.0 
3.7 
3.2 

0.025 
0.01 
0.006 

33 
43 
48 

42 
49 
52 

0.25 
0.25 
0.5 
1.0 

- 
- 
- 

2600 
3200 
3500 

--- 
- 
- 

2.5 
2.1 
2.0 

0.01 
0.007 
0.004 

0.006 
0.004 
0.002 

41 
54 
63 

50 
62 
70 

56 
63 
67 

65 
70 
70 

0.5 
0.5 
1.0 
2.0 

- 
- 
- 

4500 
5400 
6100 

- 
- 
- 

1.5 
1.2 
0.93 

6F8G (one 
triode unit), 
615, 615G, 
7A4,7N7 

0.05 
0.05 
0.1 
0.25 

- 
- 
- 

1020 
1270 
1500 

- 
- 
- 

- 
- 
- 

3.56 
2.96 
2.15 

0.06 
0.034 
0.012 

41 
51 
60 

13 
14 
14 

0.1 
0.1 
0.25 
0.5 

- 
- 
- 

1900 
2440 
2700 

2.31 
1.42 
1.2 

0.035 
0.0125 
0.0065 

43 
56 
64 

14 
14 
14 

0.25 
0.25 
0.5 
1.0 

- 
- 
- 

4590 
5770 
6950 

- 
- 
- 

0.87 
0.64 
0.54 

0.013 
0.0075 
0.004 

46 
57 
64 

14 
14 
14 

6L5G 

0.05 
0.05 
0.1 
0.25 

- 
- 
- 

1740 
2160 
2600 

- 
- 
- 

2.91 
2.18 
1.82 

0.06 
0.032 
0.015 • 

56 
68 
79 

11 5 
12 5 
125 

0.1 
0.1 
0.25 
0.5 

- 
- 
- 

3070 
4140 
4700 

- 
- 
- 

- 
- 
- 

1.64 
1.1 
0.81 

0.032 
0.014 
0.0075 

60 
79 
89 

12b 
13 4 
13 5 

0.25 
0.25 
0.5 
1.0 

- 
- 
- 

6900 
9100 

10,750 

0.57 
0.46 
0.4 

0.013 
0.0075 
0.005 

64 
80 
88 

13' 
13 6 
138 

1 Value For both node sections, assuming both are working under same conditions. In phase inverter service, the cathode resistor 
should not be by-passed. 

1 Voltage across next-stage grid resistor at grid-current point, 
3 At 5 volts r.m.s. output. 
" Screen and suppressor tied to plate, 
b At 4 volts r.m.s. output. 
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6R7, 6R7G, 
7E6 

Plate 
Resistor 
Megohms 

6S7 

6SC7 

65.17 

0.05 

0.1 

0.25 

0.1 

0.25 

0.5 

0.1 

0.25 

Next-Stage 
Grid 

Resistor 
Megohms 

0.05 
0.1 
0.25 

0.5 

0.1 

6507, 6B6G, 
7B6,2A6, 75 

617G 

0.1 
0.25 
0.5 

0.25 
0.5 
1.0 

Screen 
Resistor 
Mephitis 

0.1 
0.25 
0.5 

0.25 
0.5 
1.0 

0.5 
1.0 
2.0 

0.25 

0.5 

0.1 

0.25 

0.5 

0.1 
0.25 
0.5 

Cathode 
Resistor 
Ohms 

1600 
2000 
2400 

2900 
3800 
4400 

6300 
8400 

10,600 

0.59 
0.67 
0.71 

430 
440 
440 

1.7 
1.95 
2.1 

620 
650 
700 

3.6 
3.9 
4.1 

1000 
1080 
1120 

Screen 
By-pass 
pfd. 

0.077 
0.071 
0.071 

0.058 
0.057 
0.055 

0.04 
0.041 
0.043 

0.25 
0.5 
1.0 

0.5 
1.0 
2.0 

0.1 
0.25 
0.5 

750, 
930, 
1040, 

Cathode 
By-pass 

2.6 
2.0 
1.6 

1.4 
1.1 
1.0 

0.7 
0.5 
0.44 

8.5 
8.0 
8.0 

6.0 
5.8 
5.2 

4.1 
3.9 
3.8 

0.35 
0.37 
0.47 

0.1 

0.25 

0.5 

0.05 

56, 76 0.1 

0.25 

0.25 
0.5 
1.0 

0.5 
1.0 
2.0 

0.1 
0.25 
0.5 

0.25 
0.5 
1.0 

0.89 
1.10 
1.18 

2.0 
2.2 
2.5 

1400, 
1680, 
1840, 

2330, 
2980, 
3280, 

500 
530 
590 

850 
860 
910 

1 300 
1410 
1 530 

Blocking 
Condenser 

µid. 

0.055 
0.03 
0.015 

0.03 
0.015 
0.007 

()lent 
\lofts 

(Persir) 2 

Voltage 
Gain' 

50 
62 
71 

9 
9 

10 

52 
68 
71 

10 
10 
10 

0.015 
0.007 
0.004 

54 
62 
74 

10 
11 
11 

0.0167 
0.01 
0.0066 

0.0071 
0.005 
0.0036 

57 
73 
82 

54 
66 
76 

57, 
78' 
89, 

98' 
122" 
136' 

0.0037 
0.0029 
0.0023 

0.033 
0.014 
0.007 

0.012 
0.006 
0.003 

0.10 
0.09 
0.09 

11.6 
10.9 
9.9 

0.07 
0.06 
0.06 

8.5 
74 
6.9 

1900 
2200 
2300 

3300 
3900 
4200 

0.06 
0.05 
0.04 

0.5 
1.0 
2.0 

0.1 
0.25 
0.5 

0.25 
0.5 
1.0 

0.5 
1.0 
2.0 

0.05 
0.1 
0.25 

5300 
6100 
7000 

1950 
2400 
2640 

3760 
4580 
5220 

6570 
8200 
9600 

2400 
3100 
3800 

6.0 
5.8 
5.2 

4.0 
3.5 
3.0 

2.7 
2.0 
1.8 

1.6 
1.3 
1.2 

2.85 
2.55 
2.25 

1.57 
1.35 
1.23 

0.006 
0.003 
0.002 

0.019 
0.016 
0.007 

0.011 
0.004 
0.003 

0.004 
0.032 
0.0015 

0.1 
0.25 
0.5 

4500 
6400 
7500 

0.25 
0.5 
1.0 

11,100 
15,200 
18,300 

1.02 
0.82 
0.70 

2.8 
2.2 
1.8 

1.6 
1.2 
0.98 

0.69 
0.5 
0.4 

0.03 
0.015 
0.007 

0.015 
0.037 
0.004 

52 
66 
73 

35 
50 
54 

45 
55 
64 

50 
62 
72 

72 
96 

101 

79 
88 
98 

0.007 
0.004 
0.002 

0.0245 
0.0135 
0.008 

0.012 
0.0075 
0.005 

0.008 
0.0055 
0.004 

0.08 
0.045 
0.02 

0.04 
0.02 
0.009 

0.02 
0.009 
0.005 

136' 
162' 
174' 

29 
34 
36 

39 
42 
45 

45 
48 
49 

67 
98 
104 

64 
79 
89 

31 
41 
45 

42 
Si 
60 

47 
62 
67 

139 
167 
185 

200 
238 
263 

31 
39 
42 

48 
53 
56 

58 
60 
63 

44 
58 
64 

57 
69 
80 

62 
77 
86 

65 
80 
95 

74 
95 

104 

82 
96 

108 

33' 

37' 
40' 
41' 

42' 
43' 
44' 

8.3 
8.9 
9.4 

9.5 
10.0 
10.0 

10.0 
10.0 
10.0 

I Value for both triode sections, assuming both are working under same conditions. In phase inverter service, the cathode resistor 
should not be by-passed. 
4 Voltage across next-stage grid resistor at grid-current point. 
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-8 MODULATOR DATA 

Class-B 
Tubes (2) 

Fil. 
Volts 

Plate 
Volts 

Grid 
Volts 
App. 

Peak A.F. 
Grid-to-Grid 

Voltage 

Zero-Sig., 
Plate Current 

Ma. 

Max.-Sig., 
Plate Current 

Ma., 

Load Res. 
Plate-to-Plate 

Ohms 

Max.-Sig. 
Driving Power 

Watts, 

_ 

Max -Sig.' 
Power Output 

Watts, 

RK59, 6.3 500 -17 - - 90 - 0.9 30 
300 -22.5 63 75 120 5,000 4.0 22 HY607 6.3 400 -22.5 57 75 120 6,000 3.0 30 

HY65, 6.3 450 - - - 125 - 0.4 34 
801-A/801 7.5 600 -75 320 8 130 10,000 3.0 45 
HY31Z4 5 6.3 300 0 104 20 100 5,000 1.4 18 

400 0 140 26 150 5,000 2.0 40 HY1231Z" 12.6 500 0 131 36 150 7,000 1.8 51 

815, 6.3 400 
5006 

-15 
-15 

60 
60 

22 
20 

150 
150 

8,000 
6,200 

0.36 
0.36 

42 
 54 

1624, 2.5 400 
600 

-16.5 
-25 

77 
106 

75 
42 

150 
180 

6,000 
7,500 

0.4 
1.2 

36 
 72 

HY6L6GX7 6.3 400 
500 

-25 
-25 

80 
80 

100 
100 

230 
230 

3,800 
4,550 

0.35 
0.6 

60 
75 

1220 7.5 750 0 195 - 170 9,000 2.6 80 
HY61 /8077 400 -25 80 100 230 3,800 0.35 60 

RK807 6.3 500 
600 

-25 
-30 

80 
80 

100 
60 

230 
200 

4,550 
6,600 

0.6 
0.4 

75 
80 

HY695 . 6.3 300 -25 106 60 150 4,000 0.25 30 
400 -25 145 60 170 4,000 0.4 40 

HY1269,7 12.6 600 -35 183 65 120 4,500 0.3 65 
500 -25 120 65 200 5,000 0.7 97 

RK12 6.3 750 0 129 50 200 9,600 3.4 100 
750 -40 320 26 210 6,400 6.0 90 

800 7.5 1000 -55 300 28 160 12,500 4.4 100 
1250 -70 300 30 130 21,000 34 106 
600 0 171 18 180 6,000 Noe 9 75 

HY3OZ 6.3 750 0 167 22 180 8,000 95 
850 0 171 28 180 10,000 it 110 

807" 6.3 400 -25 78 100 240 3,200 0.2 55 
500 -25 78 100 240 4,240 0.2 75 

1625" 12.6 600 -30 78 60 200 6,400 0.1 80 
750' -32 92 ao 240 6,950 0.2 120 
1000 -29 248 30 150 15,000 4.5 105 HK24 6.3 1250 -42 256 24 136 21,200 4.2 120 
500 -10 170 40 200 5,200 • 3.5 60 

809 6.3 750 -25 200 35 200 8,400 4.0 100 
1000, -40 230 30 200 12,000 4.2 145 
800 -27 250 20 280 6,000 5.0 135 830-13 10 1000 -35 270 20 280 7,600 6.0 175 
750 0 171 32 225 6,000 Noe 9 110 

HY4OZ 7.5 850 0 185 40 250 7,000 155 
1000 0 185 45 250 9,000 et 185 
1000 0 141 25 230 11,000 3.7 160 RK31 7.5 1250 0 141 35 220 18,000 4.4 190 

808 7.5 1250 
1500 

-15 
-25 

240 
220 

40 
30 

230 
190 

12,700 
18,300 

7.8 
4.8 

190 
 185 

RK37 7.5 1250 -35 282 25 235 18,000 7.2 200 

811 6.3 1250 
115500' 

0 
- 9 

140 
160 

48 
20 

200 
200 

15,000 
18,000 

3.8 
4.2 

175 
 225 

5.0 1000 -22 - - - 7,200 - 150 
35T to 1250 -30 - - - 9,600 - 200 

5.1 1500 -40 - - - 12,800 - 230 
1000 0 220 - 280 7,350 5.5 175 

TZ41), 7.5 1250 - 4.5 269 - 280 10,000 6.0 225 
1500 - 9 265 - 250 12,000 6.0 250 

RK52 7.5 1250 0 180 40 300 10,000 7.5 250 

203-A 10 1000 
1250 

-35 
-45 

310 
330 

26 
26 

320 
320 

6,900 
9,000 

10 
11 

200 
 260 

211 1 0 1000 
1250 

-77 
-100 

380 
410 

20 
20 

320 
320 

6,900 
9,000 

7.5 
8.0 

200 
 260  

838 1 0 1000 
1250 

0 
0 

200 
200 

106 
148 

320 
320 

6,900 
9,000 

7.0 
7.5 

200  
260 

750 -25 300 50 330 4,500 17 155 
HK158 12.6 1250 -50 280 35 225 12,500 10 200 

2000 -90 340 30 180 3,200 10 265 
1500 -45 300 40 198 16,800 5.0 280 

HK54 5.0 2000 -70 360 24 180 36,000 6.0 260 
2500 -85 360 20 150 40,000 5.0 275 
850 0 148 48 300 5,000 Note 9 160 

HY51Z 7.5 1000 0 170 ao 350 6,000 260 
1250 0 155 90 300 10,000 111 285 
1000 0 206 50 350 6,200 6.5 230 

203-Z 10 1250 - 4.5 215 60 350 8,000 6.75 300 
1000 0 190 70 310 6,900 5.0 200 

ZB120 10 1250 0 180 95 300 9,000 4.0 245 
1500 - 9 196 60 296 11,200 5.0 300 
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Clues-B 
Tubes (2) 

Fil. 
Volts 

Plate 
Volts 

Grid 
Volts 
App. 

Peak A.F. 
Grid-to-Grid 

Voltage 

Zero-Sig., 
Plate Current 

Ma. 

Mex.-Sig., 
Plate Current 

Ma., 

Load Res. 
Plate-to-Plate 

Ohms 

Max.-Sig. 
Driving Power 

Watts 3 

Max.-SIg., 
Power Output 

Watts3 

8005 10 1250 
15003 

—55 
—80 

290 
310 

40 
40 

320 
310 

8,000 
2,500 

4.0 
4.0 

250 
300 

HF100 10 
to 11 

1500 
1750 

—52 
—62 

264 
324 

50 
40 

270 
270 

12,000 
16,000 

2.0 
9.0 

260 
350 

805 
RK57 10 1250 

1500  
1700 
2000 

0 
—16 

235 
280 

148 
84 

400• 
400 

6,700 
8,200 

6.0 
7.0 

300 
370 

828° 10 —120 
—120 

240 
240  
— 
— 
— 

50 
50 

248 
270 

16,200 
18,300 

0 
0  
— 
— 
— 

300 
385  
200 
300 
400 

757 5.0 
1000 
1500 
2000 

— 
-- 
—  
—100 

— 
— 
— 

— 
— 
— 

6,800 
10,000 
12,500 

8003 10 1350 480 40 490 6,000 10.5 460 

1007H 
5.0 
to 
5.1 

2000 
2500 
3000 

Bias adjusted for max 
under no-signal 

Zero bias up 

mum rated pia • diuipation 
conditions 

to 1250 v. plate 

16,000 
22,000 
30,000 

May be driven 
by push-pull 

6161 

380 
460 
500 

HD203 -A 10 1500 —40 
1750 —67 — — 

400 
420 
456 

36 
36 425 425 8,000 9,000 Note 12 400 

500  
328 
418 
520 

HK254 5.0 
2000 
2500 
3000  
1500 

—65 
—80 
—100 

50 
50 
40 

260 
248 
240 

16,000 
22,000 
30,000 

7.0 
7.0 
7.0 

810 10 —30 345  
345 

80 500 6,600 12  
10 

510 
590 1627 5.0 2000 —50 60 420 11,000 

1 Values are for both tube . • 
2Sinusoidal signal values; peach values are approximately one-half For tubes biased to approximate cut-off and 80 per cent For 

zero-bias tubes. 
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. 
Instant-heating filament type. 
r Intermittent amateur and commercial service rating. 
- Beam tube. Class All. Screen voltage: 300. 
1 Beam tube. Class AB, Screen voltage: 125 at 32 ma. 
Driver: one or two 45s at 275 volts, self-biased ( —55 volts). 
o Beam Tube. Class AB:. Screen voltage: 300 at 10 ma. Effective grid circuit resistance should not exceed 500 ohms. 
Pentode. Class All. Suppressor voltage: 60 at 9 ma. Screen voltage: 750, 4/43 ma. at 1700 plate volts, 2/60 ma. at 2000. 
" 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 should be set as exactly as possi-
ble to the recommended value for the tube. 

Driver ;dotes 
or /me 

Trans 

11.5 V. — el V +SG. MOD.+N.V.. 

To Nod Anp 
Plate 

Ta 

ter for 
Mod Amp. 

MOD +11.V. 

Fig. 1313 — Class-B modulator circuit diagrams. Tubes 
and circuit considerations are discussed in the text. 
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Fig. 1315 — A conventional chassis arrangement for low- and 
medium-power Class-B modulator stages. The mechanical layout 
in general follows the typical circuit diagrama given in Fig. 1313. 

In estimating the output of 
the modulator, it should be re-
membered that the figures given 
in the tables are for the tube 
output only, and do not include 
output-transformer losses. The 
efficiency of the output trans-
former will vary with its con-
struction, 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 ade-
quate for modulating the trans-
mitter, therefore, the modu-
lator should have a theoretical 

Fig. 1314 — Chassis-less construction for a low-power Class-B modulator. 
Small tubes and transformers capable of an audio output of the order of 
100 watts can be mounted directly on the panel, eliminating the chassis. 

Fig. 1316 — A chassis arrangement for a higher-power Class-B 
modulator. This unit has the filament transformer for the tubes 
mounted on the chassis. Where the input transformer is included with 
the speech amplifier, less chassis space will be needed. The tubes are 
placed near the rear, where the ventilation is good. The plate millam-
meter is provided with a small plate over the adjusting screw, to 
prevent touching the screw accidentally. A 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. 

power capability about 25 per cent 
greater than the actual power needed 
for modulation. 
The input transformer, T1, may 

couple directly between the driver 
tube and the modulator grids or may 
be designed to work from a low-im-
pedance (200- or 500-ohm) line. In the 
latter case, a tube-to-line output trans-
former must be used at the input to 
the driver stage. This type of coupling 
is recommended only when the driver 
must be at a considerable distance 
from the modulator, since the second 
transformer not only introduces addi-
tional 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 
cases where the voltage values are 
correct, regulator tubes such as the 

VR75-30, 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 C1 in these diagrams will 
give a " tone-control" effect and filter 
out high-frequency side-bands (splat-
ter) caused by distortion in the modu-
lator or preceding speech-amplifier 
stages. Values in the neighborhood 
of 0.002 to 0.005 dd. are suitable. Its 
voltage rating should be adequate for 
the peak. voltage across the trans-
former secondary. The plate by-pass 
condenser in the modulated amplifier 
will serve the same purpose. 
The photographs illustrate different 

types of construction which may be 
used for Class-B modulators. The ac-
tual placement of parts is not critical. 



CHAPTER FOURTEEN 

V.H.F. Ileceivers 
IN ESSENTIAL principles, modern re-

ceiving equipment for the 28- and 56-Mc. 
bands does not differ from that used on lower 
frequencies. In view of the higher frequency 
there are, of course, certain constructional pre-
cautions which must be taken to insure good 
performance. The 28-Mc, band serves as the 
meeting ground between those ordinarily 
termed "communications frequencies" and the 
very-highs, and it will be found that most of 
the receivers described in Chapter Eleven are 
capable of working on 28 Me. In this chapter 
are described receivers and converters capable 
of good performance on 56 Mc. and higher. 

Federal regulations require that transmit-
ters working on all frequencies below 60 Mc. 
must meet similar requirements respecting 
stability of frequency and, when amplitude 
modulation is used, freedom from frequency 
modulation. It is thus possible to use receivers 
for 56-Mc. a.m. reception having the same se-
lectivity as those designed for the lower fre-
quencies. This order of selectivity is not only 
possible but desirable, since it makes possible a 
considerable increase in the number of trans-
mitters which can work in the band without 
interference, as compared to broad-band re-
ceivers. Also, high selectivity greatly improves 
the signal-to-noise ratio, both in the receiver 
itself and in the response to external noise. 
This means that the effective sensitivity of the 
receiver can be considerably higher than is 
possible with non-selective receivers. Receivers 
for f.m. signals usually are designed with less 
selectivity so that they can accommodate the 
full swing of the transmitter, but, at least for 
28- and 56-Mc. f.m. reception, the h.f. oscilla-
tor should be à stable as in a narrow-band 
a.m. receiver. 
The superheterodyne type of receiver is used 

almost universally on frequencies below 60 
Mc., because it is the only type of receiver that 
fulfills the above requirements for stability. A 
superheterodyne for a.m. reception and one 
for f.m. reception differ only in the i.f. ampli-
fier and second detector, so the "converter" 
or high-frequency portion of the superhetero-
dyne can be used for either a.m. or f.m. recep-
tion. Although superheterodynes can be built 
for 112-Mc, reception, the superregenerative 
type of receiver is much more widely used. 
The superregenerative receiver has the ad-
vantage of low cost and good sensitivity, al-
though its selectivity does not compare with 
the superheterodyne type of receiver. 
A superheterodyne receiver for 56-Mc, work 

should use a fairly high intermediate frequency 

so that image response and oscillator "pull-
ing" will be reduced. At 56 Mc., for example, a 
difference between signal and image frequen-
cies of 900 kc. (the difference when the i.f. is 
450 kc.) is a very small percentage of the signal 
frequency, consequently the response of the 
r.f. circuits to the image frequency is very 
nearly as great as to the desired signal fre-
quency. To get discrimination against the 
image equivalent to that obtained at 3.5 Mc. 
with a 450-kc. i.f. would require for 56 Mc. an 
i.f. 16 times as high, or about 7 Mc. if the cir-
cuit Qs were the same in both cases. However, 
the Q of a tuned circuit at 56 Mc. is not as high 
as at the lower frequencies, chiefly because the 
tube loading is considerably greater. As a re-
sult, still higher i.f.s. are desirable, and a prac-
tical compromise is reached at about 10 Mc. 

Since high selectivity cannot be obtained 
with a reasonable number of circuits at 10 Mc., 
the double superheterodyne principle is com-
monly employed. The 10-Mc, frequency is 
changed to an i.f. of the order of 450 kc. by a 
second oscillator-mixer combination. Thus the 
receiver has two intermediate frequencies, at 
both of which amplification takes place before 
the signal is finally rectified and changed to 
audio frequency. 

Very few amateurs build complete 56-Mc. 
superhet receivers along these lines. General 
practice is to use a conventional superhet 
receiver to handle the 10-Mc. output of a simple 
frequency-converter. Thus a regular communi-

Fig. 1401 — This 2M- and 5-meter 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 56- and 112-Mc. amateur bands. 

287 
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Fig. 1402 — A top view of the converter, showing arrangement of tubes 
and coils. The shaft projecting through the main chassis at the loser left 
is the i.f. transformer tuning control. The power transformer is sub. 
mounted so it does not interfere sith adjustment of the r.f. trimmer. 

cations-type receiver — or even an all-wave 
broadcast receiver — can be used with excel-
lent effect on 56 Mc. with the addition of a 
relatively simple and inexpensive " converter." 
Since most amateurs have communications re-
ceivers, the construction of a. good superhet 
for 56 Mc. is a relatively simple matter. 
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 itself — so-called 
"self-quenched" detectors. In the second, a 
separate oscillator tube is used to generate the 
quench voltage. The self-quenched receivers 
have found wide favor in amateur work. 
The simpler types are particularly suited for 
portable equipment where the apparatus must 
be kept as simple as possible. Many amateurs 
have "pet" circuits which are claimed to be 
superior to all others, but the probability is 
that the arrangement of their particular circuit 
has led to the use of correct operating condi-
tions. Time spent in minor adjustment of val-
ues will result in a smooth-working receiver 
free from howling and irregular performance 
and is well worth the effort. 

41 V.H.F. Converters 

If the amateur already has a communica-
tions receiver, or even a fairly decent all-wave 
b.c. set capable of tuning to 5 or 10 Mc., there 
is little or no need for building a special v.h.f. 
receiver, particularly for 56 Me. It is much 
easier to build a converter and work the con-
verter into the already existing receiver. The 
output transformer of the converter is tuned 
to the same frequency as the receiver (5 or 10 

Mc.) and the signal is coupled 
through a low-impedance line to 
the input of the receiver in much 
the same manner that link cou-
pling is used in a transmitter. 
All tuning is done with the con-
verter, and the output volume 
is adjusted to a suitable level by 
means of the gain control on the 
receiver into which the con-
verter is working. 

lq A High-Performance Con-
verter for 56 and 112 Mc. 

The converter shown in Figs. 
1401, 1402, 1403, 1404 and 1405 
uses the new 9000-series "but-
ton" tubes, which are quite, 
similar electrically to "acorn" 
tubes but are somewhat easier 
to handle. As can be seen from 
the diagram in Fig. 1403, a 9001 
r.f. stage is transformer-coupled 
to a 9001 mixer. The h.f. oscilla-
tor is a 9002 and it is capacity-
coupled to the mixer grid through 
C15. The output circuit (C14, C16 
and L7) is tuned to 10.2 Mc., 
approximately, although the 

converter could be made to work into some 
other i.f. with suitable changes in the output 
circuit and the oscillator coil, L5L6, 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, C14, is connected directly from 
plate to cathode, to short-circuit the signal-fre-
quency component in the plate circuit. This 
condenser is part of the i.f. tuned circuit, and 
its capacity must be taken into account in cal-
culating the inductance required at L7. 
The mixer and r.f. tuned circuits are made as 

low-C as is possible under the circumstances; 
the use of plug-in coils unavoidably introduces 
some stray capacity that would not be present 
if the circuits were made to operate on one fre-
quency only. The tuning condensers are cut 
down to two plates each, and have just about 
enough capacity range to cover the 56-Mc. 
band with a little to spare. The trimmers are 
mica units operated at nearly minimum capac-
ity, 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 favorably with those com-
monly attained 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-C 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-µgfd. unit 
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cut down to three plates and the trimmer is 
a 25-µsifd. air-dielectric unit. The oscillator and 
mixer circuits are coupled through a small 
homemade condenser, C15, 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 56 and 112 Mc., to 
give slightly better oscillator stability. A 
VR 105-30 voltage-regulator in the power sup-
ply adds further to the stability of the oscillator. 
The power-supply part of the circuit needs 

no comment, except to explain that a separate 
filament transformer was used only because no 
suitable small plate transformer was available 
with a 6.3-volt heater winding. 
The " chassis" on which the converter is as-

sembled is a piece of sheet copper, somewhat 
less than 1/16 inch thick, 5 inches long, and 
bent as shown in the photographs. The width 
on top is 1% inches, the height 2% 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 1% inches apart, center to center, with the 
r.f. tube 1% inches in from the rear edge. The 

9001 

T3 
Fig. 1403 — Circuit diagram of the 

CI, Ca — Approximately 5-,gad. 
variable (National UM-15 
cut down to 2 plates). 

Ca, C4— 3-30-ppfd. mica trimmer 
(National M-30). 

Ca — Approximately 8-iimfd. varia-
ble (National UM-15 cut 
down to 3 plates). 

Ca —25-pafd. air trimmer (Ham-
marlund APC-25). 

CT—Cm — 500-upfd. midget 
C12 100-Fidd. mica. 
C14 — 50-pedd. silver-mica. 

coil sockets are mounted on the side, 34 of an 
inch down from the top, so that the connections 
between socket prongs and the tuning con-
denser terminals can be made without addi-
tional wires. The spacing is such that the lead 
from the stator connection on the condenser to 
the grid prong on the tube socket is only about 
34-inch long. 
In building an assembly of this type, it is a 

practical necessity to do all the wiring before 
the tuning 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 
possible. Each stage has its own ground point, 
which, in the ease 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 
cathode 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 3/8-inch wide 

9001 

To 
Recy'r 

high-performance plug-in coil 56-112-Mc, converter using 9000-series tubes. 
Cla —Oscillator-mixer coupling con-

denser (see text). 
C18 — 25-mpfd. air trimmer (Ham-

marlund APC-25). 
C17 0.002-5M. mica. 
C18 0.01-mfd. 400-volt paper. 
Cla, C20 — 8.51d. 450-volt elec-

trolytic. 
Ri — 50,000 ohms, Ya-watt. 
Ri — 1200 ohms, 54-watt. 
Ra — 10,000 ohms, ¡-watt. 
R4 — 6000 ohms, 10-watt. 
Li—Lo — See coil table, p. 291, 

L7— 18 turns No. 22 e., close-wound 
on h'e -inch diameter form. 

La — 8 turns similar to L7, at 
ground end of 1.7. 

La Filter choke, 8 henrys, 55 ma. 
(Thordan3on T-14C62). 

Ti — Filament transformer, 6.3 
volts, 1.2 amperes (Stancor 
P-6134). 

Ti — Power transformer, 560-0-560 
volts, 30 ma. (Thordarson 
T-60R49). 

Si, S2 — S.p.s.t. toggle switch, 
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strips of thin copper, this being used in prefer-
ence to wire to reduce the inductance. 

For electrostatic shielding between the r.f. 
and mixer stages, two baffle plates are used. One 
small plate, not visible in the photograph, is 
fastened to the side of the 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 be 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 used chiefly to prevent 
electrostatic coupling between the r.f. and 
mixer trimmer condensers, which are mounted 
on the sides of the tuning condensers. A trans-
verse shield plate completely boxing off the 
two stages would be better, but it is an awk-
ward job mechanically in view of the necessity 
for assembling the condenser gang. 
No shielding is required between the mixer 

and oscillator; in fact, the stray coupling is too 
small to give good frequency conversion. The 
trimmer condenser is supported from the top 
of the chassis by a small bracket made from 
brass strip, bent to such a size that the rotor 
connection of the trimmer comes right at the 
rotor spring on the tuning condenser, where the 
two are soldered together. A small strip of cop-
per is soldered between the two sets of stator 
plates, using the soldered mounting on top of 
the trimmer for its connection. The coupling 
condenser is a small piece of copper bolted to 
the trimmer end plate and bent to face the 
other soldered mounting. The separation 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 coil 
must be boxed in, which is done by a piece of 
copper in the shape of a shallow U, held in place 
simply by making it fit tightly between the 

Fig. 1404 —Inside the converter unit, showing arrangement of the tuning 
condensers. The layout is quite compact, with leads kept as short as possible. 

vertical shields. This piece must be removable 
for changing the mixer coil. 

Care must be used in making soldered con-
nections on the polystyrene sockets and forms, 
since the material will soften with the applica-
tion of heat. Have the connections well cleaned 
before attempting to solder the wires, and hold 
the iron on the lugs just long enough to get 
a good joint. 
The bottom view shows the arrangement of 

the power supply and the i.f. output circuit. 
The transformer for the latter is wound on a 
National PRE-3 polystyrene form. It is 
mounted on a bracket to keep it about equally 
spaced from the top of the chassis and the bot-
tom of the cabinet in which the chassis fits. 
The various a.c. and d.c. supply connections 
from the converter are brought to lug strips, as 
shown; cathode resistors for the r.f. and mixer 
stages are mounted where they are readily ac-
cessible for trying different values. The power-
supply parts are arranged to fit in the remain-
ing space. The rubber feet at the rear of the 
chassis give a little space for circulation of air, 
since a fair amount of heat is developed by the 
transformers and regulator tube. 
A few mechanical points should be given 

consideration in assembling the tuning con-
densers. The screw-on shafts are likely to come 
loose with use unless they can be anchored in 
some way, and soldering is about the simplest 
scheme. The heat tends to cause the lubricant 
to run out of the shaft bearing, however. An-
other important point is to get the shafts of the 
three condensers lined up accurately so that 
the rotors 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, and, since the twisting depends 
upon the direction of rotation, this means that 
the assembly will have bad backlash. For the 
same reason, the dial must be lined up ac-
curately with the condenser shafts. Line up the 
shafts to run as true as possible and fix the 
stators where they want to come on the chassis, 

using shims if necessary. 
Alignment of the con-

verter will involve some cut-
and-try, using the coil spe-
cifications given in the table 
as a guide. It is best to line 
up the set with the 56-Mc. 
coils first before tackling 
the 112-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 56 to 60 Mc., 
will be from 45.8 to 49.8 
Mc.; this may be checked 
on another receiver, if avail-
able. If not, probably it will 
be necessary to use actual 



V.H.F. Receivers 291 
signals in the band for the purpose, which also 
will involve having at least the mixer hooked 
up. With the circuit specifications given, the 
oscillator padding condenser should be set at 
about half-scale. The inductance of L6 may be 
adjusted by closing up or opening out the turn 
spacing, which can be done within limits with-
out moving the ends of the coil. Once the right 
range is secured, the turns should be cemented 
in place. An alternative method of adjustment 
is to make the coil slightly large at first and 
then cut down the inductance with a shorted 
turn of wire which may be slid along the coil 
form. A limited range of inductance variation 
can be secured by this method. 
The oscillator tickler, L5, 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 
farther away from the plate coil. Incidentally, 
the oscillator should have a good steady d.c. 
note if means are available for listening to it 
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 L1. The mixer primary, La, 
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 
56 Mc., adjust the trimmer, C4, for maximum 
hiss; reset the oscillator to 60 Mc. and readjust 
C4. If more capacity is needed at C4 for maxi-
mum hiss, the inductance of L3 is too large; if 
less, L3 is too small. Make an appropriate small 
change in the inductance and try again, con-
tinuing the process until C4 peaks at the same 
setting at both ends of the band. Adjustment 
of the inductance of L3 may be accomplished 
by the means described above. 

COIL DATA 

Band Coil 

Li 
L2 
L3 
L4 
L5 
Le 

Li 
L2 
L3 
L4 
L5 
L6 

No. of 
Turns 

Wire 
Size 

Length 
Inches 

R emarks  

112.111c. 1 i 4 6 
Ws 
1M 6 
1% 
3/4  
13/4 , 

18 
24 
18 
24 
18 
24 

'54 o 

i.5 
vs 

3/4 " from Li 

%, from L3 

3/4 " from L5 

56 Mc. 4% 
2% 
41/2  
27/8 
3% 
2% 

18 
24 
18 
24 
18 
24 

% 
% 
746 
41  

32 

MI" from Li 

IA" from L3 

Vs" from Ls 

All coils wound on 34-inch diameter forms 
(Amphenol type 24-5H, 5-prong). 

Fig. 1405 —The converter power supply occupies the 
right-hand section of the chassis in this bottom view. 
The If. output section is in the upper left-band corner. 

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 fall band coverage. 
The r.f. stage is aligned in just the same way 

as the mixer circuit. The initial alignment 
should be done with nothing connected to the 
antenna posts. Should oscillation occur, reduce 
the size of L. until the stage is stable. Some 
slight trace of regeneration may remain, as in-
dicated by an exaggerated peaking in the r.f. 
stage, but this will disappear with any sort of 
antenna load on the r.f. tuned circuit. 
The procedure for the 112-Mc, coils is similar 

to that for 56 Mc. It is desirable to adjust the 
oscillator coil so that the trimmer, Co, does not 
need resetting when changing bands. (Bib. 1.) 

A Simple 56/112-Mc. Converter 

The converter shown in Figs. 1406, 1407, 
1408, 1409, 1410 and 1411 uses a 1232 loktal 
tube for the mixer and a 7A4 for the h.f. oscil-
lator. Although its sensitivity is not quite as 
good as that of the converter just described, it 
affords a simple converter for the v.h.f. range 
that will prove perfectly satisfactory. By 
grouping the tuning condenser, coil and tube 
socket closely together, it is a relatively simple 
matter to achieve low-enough circuit capaci-
ties to work readily on 112 Mc. As can be seen 
from Fig. 1408, the grid of the 1231 mixer is 
tapped down on the coil to reduce the loading 
on the circuit and obtain a better gain in the 
stage. The plate-tickler circuit in the oscillator 
permits the cathode to be grounded directly, 
causing a minimum of hum on the signal. 
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The oscillator tuning condenser is a 15-µµfd. 
condenser from which several plates have been 
removed, and this is paralleled by a 35-pfd. 
band-set condenser. With this type of band-
spread system the converter can be set to the 
desired frequency band and the mixer con-
denser turned to the point where the noise is 
greatest; thereafter the tuning is all done with 
the small oscillator condenser. When a signal 
has been tuned in the mixer can be peaked 
again, but this is not usually necessary over the 
range of the bandspread condenser. Pulling of 
the oscillator circuit by the mixer tuning is 
slight, because of the loose coupling. 
The chassis is made of 1/16-inch thick alu-

minium; other metals could be substituted, if 
necessary. The panel is 5M X 8 inches, but 
could be trimmed to 6 inches long. The extra 
length was included to put the dial in the cen-
ter of the panel and also to provide room for 
possible future switches for shifting to various 
i.f. amplifiers. The chassis itself is built from a 
piece of 5X-inch wide metal, bent to form a 
top VA inches wide and a back 4 inches deep. A 
finch lip is bent down from the top to fasten 

the chassis to the panel. The two sides are 
made by forming shallow Us (with -inch 
sides) to fit between the panel and the back of 
the chassis. A shield is fitted under the chassis, 
making the oscillator compartment 21. inches 
wide. This shield mounts the oscillator tuning 
condenser and the National TPB Victron 
through-bushing which serves as a coupling 
condenser between oscillator and mixer. 

Fig. 1406 —The simple converter uses a 7A4 omit 
lator and a 1232 mixer. The panel dial is the oscillator 
tuning dial; the panel knob is the mixer tuning control. 
Knob on side adjusts the oscillator band-set condenser. 

Fig. 1407— A rear view of the converter, showing the 
plug-in coils and the antenna terminals. The cable lead-
ing off at the left goes to the power supply; the twisted 
pair on the right carries the output to the id. amplifier. 

The coil forms are the small 3%-inch diameter 
Amphenol type made of polystyrene. The coil 
sockets, also of polystyrene, mount simply by 
drilling a hole and sliding the retainer rings 
over the sockets. The tube sockets are mounted 
in the same fashion. For short leads, the 
oscillator socket should be mounted with the 
slot towards the rear and the mixer socket with 
the slot towards the left-hand side. 
As mentioned before, the oscillator tuning 

condenser, C:4, is mounted on the shield parti-
tion, and the band-set condenser, C2, is 
mounted on the right-hand side of the chassis. 
The band-set condenser is insulated from the 
metal by fiber washers, so that there is only one 
ground point to the chassis for the oscillator 
circuit — that through the oscillator tuning 
condenser. The mixer tuning condenser, C1, is 
mounted on the right-hand side of the chassis 
and grounds the mixer circuit at that point. 
The oscillator tuning condenser and the 

mixer tuning condenser are fastened to their 
respective panel controls through insulated 
couplings, to avoid duplication of grounds. 
The panel and sides should be left off until 

all of the wiring that can be done without them 
has been finished. Heater leads, ground con-
nections, by-pass condensers, and resistors all 
should be put in before the sides and panel are 
attached. Do not hold the soldering iron on the 
Polystyrene socket lugs for longer than is nec-
essary to start the solder flowing or the socket 
contacts will loosen from softening of the 
polystyrene. A small, pointed soldering iron is 
best. A lead is run from the grid of the 1232 to 
the through-bushing on the partition but no 
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Fig. 1408 — Circuit diagram of the v.h.f. converter; 
Ci — 15-aafd. midget variable (Hammarlund HF-15). 
Ca — 35-add, midget variable (Hammarlund HF-35). 
C3 — 10-pfd. midget variable (Hammarlund HF-15 

with one stator and one rotor plate removed). 
C4 — 100-pafd. midget mica. 
CS, CS, C7 — 500-pfd. midget mica. 
Cs, CO — 0.01-pfd. 600-volt paper. 
R: — 500 ohms, )-watt. 
Ra — 125,000 ohms, 1-matt. 
R3 — 20,000 ohms, Y2-watt. 
R. — 10,000 ohms, 1-watt. 
Ti — 3 Mc.: 75 turns No. 30 d.s.c., dose-wound; coupling 

coil 20 turns No. 30 d.s.c.. close-wound. 
5 Mc.: 45 turns No. 30 d.s.c., close-wound; cou-
pling coil 14 turns No. 30 d.s.c., close-wound. 

1.4 — 112 Mc.: 2U turns No. 20 e., Y8-inch diameter, 
spaced wire diameter Grid tap 3% -turn from top. 

56 Mc.: 4y2 turns No. 20 e., VI-inch diameter, 
spaced over M inch. Grid tap 13/2 turns from top. 

— 112 Mc.: 3 turns No. 20 e., 3/-inch diameter, close. 
wound one wire diameter below cold end of Li. 
56 Mc.: 3 turns No. 24 e. close-wound 3,(3. inch 
below Li. 

Ls — 112 Mc.: 1 turn No. 20 e. 3j-inch diameter, 3 wire-
diameters below L4. 

56 Mc.: 1 h turns No. 24 e. close-wound % inch 
below L4. 

Li — 112 Mc.: 74 turn No. 20 e., Ya-inch diameter. 
56 Mc.: 1 ¡I" turns No. 20 e. spaced over % inch. 

Fig. 1409 — A view un-
derneath the v.h.f. con-
verter. Note that in the os-
cillator section (ou the 
left) the band-set and tun-
ing condensers butt into 
each other for short leads. 
The band-set condenser, 

is insulated from the 
side panel by washers, and 
the oscillator circuit is 
grounded to the chassis at 
only one point — through 
the tuning condenser. The 
Victron through -hush i n g 
which serves as the cou-
pling condenser between 
mixer and oscillator can be 
seen on the partition just 
above the oscillator tun-
ing condenser. The hush-
ing connects to the 1232 
grid on one side and is 
blank on the other. The 
i.f. transformer, Ti (not 
visible in this view), is 
built in a Hammar-
lund Eru shielded unit. 
Roth sections of the trim-
mer assembly condens-
er are used, in parallel. 

connection is made on the oscillator side, since 
the capacity between the bushing and the os-
cillator leads is sufficient for coupling. All r.f. 
leads and the leads for the by-pass condensers 
must be kept short and direct. 
The coil for the 56-60-Mc, range is wound in 

the usual manner on the outside of the coil 
forms. No trouble should be had in finding the 
56-Mc, amateur band, since the tolerance on 
the range of this coil is fairly wide. The only 
care necessary is to prevent the pins from loos-
ening up in the forms because of the heat when 
soldering. The wire should be well cleaned and 
a spot of flux used on the tip of the pin. No at-
tempt should be made to flow solder on the pin 
and wire; a drop of solder picked up by the 
iron can be held against the pin for just an 
instant, long enough to solder wire and pin 
together. If the pin loosens up or moves out of 
place, it can be heated again slightly (by hold-
ing the soldering iron against it) and held in 
the proper position with long-nosed pliers. 
When the metal (and coil form) cools, it should 
be as solid as ever. If it isn't it doesn't mat-
ter too much, since the form still can be 
plugged in the socket without difficulty. 
The coils for the 112-116-Mc, range are 

wound inside the coil forms. It is a simple mat-
ter to adjust them, however, since the forms 
can first be sawed through near the base and 
the coils adjusted by spreading the turns. When 
the necessary adjustments have been made the 
coil form can be fastened together by Duco ce-
ment, thus avoiding danger of its being in-
jured by handling. 
The usual rule must be followed with the os-

cillator coil; i.e., if both grid and plate coils are 
wound in the same direction, the grid and 
plate connections should come off at opposite 
ends (in this case, the outside ends). 
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The connections for the oscilla-
tor coil, looking at the form from 
the bottom, are (starting with the 
wiçIely spaced pin and going clock-
wise): plate, ground, "B" -I-, grid, 
blank. In the same manner, the 
mixer-coil connections are: grid, 
tuning condenser, antenna, an-
tenna, ground. Both mixer and os-
cillator coil sockets are mounted 
with the odd pin at the top. 

If connections have been kept 
short, no trouble should be exper-
ienced in making the oscillator 
oscillate on any of the ranges. For 
the 112-Mc, band, the oscillator 
band-set condenser setting will be at minimum 
capacity. For 56' Mc. it should be set at about 
mid-scale, varying slightly with the i.f. used. 
The converter is coupled into the i.f. ampli-

fier through a low-impedance link. This re-
quires that the input transformer in the i.f. 
amplifier be modified by winding a number of 
turns about the grid coil as a link coil. Alter-
natively, a duplicate of the output transformer, 
7'1, can be substituted for the first transformer 
in the i.f. amplifier. If a receiver is used for the 
i.f. amplifier, the output leads connect to 
ground and to the grid cap of the mixer tube in 
the receiver, replacing the regular grid lead. 

Antennas for use with the converter present 
the same problem that they do with any v.h.f. 
receiver; the best one for the service required is 
the one to use. A little experimenting with the 
antenna coil, L2, may help in giving a better 

Fig. 1410 — The mixer circuit can be seen in this view of the 56/112-Mc, converter 
with the side panel removed. The tie strip at the lower right takes the output leads 
from the i.f. transformer. The interstage through-bushing can be seen just to the left 
of and under the tuning condenser, with a wire from it running to the 1232 grid terminal. 

Fig. 1411—The 112-Mc. coils (right) are wound self-supporting inside 
the coil forma, while the 56-Mc, coils are wound in the usual manner. 

match to the antenna system; the dimensions 
given are average values that work out about 
right for low-impedance line input. 

If signals are weak, the trouble probably can 
be accounted for by too much or too little os-
cillator voltage reaching the mixer. This can 
be adjusted over a considerable range by mov-
ing the tickler coil, L3, closer to or farther 
away from Li. However, the adjustment does 
not seem to be too critical. 

For maximum performance and stability, it 
is suggested that a voltage-stabilized power 
supply be used. (Bib. 2.) 

C, A 56-Mc. Converter with 1852 
R.F. Amplifier 
The performance of a converter can be im-

proved by equipping it with an r.f. amplifier 
stage preceding the mixer. The additional am-

plification provided is 
seldom necessary with 
a communications re-
ceiver functioning as 
an i.f. amplifier, but 
the improvement in 
both image rejection 
and signal-to-noise ra-
tio is worth while. A 
converter with an r.f. 
amplifier stage is 
shown in Fig. 1412. 
As the circuit, Fig. 
1413, shows, an 1852 
is used as the r.f. am-
plifier or preselector, 
and a triode-hexode 
converter tube, the 
6K8, is used as a com-
bined mixer and os-
cillator. The interme-
diate frequency is 10 
megacycles. 
The metal chassis 

measures 1 X 3% X 
7 inches. Shielding be-
tween stages is pro-
vided by the right-
angle partition shown 
in the photograph. 
This partition is 2% 
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Fig. 1412 — Left — A superheterodyne converter for 56-Mc. reception. Designed for use with a communications.. 
type receiver, this converter has an 1852 r.f. stage and a 6K8 mixer-oscillator. A high i.f. (10 Mc.) gives good image 
reduction. Right — Below-chassis wiring of the metal-tube converter. The 1852 socket may be seen at the right. 

inches high, and the side parallel to the front 
edge of the chassis is 4 inches long. The portion 
supporting the 6K8 is 2M inches long. The 
6K8 is mounted at the bottom of the shield, 
its grid cap facing the left end of the base. 
The 1852 grid tuning condenser, C1, and coil, 

LI, are mounted to the rear of the 4-inch sec-
tion of the shield. The 1852, condenser C2 and 
coil L2 are mounted in front of the partition, 
with Cry directly in line with C1. A hole through 
the shield permits the two shafts to be con-
nected by a flexible coupling. Both of these 
coils, and also Lry, have their terminals soldered 
directly to the condenser lugs. 
The oscillator-mixer section of the circuit is 

to the right of the 2%-inch partition, with the 
tube socket mounted on the same side. Cry, also 
mounted on the partition, is located at the rear 
of the tube socket. The i.f. transformer, T1, is 
mounted at the right rear corner of the chassis. 
The output leads from this transformer are 
shielded, to prevent stray pick-up between the 

R.F. AMP 
1852 

Fig. 1413 — Circuit diagram 

CI, Ca 15-µpfd. midget variable 
(National UM-15). 

Ca — Same as CI but mith two 
rotor plates and one stator 
plate removed. 

C4, Ca — 3-30-gpfd. compression. 
type mica trimmer. 

Co to Ca, inc. — 0.005-µfd. mica. 
Cto — 0.002-51d. mica. 
C11 —250-pfd. mica. 
Cia 100-µpfd. mica. 
RI —200 ohms, 3.-watt. 

L  

re RFC 1C2 o o 

TT:C. Ri 

converter and the receiver. By-pass condensers 
and resistors are closely grouped around the 
tube socket, assuring short leads. A trimmer 
condenser, C4, soldered across Lry, allows a small 
variable capacity to be used as the tuning ele-
ment and at the same time adds enough ca-
pacity to make the circuit fairly high-C for good 
stability. 
A small panel is used to mount a vernier dial 

for the oscillator condenser. Since the r.f. tun-
ing is broad enough to cover a good portion of 
the band with one setting, a small knob gives 
sufficient control. 
The output line may be connected to the 

antenna and ground terminals of the standard 
receiver used as an i.f. amplifier, or to the 
"doublet" terminals, if provided. The exact 
i.f. chosen is not particularly important, so 
long as it is in the vicinity of 10 Mc. Choose a 
frequency which is free from audible signals, if 
possible, so that there will be no unnecessary 
interference from this source. 

61(8 
MIXER OSC. 

(P---

C9 

RFC. 

6.3V. -250V 6.3V. + 250 
of the 1852-6K8 56-Mc. metal-tube superheterodyne converter. 

R2 — 65,000 ohms, )4watt. 
Rs — 50,000 ohms, %.watt. 
R4 — 300 ohms, Y2-watt. 
R5 — 20,000 ohms, 3-watt, 
116 — 20,000 ohms, 2-matt. 
RFC — In the 1852 plate circuit, a 

2.5-mh. r.f. choke; in the 
oscillator circuit, a v.h.f. 
r.f. choke (Ohmite Z-1). 

Li — 6 turne No. 14, 54-inch 
diameter, length 1 inch. 

L2 — 6 turns No. 14, 34-inch 
diameter, length 8-inch. 

La 10 turns No. 14, Winch di-
ameter, length 1% inches, 
tapped 4th turn from grid 
end. 

I.F. Output Transformer — P, 25 
turna No. 28 d.s.c. close-
wound on 34mch form; 
S, 6 turns wound over P at 
bottom; C, 35-tgefd. midget 
variable. 
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Fig. 1414— Left—The panel of the two-band superregenerative receiver measures 7 inches square. The knob in 
the upper right-hand corner adjusts antenna coupling, while the knob below the tuning dial controls regeneration. 
Right— A rear view of the two-band superregenerative receiver, showing the variable antenna coupling and the 
placement of parts. Note the 224-Mc, coil in the foreground; the 112-Mc, coil is in the coil socket, in this view. 

Tuning of the converter is as follows: With 
the r.f. and oscillator condensers at about half 
capacity, the padder, C4, is adjusted until 
56-Mc. stations of known frequency are heard. 
After this the padder may be set to bring the 
high-frequency end of the band near minimum 
capacity on Cg. The i.f. transformer should 
then be tuned for maximum signal strength. 
The 56-60-Mc. band will occupy approximately 
60 to 70 divisions on the dial. The r.f, and 
mixer input circuits, LiCi and L2C2, may be 
made to track by squeezing or spreading the 
turns of L1 and L2 until both cover the same 
frequency range, as determined by loosening 
C1 from the coupling and turning it independ-
ently to see if it peaks the noise at the same 
setting as C2. 
Any type of antenna may be used, so long 

as it loads the r.f. grid circuit quite heavily. 
Optimum operation will result under these con-
ditions. A single-wire antenna may be capac-
ity coupled, while a two-wire feeder system 
should be inductively coupled. The coupling 
coil may be slightly smaller than the r.f. coil, L1. 

tit A Superregenerative Receiver for 
112 and 224 Mc. 
The receiver shown in Figs. 1414, 1415 and 

1416 has very good sensitivity on both 112 and 
224 Mc., although it is not free from radiation 
as is a receiver with an r.f. stage. However, for 
the amateur who wishes to experiment on these 
two v.h.f. bands this receiver will permit good 
reception at a minimum of expense. There is 
nothing unusual about the circuit; it is the fa-
miliar type of self-quenched superregenerative 
detector, followed by two stages of audio 
amplification. 
The receiver is built on a 7 X 7 X 2-inch 

chassis. The dial is mounted in the center of the 
panel and is connected to the tuning condenser 
by a flexible bakelite coupling. The condenser 
is mounted on a metal bracket, cut out in the 

shape of a U to clear the stator connections of 
the condenser. 
The socket for the plug-in coils is made using 

contacts taken from an Amphenol 78-7P 
miniature tube socket. They are obtained by 
squeezing the socket in a vise until the bakelite 
cracks, after which they can be easily removed. 
One contact is soldered to each of the tuning 
condenser connections and a third is soldered 
to a lug supported by one of the extra holes in 
the Isolantite base of the tuning condenser. In 
mounting the contacts they must all be at the 
same height, so that the plug-in coil will seat 
well on them. The band-set condenser, C2, is 
mounted by soldering short strips of wire to the 
ends and then soldering these wires to the tun-
ing condenser terminals. 
The polystyrene tube socket for the 9002 is 

mounted on a metal bracket, which is placed 
close enough to the tuning condenser to allow 
a very short lead from the tuning condenser to 
the plate connection and just enough room be-
tween the rotor of the condenser and the grid 
connection of the tube for the grid condenser. 
Heater and cathode leads are brought to the 
underside of the chassis through a rubber 
grommet. 
The variable antenna coupling coil, L1, is 

mounted on a polystyrene rod supported by a 
shaft bearing. The rod is prevented from mov-
ing axially in the bearing by cementing a fiber 
washer to the shaft and tightening the knob on 
the other side so that the shaft does not move 
too freely.The antenna coupling loop should be 
adjusted so that, as it is rotated, it will just clear 
the coils when they are plugged into the socket. 
The coils are mounted on small strips of 

inch polystyrene (Millen QuartzQ) as bases, 
which have three small holes drilled in them 
corresponding exactly to the tops of the coil 
sockets. Each coil is cemented to the strip with 
Duco cement at the points where the wire 
passes through the base. The No. 18 wire used 
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Ci — Two-plate variable (National 
UM-15, 4 plates removed). 

C2 -- 3-30-gpfd. mica trimmer. 
Ca 50-ppfd. mica. 
C4 — 0.003-pfd. mica. 
Ca, C7 — 10-µfd. 25-volt electro-

lytic. 
C6 — 0.01-pfd. 400-volt paper. 
Ri — 10 megohms, 3/2-watt. 
R2 — 50,000-ohm wire-wound po-

tentiometer. 

6 3V -180V + 

Fig. 1415 — Wiring diagram of the v.h.f. superregenerative receiver for 112 and 224 Mc. 

Ra — 0.1 megohm, 1-watt. L2 — 112 Mc.: 3 turns No. 18 e., 
Rs —2500 ohms, h-watt. 3/2-inch diameter, h-inch 
Ra, Re, R7 -- 0.1 megohm, Va-watt, long. Tapped 1h turns 
Rs — 500 ohms, 1-watt, from plate end. 
J — Closed-circuit jack. 224 Mc.: 2 turns No. 18 e., X-
S — S.p.s.t. toggle switch. inch diameter, spaced over 
Ti — Single plate to single grid h inch. Tapped at center. 

audio transformer (Thor- RFC' — 25 turns No. 24 d.c.e. 
darson T-57A36). close-wound, h-inch diem-

14 — 1 turn No. 14 e., 3%-inch eter. 
inside diameter. RFC2 — 8 mh, r.f. choke. 

for the coils will fit snugly in the sockets if the 
contacts are pinched slightly. A coil socket of 
this type allows very short leads to be used, and 
is about the only thing practical until some 
manufacturer brings out a commercial product 
along these lines: The coils are trimmed to 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. If there are 
no good marker stations available by which fre-
quency can be checked, an absorption frequency 
meter or the Lecher wire system described in 
Chapter Sixteen may be used for spotting 
the bands. 
Two factors which will be found to influence 

the sensitivity of the receiver are the value of C4 
and the degree of antenna coupling. It is rec-
ommended that values of C4 from 0.001 to 0.005 
ofd. be tried. The antenna coupling will, of 
course, vary greatly with the setting of L1 and 

Fig. 1416— Left — A close-up view of the tuning assembly, showing 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-pfd. 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 strips. 
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with the type of antenna used, and it is well 
worth while to tune the antenna circuit and 
then vary the coupling with the panel con-
trol. Tight coupling usually will give better 
results than loose coupling and the coupling 
can be increased almost up to the point where 
it is no longer possible to make the detector 
oscillate, with no ill effects except increased 
radiation and possible QHM for other receivers 
in the vicinity. 
No audio volume control was included in this 

receiver because the parts were held down to a 
minimum, but one could easily be added. In 
this receiver, the value of R7 was adjusted until 
normal loudspeaker output was obtained; 
this value may be varied to meet any particular 
requirements. (Bib. 3.) 

41 A T.R.F. Superregenerative Receiver 
The receiver shown in Figs. 1417, 1418, 1419 

and 1420 is practically identical to that de-
scribed in the foregoing section, with the excep-
tion that a stage of tuned r.f. amplification and 
an audio gain control have been added. The 
9001 tube used for the r.f. amplifier gives some 
slight gain, freedom from antenna effects, and 
— most important of all — prevents radiation 
from the receiver. 
The arrangement of parts, as shown in the 

photographs, is convenient in that it results in a 
fully shielded receiver (except for the r.f. 
tubes) which is easy to work on. The r.f. unit 
can be demounted from the chassis and worked 
with separately; once adjusted, it can be 
replaced and left alone. The receiver is a one-
band affair, but the only disadvantage in this is 
a lack of economy. The main chassis, which 

measures 7 X 7 X 2 inches, contains the audio 
components and the volume and regeneration 
controls. The r.f. portion is housed in a 3 X 4 
X 5-inch box with everything but the dial and 
the antenna terminals mounted on the remov-
able cover, enabling the builder to get at the 
parts easily. Only three leads are brought down 
from this box to the main chassis, and these are 
left long enough so that they do not need to be 
unsoldered when the box is removed from the 
chassis. A shield mounted on the side of the box 
helps to prevent coupling between the r.f. and 
detector coils. Holes on either side of the box 
allow the trimmer condensers to be adjusted 
when the receiver has been finally assembled. 
As can be seen from the close-up view of the 

r.f. portion, the two tuning condensers and the 
two sockets are mounted on the removable 
top of the box and support all of the compo-
nents. The trimmer condensers are soldered di-
rectly to the tuning condenser terminals and 
the coils are self-supported by their leads. A tie 
strip takes the leads that run out of the box 
and also serves as a convenient point to fasten 
RFC7, Cg and some of the other resistors and 
condensers. The leads are not quite as short in 
this arrangement as they are in the receiver of 
Fig. 1414, but that makes no practical difference 
because this receiver is built only for 112 Mc. 
and does not have to tune down to 230 Mc. 
The coils are wound on small polystyrene 

forms. It is suggested that the No. 20 wire 
secondary coils be wound first. The plate 
tap for I/4 should be soldered, and the coils can 
then be doped. When the dope has hardened, 
the fine-wire coils can be more easily wound in 
between the turns and fastened with dope. The 

Fig. 1417— Left-- The 112-Mc. t.r.f. superregenerative receiver uses a 9001 in the r.f. stage, 9002 detector, 615 
first audio, and 6F6 output stage. The knobs along the front are audio volume control (left) and the regeneration 
control. The rubber grommet on the side of the 3 X 4 X 5-inch box centers the screwdriver used for setting the 
detector band-set condenser; a similar one is provided on the other side for the r.f. band-set adjustment. Note the 
'phone jack on the side; the speaker terminals are located at the rear. Right — A view under the chassis of the 
t.r.f. receiver shows the audio transformer and the arrangement of some of the other components. The three wires 
coming through the chassis to the right of the "B" switch are the leads from the rd. section of the receiver. 
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Fig. 1418 — Wiring diagram of the tuned r.f. 
superregenerative receiver for 112-Mc. 

Cs — 2-plate midget variable (National 
UM-15 with 4 plates removed), ganged. 

C2, C4 — 3-30-gpfd. mica trimmer. 
C5, Ce, C7 — 500-pad. mica. 
CS — 50-iurfd. mica. 
CO — 0.003-ofd. mica. 
C10, C12 — 10-pfd. 25-volt electrolytic. 
Cii — 0.01-pfd. 400-volt paper. 
Ri — 200 ohms, h-watt. 
Ra — 0.25 megohm, 54-watt. 
R3 — 10,000 ohms, 3/2-watt. 
R4 — 10 megohms, 54-watt. 
114 — 0.5-megohm volume control. 
Re — 50,000-ohm wire-wound variable. 
R7, R3 — 0.1 megohm, 1-watt. 
Rs — 2500 ohms, 34-watt. 
Rio — 0.5 megohm, 34-watt. 
Ru i — 500 ohms, 1-watt. 
Li - turns No. 28 d.s.c. interwound 

between turns of L2. 
L2 — 2 turns No. 20 e., 34-inch winding 

. length. See text for trimming method. 
L3 — 134 turns No. 28 d.s.c. interwound be-

tween turns of L4. 
L4 _2 1% turns No. 20. e., 34-inch winding 

length. Tapped 34 turn from plate 
end. See text on how to trim. 

(Li-La and La-L4 on National PRE-1 forms.) 
RFC' — V.h.f. r.f. choke (Ohmite Z-1). 
RFC2 — Low-frequency choke (National 

OSR with windings in series, "B " 
and "Gnd" connected together). 

J — Closed-circuit jack. 
S — S.p.s.t. toggle sis itch. 
Ti — Single plate to single grid audio trans-

former (Thordarson T-13A34). 

No. 20 wire leads run through holes in the 
forms, while dope only is used to keep the fine-
wire coils secure. This has the advantage that 
the fine-wire coils can be trimmed by " peeling 
off" a small fraction of a turn at a time. The 
larger coils are trimmed by bringing the last 
half-turn back through the inside of the coil. 
By moving this half-turn around, the in-
ductance of the coil can be adjusted over a 
range wide enough to allow the 
detector and r.f. circuits to track 
well over the whole band. This 
method of inductance trimming 
is described elsewhere in this 
Handbook (§ 7-7). 
The r.f. stage is trimmed by 

adjusting its trimmer condenser 
to the point where the regenera-
tion control has to be set at a 
maximum. Either side of this 
point the control does not have 
to be advanced as far, indicating 
that the r.f. stage is not in reso-
nance. When the r.f. and detector 
circuits are tracking properly, 
it will not be necessary to 
change the setting of the regen-
eration control more than 45° or 
so over the entire range. The 
bandspread can be increased by 
using less inductance and more 
trimmer capacity. With the coil 
specifications given, the band 
covers about 75 dial divisions. 
A two-wire line from the an-

tenna usually will prove best. 
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It should be tried with one side grounded or not, 
to see which gives the better coupling. In one 
instance where a single-wire antenna was used 
some instability of the r.f. amplifier was traced 
to the antenna wire running too close to the de-
tector tube, and it is recommended that the 
antenna wire or wires be run away in such a 
fashion that there is no chanoe for coupling of 
this type. (Bib. 3.) 

Fig. 1419 — The r.f. section of the 112-Mc. t.r.f. receiver removed from 
the chassis. The detector tuning condenser, Ca, is nearest the tuning dial 
and the detector socket is at the bottom of the picture. The interstage 
shield is fastened to the side of the box. The trimming loop for adjusting 
inductance can be seen on the r.f. coil, near the antenna posts at the right, 
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Fig. 1420 — Close-up of the rd. assembly of the 112-Mc. t.r.f. receiver 
showing arrangement of parts. The band-set condensers are mounted on 
the tuning condensers. The ends of the antenna coil (upper left) are 
soldered to the antenna posts after the assembly is mounted in the box. 

F.M. I.F. Amplifiers 

As pointed out earlier in this chapter, an 
f.m. receiving system differs from an a.m. re-
ceiver in that the pass-band is wider and a limi-
ter and discriminator are used instead of a sec-
ond detector. The front end of an f.m. receiver 
is conventional, and any of the converters de-
scribed can be used to feed an f.m. i.f. ampli-
fier. The f.m. i.f. amplifier may be either the 
i.f. amplifier of an f.m. broadcast receiver (of 

Fig. 1421 — Circuit diagram of a separate frequency 
converter for use with the f.m. amplifier of Fig. 1423. 

Cl, C2 — 100.µµfd. midget variable. 
Ca, Cs, 0.01-pfd. 400-volt paper. 
C4 — 50-pfd. mica. 
— 0.002-pfd. mica. 

Ri — 250 ohms, )4watt. 
R2-- 50,000 ohms, 4-watt. 
Rs — 25,000 ohms, 1-watt. 
R4— 50,000 ohms, 1-watt. 
T1 — Input transformer of f.m. i.f. amplifier. 
Li — 4 turns No. 22 d.c.c., close-wound, %.inch from La. 
1+2 10 MC.: 11 turns No. 22 d.c.c., close-wound on 1-

inch diameter form. 
La — 15 Mc.: 6 turns No. 22 d.c.c., close-wound on 1. 

inch diameter form. 13 Mc.: 6 turns No. 22 
d.c.c., close-wound on 1-inch diameter form. 

— 2 turns No. 22 d.c.c., close-wound; spacing from 
L2 adjusted to give 0.15 ma. d.c. through Ra. 

which there are several on the mar-
ket) or it can readily be built by 
the amateur. If the i.f. system of 
the f.m. broadcast receiver is used, 
the i.f. frequency should be learned 
so that the output of the converter 
can be tuned to this frequency and 
coupled to the grid of the mixer 
tube of the receiver. If the con-
verter is already built, a separate 
converter to work from the first 
converter into the f.m. intermedi-
ate frequency can be used. Such a 
device is shown in Fig. 1421. • 

Since most of the available broad-
band i.f. transformers suitable for 
f.m. reception are built for fre-
quencies of 5, 4.3 and 3 Mc., it is 
necessary to use a second conver-
sion between the output of • the 
converter (usually 10 Mc.) and the 
f.m. i.f. system, unless the con-
verter is rebuilt to give output on 
the f.m. intermediate frequency. 
Such a converter can be made using 
a single 6K8 tube. The circuit and 

necessary constants are given in Fig. 1421. The 
combination of CiL2 is tuned to the converter 
output frequency. T1 is the input transformer 
of the f.m. amplifier, and L3C2 is tuned to the 
sum of the converter output frequency plus 
the f.m. amplifier frequency. For example, a 
converter giving 10-Mc, output and working 
into a 5-Mc. i.f. amplifier will have the os-
cillator circuit (L8C2) tuned to 10 + 5 or 
15 Mc. 

.J 

A 5-Mc. F.M. I.F. 
System 

The i.f. amplifier shown 
in Figs. 1422, 1423 and 
1424 is a broad-band af-

fair working on 5 Mc. which can be used for 
either f.m. or a.m. reception merely by switch-
ing the grid lead of the first audio tube from 
across the discriminator load (for f.m. recep-
tion) to the limiter grid resistor (for a.m. recep-
tion). Used with the converters described (or 
any combination capable of working into a 5-
Mc. amplifier), the system can be used for the 
reception of a.m. and f.m. signals in the 43-Mc. 
band, a.m. and f.m. amateur signals in the 56-
Mc. band, or f.m. and a.m. signals in the 112-
Mc. band. If operators of 112-Mc, stations us-
ing modulated oscillators will reduce the modu-
lation percentage and thus bring the frequency 
deviation down to a reasonable range, the sys-
tem will make an excellent receiver for the re-
ception of modulated oscillators. When op-
erated with reduced modulation even the 
smallest transceiver will sound many times 
better, and audio power will be saved, as well. 
As may be seen from Fig. 1423, the two 

stages of high-gain amplification using type 
1852 tubes are unconventional only in that re-
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sistors are used across the transformer wind-
ings to widen the pass band, and no gain con-
trol is included. No means of controlling gain 
is required, because it is always desirable 
to work the stages preceding the limiter at 
their highest level. The limiter stage uses 
a 6SJ7, with provision through 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, and low 
screen and plate voltages allows the tube to 
saturate quickly, even at low signal levels, and 
the tube wipes off any amplitude modulation 
(including noise) and passes only frequency 
modulation. For a.m. reception, the audio 
system is switched by Stol to the grid leak, 
R16, and the grid and cathode of the tube are 
used as a diode rectifier to feed the audio sys-
tem. The jack, J, in series with the grid leak, is 
used for plugging in a low-range milliammeter 
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 circuit. Audio from 
the discriminator (or from the limiter stage, 
in a.m. reception) is fed through the volume 
control, R25, into a two-stage audio amplifier 
using a 6SF5 and 6F6 output pentode. The re-
sistor, R11, and condenser, C12, in the input of 
the audio circuit, serve as a combined r.f. filter 
and compensating network to attenuate the 
higher audio frequencies. This is necessary 
when listening to 43-Mc, broadcast stations, 
since nearly all use " pre-distortion" (accented 
higher frequencies). A 0.01-µfd. condenser across 
the output terminals will give further high 
frequency compensation, if necessary. 
The power supply uses a two-sec-

tion filter, and an outlet socket is pro-
vided so that the converter power 
cable can he plugged in. A VR150-30 
regulator tube is used for additional 
stability with changes in line voltage. 
The regulator tube is not absolutely 
necessary, and, if desired, it may be 
omitted. 
The amplifier is built on a 7 X 9 X 

2-inch chassis. Reference to Figs. 1422 
and 1424 will show the location of the 
parts on the chassis. After all holes 
have been drilled the sockets and the 
transformer should be fastened in 
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 re-
moved some distance from the ampli-
fier, the first i.f. transformer 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 form 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 has dried, slip the coil 
off the form. The plate and " B "A- wires may 
be removed from the trimmer condenser in the 
transformer, 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-turn 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 this lead shorting against the turns 
of the coil when the paper ring is slipped in 
place. The two ends of the link coil are brought 
out the bottom of the shield can and later 
fastened to the input terminals of the set. 

It is possible to use the transformer by merely 
running the plate lead to the mixer tube in the 
converter, but this makes it less convenient to 
use the converter with other i.f, amplifiers 
since it would require soldering and unsoldering 
wires each time the change was made. Further-
more, the long lead to the mixer tube would 
increase the chances for stray pick-up of 
signals in the vicinity of 5 Mc. 
The screen by-pass condensers, C1, C4 and 

C8, are mounted across the sockets so that they 
act as partial shields between the plates and 
grids of the single-ended tubes. Tie-points are 
used wherever needed for mounting the resistors 
and condensers. It is recommended that the 
1852, 6SJ7 and 6H6 stages be wired first, so 
that the leads carrying r.f. can be made as short 
and direct as possible. The rest of the leads may 

Fig. 1422 — A 5-Mc. f.m./a.m. amplifier, complete with power sup. 
ply. Controls on the front, from left to right, are the audio volume 
control,"B" -I- switch, and the limiter control. The f.m./a.m. switch 
is on the end. The jack beside it is for the limiter-current meter. 
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Fig. 1423 —Wiring diagram of the broad-band 5-Mc, frequency-modulated/amplitude-modulated i.f. amplifier. 
Re, Rio, Rio — 150,000 ohms, 3x2-

watt. 
R12, R14 — 60,000 ohms, 3/2-watt. 
Ria, Ru — 100 ohms, h-watt. 
R17 25,000 ohms, 10-watt wire-

wound. 
Ris — 3000-ohm wire-wound po-

tentiometer. 
R10 — 5000 ohms, 10-watt wire-

wound. 
R20 — 500 ohms, 1-watt. 

Ria — 250,000 ohms, 34-watt, 
R24 — 5000 ohms, .'N,1111. 
R25 — 500,000-ohm volume control. 
Ti — 5-Mc, f.m. i.f. input trans-

former, modified (see text) 

Cl, C2, Ca, C4, C5, Ce, Cs, Ci 3, Cis — 
0.01-pfd. 600-volt paper. 

C7, C10, C11— 100 -ppld. midget mica. 
Co — 50-Wd. midget mica. 
C12 0.001-pfd midget mica. 
C14, C17 10-pfd. 25-volt elec-

trolytic. 
Catt, Cis, Cie — 16-sifd. 450-volt 

electrolytic. 
Ri, R4 — 55,000 ohms, -watt. 
R2 200 ohms, -watt. 
R3, Rs — 50,000 ohms, 34-watt. 
Ra — 300 ohms, 34-watt. 
R7 — 40,000 ohms, 34-watt. 
Ra, Rn, Ru i — 75,000 ohms, 34-

watt. 

be filled in wherever convenient. The wires 
from the audio volume control, R25, are shielded 
by a length of flexible copper braid. Whenever 
convenient, spare pins on sockets are used to 
support resisters, condensers, etc. 
The two variable resistors mounted on the 

front of the chassis will not clear the spade 
bolts projecting down from the i.f. transform-
ers unless about 34 inch is cut off the bolts before 
mounting the transformers in place. The input 
terminal strip (Millen 3300Z) is mounted on 
the outside of the chassis so that the contacts 
will clear the limiter control. A handy • con-
nector for plugging into this input terminal can 
be made from an old five-prong tube base or 
coil form, sawing across the base and removing 
the two correctly spaced pins and their sup-
porting strip of bakelite. 
With a 5-Mc, signal source, such as a signal 

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 receiving 
pentode such as a 6K7, with the grid circuit on 
2.5 Mc. and the plate on 5 Mc. Or, if a con-
verter is available, tune the regular receiver 
to 5 Mc., couple in the converter and tune 
in a strong, steady signal. The converter out-
put caii then be transferred to the f.m./a.m. i.f. 
and the transformers aligned. This is done by 
plugging in a 0-1 ma. meter into the jack, J, 

(Millen 67503). 
Ta, Ta — 5-Mc. f.m. interstage 

transformer (Millen 67503 ). 
T4 -5-Mc. f.m. discriminator 

transformer (Millen 67504). 
Ta 350-0-350-volt 90-ma, power 

transformer with 6.3- and 
5-volt filament windings. 

Li —9-henry 85-ma, filter choke 
(Thordarson T-13C29). 

1,2 — 10-henry 65-ma, filter choke 
(Thordarson T-13C28). 

Swi — Selector switch (Yaxley 
32112-J). 

Sw2 — On-off switch, s.p.s.t toggle. 
J — Closed-circuit jack. 

and tuning the trimmers of the transformers for 
maximum current. It may be 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 exact 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 i.f. trans-
formers, T1, T2 and Ta, are aligned, it should be 
possible to switch Sty' to a.m. reception and 
hear signals, or at least noise, provided the 
converter is on 56 or 43 Mc. There isn't much 
noise to be heard on 112 Mc. 
The alignment procedure can be carried out 

with a loudspeaker connected to the 6F6 
through an output transformer. If no speaker is 
used at this point, however, the output termi-
nals should be shorted; otherwise, the 6F6 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. 
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If there is an f.m. broadcast station within 

range, adjustment of the discriminator trans-
former, T4, is a simple matter. Switch the 
amplifier to a.m., plug in the proper coils in the 
converter, and tune in the f.m. station. Then 
switch the amplifier to f.m. and tune the trim-
mers on T4 until the signal is heard again. This 
is best done with the audio gain almost open 
and the limiter control at about half-scale. The 
trimmers are best adjusted with an insulated 
tool, to reduce body capacity effects, and they 
should be adjusted until the b.c. signal is clear-
est and loudest. It will be found that the trim-
mers in the plate circuit will affect the volume 
mostly, while the trimmer in the grid circuit will 
have the greatest effect on the quality. During 
this period of adjustment the receiver should 
be kept tuned to the signal, as indicated by max-
imum limiter current. An audio output meter, 
if available, may be used to determine max-
imum audio output, but this is not an essential. 

In the event there is no local f.m. broadcast 
station the only alternative is to line up the 
discriminator on an f.m. signal from an ama-
teur station, or, as a last resort, from a 112-Mc. 
modulated oscillator. The disadvantage with 
the self-excited v.h.f. oscillator is that usually 
it is modulated too heavily and doesn't stay 
on one frequency long enough to allow the 
amplifier to be aligned accurately. 
The final adjustment of the discriminator 

tuning can be checked by tuning in an a.m. 
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 discriminator characteristic 
crosses the axis at the mid-resonaiice 
point of the amplifier. Tuning the sig-
nal (by tuning the converter), it 
should be possible to understand the 
audio output at points either side of 
this minimum-volume setting. These 
points should appear symmetrically 
on either side of the minimum-volume 
point and should have about the same 
volume. Slight readjustment of the 
discriminator-transformer setting will 
accomplish this result. 
When using the amplifier it will be 

noted that a.m. signals appear to be 
louder than those from f.m. stations, 
comparing audio volume-control set-
tings on stations showing equal limiter 
current. This does not indicate that 
the amplifier is not working properly 
or that more audio is obtained from 
an a.m. signal than from an f.m. sig-
nal of similar strength. It is, however, 
an indication that the discriminator 
characteristic could have more slope 
to it and not have its peaks so far 
apart. With improved discriminator-
transformer construction, this appar-
ent shortcoming will disappear. 

The performance of the amplifier on a.m. re-
ception could be improved somewhat by the in-
clusion of a.v.c. on the two 1852 tubes, taking 
the a.v.c. voltage from the limiter grid leak 
through the usual filter circuit. However, this 
was considered an unnecessary refinement be-
cause the amplifier was intended to be used 
primarily on f.m. reception and the provision 
for a.m. reception was considered of secondary 
importance. The amplifier should be run "wide 
open" on f.m. reception. (Bib. 4.) 

EJ. A Compact 112-Mc. Receiver for 
Mobile Work 

The receiver shown in Figs. 1425, 1426 and 
1428 is designed especially for mobile installa-
tions and particularly as a companion unit to 
the transmitter of Fig. 1541. The receiver is 
built in a 3 X 4 X 5-inch box (the same size 
as the control box) which can be mounted 
on top of the control box or alongside it, 
depending on the available room in the car. 
As may be seen from the wiring diagram (Fig. 
1426), a 6V6 audio output tube is used. This 
stage will furnish more than enough output to 
operate a 5- or 6-inch speaker. Power for the 
receiver can be obtained from the same power 
supply as is used for the transmitter, and the 
on-off switching of the receiver may be tied in 
with the transmitter control to facilitate chang-
ing over. Alternatively, any other power supply 
delivering over 200 volts may be employed. 
A 9002 superregenerative detector is used, 

followed by a 6J5 and 6V6 audio amplifier. 
The antenna is inductively coupled to the de-

Fig. 1424 — 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 6116 is the 6SF5 first audio. Output 
terminals, power socket, and 115-volt line cord are on the lower edge. 
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Fig. 1425 — The mobile 112-Mc, receiver is built in a 
3 X 4.X 5-inch metal box. Antenna terminals and the 
hole used for adjustment of the antenna coupling may 
be seen on the left side. A pilot light at the top right-
hand corner permits easy reading of the dial in night 
operation. The speaker cable runs out through the rear 
of the cabinet. Ventilating holes are drilled in the top. 

tector, the antenna coupling being adjusted at 
the time of installation of the receiver. A band-
set condenser, C2, across the variable tuning 
condensér, C1, allows the band to be centered 
on the tuning scale and provides adequate 
bandspread. Regeneration is controlled by the 
variable resistor, Rs. 
The construction of the receiver is not diffi-

cult, but close attention must be paid to the 
placement of parts in order that all of the com-
ponents will fit into the box. The first step in 
laying out the receiver is to drill the holes for 
the dial. The tuning condenser shaft is centered 
between the top and bottom of the panel and is 
located 1% inches in from the left-hand edge. 
Mounting holes for the tuning condenser are 
drilled using the Isolantite end-plate for a 
template, and the condenser is supported on 
1%-inch spacers. The condenser is coupled to 

Fig. 1426 — Wiring diagram 
C1 —15-add. variable with four 

plates removed (National 
UM-15). 

3-30-add. mica trimmer. 
Ca 50-µµfd. mica. 
C4— 0.003-afd. mica. 
CB — 0.01-afd. mica. 
Co, C7 — 10-pfd. 25-volt electro-

lytic. 
Ri — 10 megohms, h-watt. 

C2 -

the dial through a flexible bakelite coupler and 
a short length of polystyrene rod, insuring 
adequate insulation between the condenser and 
the panel. Holes for the variable resistors and 
the pilot-light socket are drilled at the right-
hand edge of the panel, 3d-inch in from the 
edge. The cabinet must be notched with a file 
to allow the resistors and socket to clear when 
the unit is assembled. 
A small bracket of 318-inch metal which 

supports the 9002 socket is attached to the 
tuning condenser. A good idea of the shape of 
this bracket 'may be obtained from Fig. 1428. 
The tuned-circuit coil, LI, is mounted between 
the stator terminal of C1 and the terminal for 
pin No. 1 on the tube socket. C2 is soldered 
across the terminals of C1. A hole must be 
drilled in the bottom of the box, just below the 
adjustment screw for C2, so that any necessary 
changes in the band-set adjustment can be 
made after the receiver is completely assembled. 
The two audio tubes and the audio trans-

former are mounted in the metal box itself, as 
may be seen in Fig. 1428. The tube sockets are 
supported off the side of the box by small 
brass spacers, so that the socket pins will not 
short on the metal of the box. It is convenient 
to make the connections to these sockets be-
fore they are mounted in place. The d.c. 
power-supply leads are brought to a two-prong 
female socket, located directly in front of the 
6J5 socket. All connections at ground potential 
are made directly to the panel or case, so that 
when the unit is assembled the necessary con-
nections will be made automatically. 
Three rows of 3.-inch diameter holes, one 

along the top of the case and two along the rear 
panel, should be drilled in the box before actual 
construction is begun. These holes provide 
internal ventilation for the unit and prevent 
excessive heat from causing possible failure of 
the paper condensers. 
The receiver may be connected to the power 

supply and antenna to be used for testing be-

of the compact 112-Mc. superregenerative 
R2, Ra -0.01 megohm, Y-N% att. 
R4-0.25 megohm, 34-% at t. 
112 --.2500 ohms, M-m att. 
Re — 500 ohms, 1-watt. 
R7 -- 0.5-megohm volume control. 
Rs — 50,000-ohm variable. 
La — 3 turns No. 12, 1¡-inch diame-

ter, spaced diameter of wire. 
Link — 1 turn No. 12, M-inch 

diameter. 

Ti 

 I Pe. 
*A -A +6 

-B 
receiver for mobile operation. 

RFC' — V.h. f. choke (Ohmite Z-1). 
RFC2— R.f. choke (Meissner 19-

1995). 
Ti — Plate-to-grid coupling trans-

former (Inca G-52). 
T2 — Speaker output transformer, 

10,000 to 4 ohms (Jensen 
Z2362). 

Speaker — 5-inch p.m. dynamic 
(Jensen ST-443). 
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Fig. 1427 —Wiring diagram of the control circuit for 
the mobile station. Si and Sz are mounted in the control 
box, along with the microphone jack and battery (see 
Fig. 1535). The vibrator supply and relay are mounted 
in the trunk compartment along with the transmitter. 

Si — S.p.s.t. toggle switch. 
St — S.p.s.t. heavy-duty toggle switch. 
Relay — 6-volt s.p.d.t. relay. 

fore it is installed in the car. Testing in this 
manner allows accurate setting of the band and 
preliminary adjustment of the antenna coupling. 
The antenna coupling is finally adjusted so that 
the receiver will superregenerate well over the 
whole range of the dial without any dead spots, 
but too-loose coupling is to be avoided because 
it will reduce the sensitivity of the receiver. 
The adjustment that requires that the regen-
eration control be set towards the maximum 
end of its range before the set will superregen-
erate is the correct one. 
The control unit shown in Fig. 1427 allows 

the operator to use only one switch to turn the 
receiver on and the transmitter off, and vice 
versa. When putting the station into opera-
tion, Si should be closed first and then 82. 
Closing 82 will apply voltage to the heaters of 
both transmitter and receiver tubes, turn on 
the vibrator supply, and close the relay. This 
last action places the plate voltage on the re-
ceiver. When switching over to "transmit," Si 
is opened, releasing the relay and placing the 
vibrator output on the transmitter. During a 
QSO, it is necessary only to throw Si when 
changing from "receive" to "transmit" and 
back again. Separate antennas are recom-
mended — one located at the usual front posi-
tion of the car for the receiver, and one at the 
rear of the car for the transmitter. The receiv-
ing antenna may be a 3d-wavelength or 34-wave-
length vertical rod fed by a concentric line. If 
a 3/2-wavelength receiving antenna is used, it 
is advisable either to make the length of the 
concentric line an odd multiple of a quarter 
wavelength or to adjust the antenna length for 
optimum coupling to the receiver. 

If concentric-line feed from the antenna is 
used it is recommended that the type of con-
centric line which has insulation over the outer 
conductor be employed, with the outer con-
ductor grounded at both the antenna end and 
the receiver end. If there is no insulating cover-
ing over the outer conductor the vibration of 

Relay <--> 

the car may cause occasional grounds at points 
along the external conductor, changing the 
loading and consequently the tuning of the 
receiving during operation. 

In general, noise reduction procedure is the 
same as that followed for automobile receivers 
used on the broadcast band. Anything which 
contributes to quieter broadcast reception will 
be of help in connection with 112-Mc. opera-
tion. However, since every car is essentially 
an individual problem, no specific instructions 
can be offered. 

If the car does not have a light located con-
veniently on the dashboard the cap may be 
removed from the pilot light, giving enough 
light by which to see the log book and note pad. 
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Fig. 1428 — An interior view of the mobile receiver, 
exposing the detector assembly on the side panel and 
showing the audio tubes mounted inside the box. The 
antenna link is connected to the antenna terminals and 
fits into its proper position when the unit is assembled. 



CHAPTER FIFTEEN 

\Toffee Transmitters 

THE very-high frequency region 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 particular care. As the frequency 
becomes higher the length of connecting 
leads becomes more important, because a 
length of a few inches may represent a con-
siderable fraction of the operating wavelength. 
Tube interelectrode capacities, as well as the 
stray capacities normally existing, also must 
be given particular attention, because an un-
duly high shunt capacity in the circuit not only 
may reduce the efficiency but also will ul-
timately set the upper limit of frequency at 
which the transmitter can be made to work. 
For best results at very-high frequencies, tubes 
designed to operate well in that region must 
be used. All of these considerations indicate the 
advisability of building separate r.f. equip-
ment for transmission at very-high frequencies, 
rather than attempting to adapt for v.h.f. 
use à transmitter primarily designed for opera-
tion at ordinary communications frequencies. 

Transmitter stability requirements for op-
eration in the 56-Mc, band are the same as for 
the lower-frequency bands. Above 112 Mc. 
there are no restrictions as to frequency stabil-
ity except that the whole of the emission must 
be confined within the band limits. Modulated-
oscillator type transmitters therefore can be 
used above 112 Mc. and are, in fact, used 
practically exclusively above 224 Mc., since 
few available tubes will operate satisfactorily 
as amplifiers at this high frequency. However, 
up to 60 Mc. methods similar to those em-

ployed in the transmitters described in Chap-
ter Twelve can be used. 
Most of the 56-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 an f.m. oscillator similar 
to that described in Figs. 1519, 1520 and 1521. 
Higher-powered transmitters can be built by 
adding amplifiers to the units shown, basing 
the design of the amplifier on the medium-
power unit shown in Fig. 1516. 

e A 10-Watt 56-Mc. Transmitter 

The transmitter shown in Figs. 1501, 1502, 
1503 and 1504 is an inexpensive affair using 
6A6-type tubes throughout. As can be seen 
from Fig. 1503, one section of the first tube is 
used as a triode crystal oscillator on 7 Mc. 
while the second half doubles to 14 Mc. The 
two sections of the second tube are used as 
28- and 56-Mc. doublers, and the third tube is 
a push-pull final amplifier. Capacitive inter-
stage coupling is employed throughout except 
between the 56-Mc, doubler and the grid circuit 
of the final, where inductive coupling is used. 

In the oscillator, parallel plate feed permits 
grounding the rotor plates of the tuning con-
denser; since the following grid circuit is series-
fed, there is no essential difference in r.f. per-
formance between this and the more common 
circuit with series plate and parallel grid feed. 
Cathode bias allows the tube to operate at low 
plate current; it is not necessary to work the os-
cillator very hard, since the excitation require-
ments of the first doubler are rather low. 
The 14- and 28-Mc, doubler circuits are 

identical except for the cathode resistor, R2, in 
  the first doubler stage. The sec-

Fig. 1501 —In this front view of the 10-watt 56-Mc, transmitter the oscil-
lator, doubler and amplifier tubes are from left to right. The cry stal socket 
is at the left end of the chassis and the output terminals are at the right. 
The tuning controls are arranged in line along the front wall of the chassis. 

ond doubler uses no cathode 
bias, because as much output as 
possible is desirable to drive the 
56-Mc. doubler. Parallel plate 
feed is used in both stages. 
The 56-Mc, doubler has se-

ries plate feed through an un-
tuned plate coil. Since the cou-
pling to the final grid circuit is 
fairly loose, the coil is made 
nearly self-resonant so that 
maximum energy transfer will 
occur. The push-pull amplifier 
circuit is the standard arrange-
ment for neutralized triodes. 

Fixed or cathode bias is not 
required in the last three stages, 
either for operating or pro-

306 
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tective purposes. The plate cur-
rents of the 6A6s will not be 
excessive in the event that ex-
citation fails or is purposely 
shut off. This is a convenience 
where the oscillator is to be 
keyed for c.w. work. 

Meter switching with shunt 
resistors (R7 to R12, inclusive) 
provides for measuring the plate 
current in each stage, although 
the meter is not incorporated in 
the transmitter itself. 
The transmitter is built on a 

chassis measuring 3 X 4 X 17 
inches. One tube is located at 
the exact center of the top and 
the other two are 4% inches to 
the right and left, respectively. 
It is advisable to mount the os-
cillator and doubler tube sockets with the fila-
ment prongs toward the front of the chassis 
and the amplifier tube socket with its filament 
prongs facing the right end. This arrangement 
serves to keep the r.f. wiring simple and 
straightforward. The crystal socket and out-
put terminals each are centered 1% inches in 
from the ends of the chassis. The second-dou-
bler tuning condenser, C2, is mounted in the 
center of the front wall of the chassis. The other 

Fig. 1502 — The plate-voltage terminals are at the left in this rear-view 
photograph of the 10-watt 56-Mc. transmitter. The meter switch near the 
center is flanked by the meter cord on the left and the 115-volt line cord on 
the right. The crystal-current bulb is mounted in a rubber grommet. 

variable condensers are located to the left and 
right, with ±2-inch spacing between shaft cen-
ters. CI, C2 and Cf3 are supported by the chassis 
wall, but C4 and C5 are mounted on small metal 
pillars from the upper side of the chassis. This 
mounting arrangement brings the shafts of 
C4 and C5 in line with the other three. 

Fig. 1502 shows the placement of parts on 
the rear wall of the chassis. Wiring to the meter 
switch is simplified if the switch is located ffl 
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Fig. 1503 —Wiring diagram of tbe 10-watt 6A6 dual 
— variable (Hammarlund HF-50). 

Cs — 35-ioifd. variable (Hammarlund HF-35). 
Ca — 15-fd. variable (Hammarlund HF-15). 
C4— 50-pfd. per section dual variable (Hammarlund 

HFD-50). 
Ca —15.µµfd. per section dual variable (Hammarlund 

HFD-15-X). 
CO, C7 — 3-30-µpfd. mica trimmer (National M-30). 
Cs, CO, CIO — 100-iidd. midget mica. 
Cu, C12, Cis, C14, Cis — 500-µAfd. midget mica. 
Ri — 15,000 ohms, 5%-watt. 
R2— 500 ohms, 1-watt. 
Rs, R4, Ro — 30,000 ohms, 5%-watt. 
R6— 1000 ohms, 1-watt. 
R7, 112, Ra, RIO, RI:, Ru —25 ohms, 5%-watt. 
RFC — 2.5-mh. r.f. choke (National R-100). 

6.3V 
X 

ttligh•-• 

r i0001 

110M, AC 

triode crystal-controlled 56-Mc, transmitter-exciter unit: 
B — 60-ma, pilot bulb. 
Sw — Two-circuit 6-position selector switch (Mallory 

32264). 
T — 6.3-volt filament transformer (Thordarson T-

19F81). 
Li —21 turns No. 22 d.s.c., close wound, 1-inch diameter. 
L2 —11 turne No. 22 d.s.c., 1 inch long, 1-inch diameter. 
Ls — 6 turns No. 14, % inch long, 1-inch diameter. 
L4 9 turns No. 14, % inch long, 3.4-inch diameter. 
Ls — 2 turns No. 12 each side of L4, 1-inch diameter, 

center opening ei inch. Turns spaced diameter 
of wire. 

L6— 3 turns No. 12 each side of coupling link, 5%-inch 
diameter, center opening inch. Turns spaced 
diameter of wire. 

Link — 5 turns No. 12, 3/8-inch diameter, % inch long. 
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Fig. 1504 — This bottom view shows how the tuning condensers are mounted with respect to the tube sockets. The 
self-supporting coils mount directly on the tuning condensers. Filament transformer is in lower left-hand corner. 

inches in from the right-hand end, looking at 
the rear, where there is a comparatively open 
spot in the r.f. layout. This point is also con-
venient to the 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 resistors should be soldered to the 
switch contacts 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 stiff leads soldered to its base. The 
plate-supply terminals are out of the way at the 
extreme left end of the base. Two positive ter-
minals are provided, so that a modulator trans-
former secondary may be connected in the 
plate lead of the final amplifier. 
The rest of the parts are mounted so that r.f. 

leads will be short and direct; short leads are 
particularly important in the last two or three 
stages. The grid connections in the amplifier 
should be made directly between the grid 
prongs of the socket and the stator plate ter-
minals of the grid tank condenser, which should 
be directly above the grid prongs if the unit is 
laid out as recommended. The plate prongs and 
the stator sections of Cs should be cross-con-
nected so that the neutralizing condensers, Cg 
and C7, may be supported by the condenser 
lugs, as shown in Fig. 1504. This gives leads of 
negligible length and perfect symmetry, both 

Fig. 1505 — The power-supply chassis also houses the milliam-
meter for all plate-current measurements in the 56-Mc. transmitter. 

of which contribute to good neutralizing. The 
trimmer-type condensers used for neutralizing 
are a departure from usual practice. However, 
since the neutralizing capacity required is small 
the actual dielectric is mostly air, the effect of 
the mica is inconsequential, and the small phys-
ical size of the condensers make them ideally 
suited for the purpose. The output coupling 
coil has its ends soldered to lugs which are held 
in place by the feed-through terminals. Thp 
lugs will bend as the position of the coil is 
varied to change the coupling. 
A power supply delivering 350 volts at 150 

ma. is needed. Circuit performance is similar 
to that to be expected at the lower frequencies; 
each tank circuit will be in resonance when ad-
justed for minimum plate current to the tube 
with which it is associated. The current values 
should be 10, 18, 18 and 40 ma., in the order 
listed, for the first four stages. It is quite pos-
sible that the values will vary slightly in dif-
ferent layouts, but they should be approxi-
mately as given. Tuning of the various tanks 
should be adjusted to obtain maximum output 
from the 56-Mc, doubler, as indicated by max-
imum grid current in the final-amplifier grid 
leak, Re. If no grid current is obtained, it is 
probably an indication that the coupling be-
tween Lg and Ls is either too tight or too loose; 
this coupling is quite critical, and therefore de-
serves careful adjustment. The amplifier grid 
current should be 25 ma. or more when the 
coupling is optimum. Each time the coupling is 

changed, the grid condenser, C4, as 
well as the preceding tuning con-
densers should be readjusted. 

After a grid-current indication is 
obtained, the amplifier should be neu-
tralized. Plate voltage 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 capacities 
at approximately the correct values. 
Condenser Cs is then rotated through 
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Fig. 1506 —Wiring diagram of the power-supply unit. 
Cl, C2 — 450-volt Ti 

electrolytic. 
Ri — 25,000 ohms, 25-watt 

wire-wound. 
Swi —S.p.s.t.toggle switch 

(see text). Li 
SW2 — D.p.d.t. toggle switch. 
M — 0-150 ma. d.c. mil-

liammeter. 

—Power transformer, 
375-0-375 volts, 
180 ma.; 5 volts 3 
amperes (Thor-
darsonT-13R09). 

— Filter choke, 5 hen-
rys, 200 ma., 80 
ohms (Thordar-
eon T-67C49), 

resonance, which will be indicated by a kick in 
the grid current. Adjust the neutralizing con-
densers in small steps, turning both screws in 
the same direction and the same amount each 
time, until the grid current remains stationary 
when C5 is rotated. This indicates complete 
neutralization. Retune the grid circuit after 
neutralization, so that maximum excitation will 
be secured. It is also a good idea to recheck the 
coupling between L4 and L5, as described above, 
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 cur-
rent 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 cur-
rent reaches the full-load value of 60 
ma. The grid current will fall off to 10 
ma. or so when the amplifier is loaded. 
The transmitter output may be fed 

into any type of antenna, if an appro-
priate matching or tuning system is 
used. A system employing a two-wire 
non-resonant line may be coupled di-
rectly to the output coil without tuning. 
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 mod-
ulate the transmitter 100 per cent, 
an audio power output from the mod-
ulator of about 11 watts is required. 
The modulator output transformer 
must match an impedance of 5833 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 companion unit for 
the transmitter, because it maintains 
the uniformity of tube types. Such a 
unit is described in Chapter Thirteen. 

A power supply capable of supplying this 
transmitter is shown in Figs. 1505 and 1506. It 
is built on a 3 X 4 X 17-inch chassis and has 
provision for mounting a meter which can be 
switched to either the transmitter or the modu-
lator for checking the respective plate currents. 
The plate switch, Sw1, is used to turn on both 
the transmitter and the modulator, since it is in 
parallel with the switch on the modulator 
power supply. (Bib. 1.) 

41 A 12-Watt 56-Mc. Transmitter 
The transmitter shown in Figs. 1507, 1508, 

1509 and 1510 is designed to work from a 
power supply delivering 125 ma. at 325 volts. 
Since there are vibrator-type packs available 
which deliver this output, it is quite suitable 
for installation in a car for mobile work. To 
achieve maximum economy in the exciter and 
audio stages, high-gain doubler tubes and 
Class-B audio modulation are used. 
From the diagram in Fig. 1508 it may be 

seen that a 6AG7 Tri-tet oscillator using a 
7-Mc, crystal quadruples frequency to drive a 
6AG7 doubler to 56 Mc., and this latter tube 
drives a 6V6 amplifier on 56 Me. A 6L6 could 
be substituted for the 6V6, but with no improve-
ment in performance at 12 watts input. Pro-
vision for neutralizing the 6V6 is included in 

Fig. 1507— A complete 12-watt 56-Mc. 'phone transmitter, ready 
for installation in either ear or home. The tubes along the front, 
from left to right, are the 6AG7 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. The knob on 
the right controls the final tank condenser, C. The other tuning 
condensers are adjusted by screwdriver through the rubber grom-
mets. The meter switch, Stei, is mounted at the front center, just 
under the meter pin jacks. The antenna coil is mounted on the bind-
ing-post strip. Coupling is adjusted by swinging the antenna coil. 
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the design of the 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 well without neutralization 
in every arrangement — the necessary neu-
tralizing capacity is small, and is doubtless 
present in this layout as a stray capacity. 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 increase the possibility of 
" hash" pick-up in mobile operation. 
The transmitter is built on a 7 X 12 X 3-

inch chassis, thus providing plenty of room for 
the parts. Reference to Figs. 1507 and 1509 
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 with which they are fur-
nished. They are set far enough back from the 
front so that the ends of the shafts do not 
quite touch the metal, and are screwdriver 
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6AG7 

C, 
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Ti 

adjusted. Rubber grommets in the chassis 
holes prevent shorting the condenser shafts to 
chassis through the metal shaft of the screw-
driver. The final tank condenser, C4, is sup-
ported on the panel. 

All of the inductances are mounted on or 
near their respective tuning condensers, except 
for the final tank coil, L4, which is mounted 
above the chassis on feed-througheinsulators. 
This arrangement makes it more convenient to 
adjust the antenna coupling coil, Ls, after in-
stalling the transmitter in the car. 
The plate circuits and the final grid circuit 

can be metered by plugging the meter leads 
into 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 four-prong 
plug mounted on the back of the chassis. 
One problem in connection with mobile units 

is the voltage drop in the line from the battery 
to the vibrator or motor-generator unit, and 
these leads must be kept as short as possible. 
This transmitter is intended to be installed in 
the trunk rack of the car, with the control box 
mounted on the dashboard of the car and the 
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Fig. 1508 — Wiring diagram of the 12-watt 56-Mc. 'phone transmitter for mobile or fixed station operation. 

C1 — 50-p,ofd. variable (National Cla — 25-ofd. 25-volt electrolytic. RFC — 2.5-mh. r.f. choke (National 
UM-50). C5 — See text. R-100U). 

CZ, Ca —  25-mad. variable (Na- RI, Rs —  0.2 megohm, 1-watt. RFC1 — V.h.f. choke (Ohmite Z-1). 
tional UMA-25). Ro, R4 —  40,000 ohms, 1-watt. Swi — 2-circuit, 5-position rotary 

C4— 30-gpfd. per section variable R5 — 3000 ohms, 1-watt. switch, non-shorting (Mal-
(Hammarlund HFD-30-X). Ra — 5000 ohms, 2-watt. lory 3220). 

C5, C8 — 0.01-pfd. 400-volt paper. R7 — 0.1-megohm volume control. Ti —Microphone transformer 
Cs, Co, Cit — 0.002-pfd. mica. R8 — 1000 ohms, %-watt. (Stancor A-4726). 
C7., CIO — 2514µfd. mica. Ro — 6000 ohms, 1-watt. Ta — Driver transformer (Stancor 
Cla, C14-8-9.fd.450-voltelectroly-tic. itto—R6s —25 ohms, -watt. A-4721). 
Ti —. Modulation transformer (Stancor A-3845). 3 -inch diameter, self-supporting. The 6V6 grid 
Li — 19 turns No. 18 enam., spaced slightly to occupy tap is 1 turn from the plate end. 

3/5-inch winding length, on 94-inch diameter Lo— 3 turns No. 14, each side of center, spaced to oc. 
form (National PRF-2). cupy % inch, 8-inch diameter. 

La — 8 turns No. 14, spaced to occupy 1% inches, 74- Ls — 2 turns, No. 14, 5'4-inch diameter. 
inch diameter, self-supporting. Pi — 4-prong base-mounting plug (Amphenol RCP-4). 

La — 35¡ turns No. 14, spaced to occupy % inch, The lamp in series with the crystal is a 60-ma. dial light. 
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vibrator pack mounted un-
der the hood on the fire wall. 
This applies when the bat-
tery is under the hood of the 
car; for cars with the bat-
tery elsewhere, the vibra-
tor pack and control box 
might have to be mounted 
differently. The drop in the 
leads running to the heaters 
of the tubes from the bat-
tery will be small if heavy 
wire is used, and the drop in 
the 325-volt line from the 
vibrator pack is negligible. 
The wiring diagram of the 

control box is shown in Fig. 
1510. As may be seen, 
the microphone battery is 
mounted in this box and a 
jack is provided for the mi-
crophone. Switch Swi turns 
on the vibrator pack and the 
heaters of the tubes. Switch 
Sw2 is used as an "on-off" 
switch for the transmitter, controlling the 
microphone battery and the plate-supply 
lead. The control box is only 4 X 4 X 2 inches. 
(Parmetal MC-442), and takes up 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 con-
trolled from the dash. However, the storage 
battery then must be removed from the car for 
recharging, and thus the installation may not 
always be available when needed. 

Adjustment of the transmitter is conven-
tional in every way. With 325 volts from the 
power supply, the total plate and screen cur-
rents of the 6AG7 Tri-tet and the 6AG7 
doubler will be 12 and 16 ma. respectively, and 
the final grid current should be about 2 ma. 
If, when the voltage is removed from the screen 
and plate of the 6V6 final, there is no flicker in 
the grid current as the final tank is tuned 
through resonance, there is no need to worry 
about neutralizing the final amplifier. How-
ever, if a flicker (0.1 ma. or so) does show up, a 
neutralizing capacity, Cn, can be introduced by 
running a stiff wire from the free end of the 
final tank to a point near the grid terminal on 

Fig. 1510— Circuit diagram of a con-
trol box for the 56-Mc. transmitter. 
J — Small microphone jack (Mallory 

702B). 
Swi — D.p.s.t. high-current toggle 

switch, sections in parallel. 
Sw2 — D.p.s.t. toggle switch. 
P2 — 4-prong cable socket (Am-

phenol PF-4). 
Pa — 6-prong cable plug (Amphenol 

RCP-6). 
Ps —6-pron g socket (AmphenolPF-6). 
Microphone battery is a Burgess 3A2. 
Microphone lead in cable is shielded 
throughout. 

Fig. 1509 — A view under the chassis of the 56-Mc. transmitter shows the 
straight-forward arrangement of parts. The coils, L2 and La, are self-supportin g 
and aremounted on their respective condensers. The audio volume control and 
the power-supply plug are mounted at the rear of the chassis. The lead from 
the plug to the microphone transformer is run through grounded shield braid. 

the 6V6 socket (shown by dotted lines in 
Fig. 1508). The stage is then neutralized in the 
usual manner, varying the neutralizing ca-
pacity by moving the free end of the wire. 
With voltage applied to the screen and plate 

of the 6V6 and the output tank circuit tuned to 
resonance, the total plate and screen current 
should be under 35 ma. unloaded and about 39 
or 40 ma. loaded. In the audio section, the 6C5 
plate current will be about 8 ma. and the no-
signal 6N7 plate current around 35 ma., kick-
ing up to about 50 ma. on peaks. 
The antenna for mobile work may be from 

0.25 to 0.6 wavelength long. Since the trans-
mitter can be mounted close to the end of the 
antenna, there is no particular problem in 
feeding it aside from finding a suitable insula-
tor to run through the side of the car. If an 
antenna near a quarter wavelength long is used, 
one side of the antenna coil, Ls, should be 
grounded to the ear and a variable condenser 
connected in series with the antenna and the 
other side of Ls. When the antenna is nearer a 
half wavelength long, parallel tuning of L5 
should be used. Regardless of the length of an-
tenna, the antenna coupling is varied by move-
ment of Ls with respect to L4 after tuning both 
amplifier and tank circuit to resonance. (Bib. 2.) 

+fa.35 +300 — 
VIBRATOR PACK 

— 6.3V. + 
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t. A Three-Band 815 Transmitter 

The 815 dual beam-power tube is useful 
in v.h.f. applications. Figs. 1511, 1512, 1513 
and 1514 show a transmitter using this tube 
in the output stage on 28, 56 and 112 Mc. 
The 815 can be used on the lower frequencies 

without neutralization, but in the v.h.f. range 
above 28 Mc. the high gain of the tube plus its 
grid-plate capacity of 0.2 eigfd. will make neu-
tralization necessary except when the grid 
circuit is heavily loaded. However, neutraliza-
tion is simple and enables the amplifier to be 
modulated 100 per cent with no indication of 
regeneration and with no fixed bias necessary. 

As may be seen in Fig. 1511, a 7N7 (loktal 
6SNTGT) dual triode is used as the oscillator 
and first doubler, is followed by a 7C5 (loktal 
6V6) second doubler which drives the 815 as a 
neutralized amplifier on the three bands. With 
the arrangement as shown, a 7-Mc, crystal is 
used for 28-Mc, operation, a 14-Mc, crystal for 
56-Mc, operation, and a 28-Mc. crystal for 112-
Mc. operation. If 7-Mc, crystals only are to be 
used, additional doubler stages will be necessary. 

757 

Ra 

The final tank circuit is the usual coil-and-
condenser combination for 28- and 56-Mc. 
operation, but a parallel-line tank is used on 
112 Mc. The tuning condenser used on the 
lower frequencies is mounted on a metal 
bracket which plugs into the chassis, thus 
making it possible to remove this assembly and 
plug in the parallel lines used on the highest 
frequency. The parallel-line circuit is tuned by 
adjusting a sliding jumper, and the antenna 
line is tapped onto the tank line through small 
fixed condensers. While a coil and condenser 
circuit could be used with fair efficiency at 112 
Mc., the parallel-line tank has lower losses and 
consequently gives higher output. 
The 815 is readily neutralized by using small 

tabs of copper, supported on stiff wires, close to 
the plates of the tube. The plate in the tube 
acts as the other half of the neutralizing con-
denser, and the combination gives about the 
shortest leads possible. This construction adds 
no expense to the unit except for the two small 
ceramic bushings (Millen 32150) through 
which the wires are run. Neutralizing consists 
simply of moving the copper tabs with respect 

 0 0 
• 275 - .400 

Fig. 1511 — Circuit diagram of the dual beam-power 815-tube three-band 28-, 56- and 112-Mc, v.h.f. transmitter. 
C1, Ca ..— 75-ppfd. midget variable Cs, C7, C9, CIO, CII — 0.005-pad. Ra — 50,000 ohms, 1-watt. 

(Cardwell ZU-75-AS). midget mica. R4 — 75,000 ohms, 1-watt. 
C3— 25-ppfd. midget variable (Card- Cs •--- 100-pfd. midget mica. R2 — 12,000 ohms, 1-watt. 

well ZR-25-AS). Ci 2 — 250-ppfd. midget mica. Re — 15,000 ohms, 1-watt. 
C4— 15-ppfd. per section dual mid- Cm, Cis, Cis — 0.001-pfd. mica. R7 — 15,000 ohms, 10-watt wire. 

get variable (Cardwell ER- C14 — 0.001-pfd. mica, 2500-volt wound. rating. 
15-AD). RFC' — 2.5-mh. r.f. choke (Nit-N —  Small copper tabs, ei X 

Cs —15-ppfd. per section dual mid- 3%-inch. See text. tional R-100). 
get variable, 0.7-inch spac- Ri — 300 ohms, 1-watt. RFC2, RFC3, RFC.4 —  V.h.f. r.f. 
ing, modified (see text). Ra — 5000 ohms, 10-watt wire- choke (Ohmite Z-1). 
(Cardwell ET-15-AD.) wound. J — Closed-circuit jack. 

14 - 7-Mc. crystal: 18 turns No. 22 d.c.c. close-wound. 
14-Mc. crystal: 7 turns No. 22 d.c.c. close-wound. 
28-Mc. crystal: 4 turns No. 18 e., spaced to occupy 

inch. 
All wound on 1-inch diameter plug-in forms (Na-

tional XR-1). 
14 Mc.: 8 turns No. 22 d.c.c close-wound on 13%. 

inch diameter form. 
28 Mc.: 5 turns No. 14e., spaced to occupy ),4 inch, 

self-supporting, 1-inch diameter. 
56 Mc.: 4 turns No. 14e., spaced to occupy 3.4 inch, 

self-supporting, 34-inch diameter. 
La — 14 Mc.: 9 turns No. 22 d.c.c. close-wound ,/-inch 

from La. (Wound on Millen 43001 form.) 
28 Mc.: 7 turns No. 14 e. spaced to occupy 1 inch, 

self-supporting, 1-inch diameter. 
56 Mc.: Same as L. 

L4— 28 Mc.: 9 turns No. 14 e., spaced to occupy 1 inch, 
self-supporting, 1-inch diameter. 

56 Mc.: 5 turns No.14 e., spaced to occupy 34 inch, 
self-supporting, 1-inch diameter. 

112 Mc.: 3 turns No. 12, spaced diameter of wire, 
self-supporting, e4-inch diameter. 

La —28 Mc.: 5 turns No. 14 e. each side of L4, self-sup. 
porting, same diameter and spaced to 
occupy )4 inch. 

56 Mc.: 3 turns No. 14 e. each side of L4, self-sup-
porting, same diameter and spaced to 
occupy eel inch. 

112 Mc.: 1 turn No. 14 each side of L4, same di-
ameter. 

LO — 28 Mc.: 10 turns No. 12, spaced wire diameter, 
self-supporting, split in center for eet inch 
for coupling link 1%-inch diameter. 

56 Mc.: 4 turns No. 12 spaced twice wire diameter, 
self-supporting, split in center for 31 inch 
for coupling link, 1%-inch diameter. 

112 Mc.: 17 inches )(-inch copper tubin g, spaced inch. 
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Fig. 1512 — The 815 transmitter with 56-Mc, coils in place. The 815 
amplifier is at left, 7C5 driver in center, and 7N7 oscillator-doubler at 
right. Panel controls are, left to right, final grid, second doubler grid, 
first doubler plate and oscillator plate. Coils in front are used on 28 Mc. 

to the tube plates until the stage is neutralized, 
as indicated by no reaction on the grid current 
when the plate circuit is tuned through reso-
nance (with plate and screen voltage off). 

Jacks are provided for metering grid and 
plate current in the driver and final stages. 
The transmitter is built on a 6 X 14 X 3-

inch chassis. Reference to Figs. 1512, 1513 
and 1514 will show how the various com-
ponents are arranged. The tuning condenser, 
on the chassis are mounted on the small brack-
ets available for the Cardwell Trim-Air con-
densers. Low-loss bakelite loktal sockets are 
used for the exciter portion, and a ceramic 
octal socket is used for the 815. The oscillator 
coil, LI, plugs into a four-prong ceramic socket, 
and Millen 41205 sockets, mounted above the 
chassis, are provided for coils L2L3 and L4L5. 
The final tank condenser, C5, is mounted on a 

bracket of aluminum so formed as to support 
the condenser just over the top of the 815. Two 
copper straps, wrapped around the center of 
the rotor and fastened to the end-plate spacer 
bars, provide a central rotor contact to keep 
the final tank circuit perfectly symmetrical. 
A Millen 40205 plug fastened to the bottom of 
the aluminum bracket holds the assembly in 
place and provides a connection for the d.c. 
plate voltage as well as a ground connection 
for the bracket. The 112-Mc, parallel-line 
tank similarly is mounted on a 40205 plug. 
The heater current and low-voltage plate 

current are introduced at the rear of the set 
through a four-prong plug, while the high volt-
age plus modulation is introduced through a 
separate safety terminal. The two grid-current 
jacks are mounted directly on the rear of the 
chassis and the two plate-current jacks are 
mounted on a strip of bakelite supported well 

away from the chassis by brass pil-
lars for safety and for better insu-
lation than would be provided by 
fibre washers. 
The adjustment of the coils is 

similar to that in any other trans-
mitter, with a few minor modifica-
tions. If the oscillator plate coil, 
LI, is wound as specified, the crys-
tals should oscillate with con-
denser C1 about half meshed. Coils 
L2 and L3 are next wound and 
plugged in, and a 0-10 milliam-
meter is connected in the grid cir-
cuit of the 7C5. With the crystal 
oscillating (as indicated by a neon 
bulb touched to the " hot" end of 
L1, or by monitoring the signal in 
a receiver), C2 and C3 should be 
tuned for maximum grid current 
to the 7C5. There will be some 
interlocking of the tuning of these 
two condensers if the coupling 
between L2 and L3 is too tight, and 
the two coils should be moved in 
relation to each other until prac-
tically "one-spot" tuning is ob-

tained. The grid current to the 7C5 should 
be 1.5 to 2 ma. with 275 volts applied to the 
plate of the 7N7. Next, La should be wound, 

Fig. 1513— Another view of the 815 transmitter witl 
112-Mc, coils and final tank in place. Note the small tabs 
alongside the 815 used for neutralizing. Meter jacks am 
power-supply terminals are at the rear of the chassis 
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Fig. 1514 — A view underneath the chassis of the 815-tube transmitter. By-pass 
condenser leads are made as short as possible, and r.f. leads are made with heavy wire. 

leaving off L5 for the time being since L4 is to be 
made self-resonant. If it is in resonance, as indi-
cated by a neon bulb touched to the plate end, 
L5 may be wound on; but if not, the turns 
should be pushed together or pulled apart until 
signs of r.f. can be seen. When L5 is added the 
coupling should be made rather loose at first, 
since it will be found that there is more than 
enough drive available as indicated by the 
grid current to the 815. The coupling can be 
increased until the grid current is 6 or 7 ma. 
It will not normally be possible to obtain more 
than 4 to 5 ma. grid current to the 815 on 112 
Mc., even with the coils tightly coupled. but 
this value is sufficient. The plate current of the 
7C5 will be between 35 and 40 ma. 
When grid current has been obtained in the 

815 stage (with no plate or screen voltage ap-
plied), the tank circuit should be tuned to 
resonance as indicated by a sharp flicker of the 
grid current. The plates of the neutralizing con-
densers should then be moved with respect to 
the tube until no flicker remains, indicating 
that the tube is neutralized. Neutralization 
should always be checked when shifting from 
one band to another, since an accidental jarring 
of the tube or some unbalance in the stage may 
affect the adjustment. If the stage is correctly 
neutralized, it will be possible to apply sev-
eral hundred volts (more might injure the 
tube) to the screen and plate and, with no bias, 
the excitation off and the plate tank unloaded, 
be able to detect no signs of r.f. anywhere in 
the circuit with any setting of the tank con-
denser. Unless the stage is neutralized, it will 
be impossible to modulate the amplifier fully 
without distortion. 
When the amplifier has been neutralized, 

plate voltage may be applied with the excita-
tion an and the amplifier loaded up to its rating 
of 150 ma. at 400 volts. About 30 watts of audio 
power will be required to modulate the stage. 
The linear tank is tuned by sliding the short-

ing bar (two National metal-tube grid clips 
soldered together) up and down the bar until 
resonance is indicated. The bar has plate volt-
age on it, and all tuning should be carefully 

done with an insulated 
screwdriver. The an-
tenna coupling is by 
means of two similar 
grid caps which can 
be moved up and down 
the lines until proper 
loading is obtained. 

If f.m. is to be used 
on the 56- or 112-Mc. 
bands the frequency-
modulated oscillator 
can be coupled in 
through several turns 
around LI, with crystal 
removed from its sock-
et. An f.m. oscillator 
is described in Figs. 
1519, 1520 and 1521. 

More than enough excitation is available on 
the 28- and 56-Mc, bands, but there is no ad-
vantage in running the grid current above 
4 or 5 ma. since the output will not increase 
and the linearity of the amplifier is good with 
only 3 to 4 ma. grid current. The r.f. output of 
the transmitter could not be measured ac-
curately above 28 Mc. (where it was close to 
40 watts) but, with the lamp loads used, it ap-
peared to be about 35 watts on 56 Mc. and 30 
watts on 112 Mc., at the rated input of 60 watts. 
A 275-volt and a 400-volt power supply are 

required far this transmitter. Figs. 1237 and 
1215 show suitable power supplies, although 
the voltage from the supply of Fig. 1215 as 
shown will be too high, and a lower-voltage 
transformer should be substituted. A pair of 
6L6s in Class A131 will furnish enough audio 
power to modulate fully the 815; such a modu-
lator unit is shown in Fig. 1311. (Bib. 3.) 

E. A 300-Watt 56-Mc. Amplifier 

The 56-Mc, amplifier shown in Figs. 1515, 
1516, 1517 and 1518 uses a pair of 35Ts or 
35TGs running at 200 ma. with 1500 volts on 
the plates. With approximately 25 to 30 watts 
driving power, the efficiency and performance 
will be excellent. The 815 transmitter in Fig. 
1511 is a suitable driver, although any trans-
mitter of comparable output will serve. 

Fig. 1515 —The 300-watt 56-Mc, amplifier is built 
on a chassis which is supported by a Presdwood panel. 
The grid and plate tuning condensers are adjusted by 
an insulated screwdriver through holes in the panel. 
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Fig. 1516 — Wiring diagram of the 300-watt amplifier. 

— 25-.pfd. per section dual (Cardwell ER-25-AD). 
Ci — 35-ppfd. per section dual, rotor contacted at cen-

ter (Millen 13035). 
Ca, C4 — Homemade neutralizing condensers (see text). 
CR, Cs —  0.001-pfd. mica. 
C7 —0.001-pfd. mica, 5000-volt rating. 
Ri — 2500 ohms, 10-watt. 
Li — 6 turns No.12, 3%-inch diameter, spaced to occupy 

:74 inch. Link is2 turns No.14, 1p2-inch diameter. 
Le-4 turns No. 12, 11/2-"nch inside 

diameter, spaced diameter of 
wire with 3%-inch gap in mid-
dle to accommodate 3-turn 
swinging link of No. 14 wire. 

Mt — 0-100 or 0-150 milliammeter. 
Ma — 0-300 milliammeter. 
Ti — Filament transformer, 5 volts, 

8 amperes (Thordarson T-
19F84). 

Fig. 1517 — A view behind the 
panel of the 300-watt amplifier shows 
the plate tuning condenser mounted 
on the panel bracket and gives a good 
idea of the construction of the neu-
tralizing condensers. The plate coil 
socket is supported on the plate tun-
ing condenser by two brass angles. 

• 

Fig. 1518 — The filament transformer is mounted under-
neath the chassis. Note how the leads from the neu-
tralizing condensers to the grids of the tubes are crossed. 

The amplifier is built on a X 9 X 1%-
inch chassis and iè designed to be mounted on a 

panel of metal or Presdwood. Two 
panel brackets are used as supports, 
one at each end of the chassis. The 
plate tuning condenser, C2, is 
mounted on one of these brackets 

and insulated from it by small steatite bush-
ings. The grid tuning condenser, C1, is mounted 
on the chassis and the rotor is left unconnected. 
Both grid and plate tuning condensers are ad-
justed by an insulated screwdriver through 
holes in the panel, although dials on insulated 
extension shafts could be used. 
The plate tank coil is mounted on a Millen 

40205 plug base, and the corresponding socket 
is supported on the tank condenser by two 
small brass angles. The grid coil is mounted on 
a National PB-16 plug, and its socket is raised 
above the chassis by small steatite stand-off 
insulators. 
The neutralizing condensers are made from 

small tabs of aluminum with approximately 
one square inch of active area, supported about 

 o 
Output 
 o 

% 6-inch apart on individual steatite pillars 
or bushings. If 35Ts are used, as shown in the 
photographs, the lower neutralizing condenser 
plates are mounted on through bushings run-
ning through the chassis to the grid terminals 
on the sockets. If 35TGs are used, it is not 
necessary to carry the grid leads through the 
chassis. In either event, the grid leads from the 
neutralizing condensers are crossed to pro-
vide the proper phasing for neutralization. 
The chassis is fastened to the front panel by 

the brackets referred to above. The two meters 
are mounted on the panel outside of the brack-
ets. A rectangular hole in the center of the 
panel allows the tubes to be observed during 
operation. A National 3 X 4-inch chart frame 
is used to outline the rectangular hole. 

Leads for the excitation input are brought to 
binding posts mounted on the panel bracket at 
the grid end of the chassis. The output leads 
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are run to an antenna tuning unit from the 
terminals on the plate coil socket. If desired, 
the antenna tuning unit could be mounted di-
rectly above the amplifier, or it could be 
mounted on the wall at the point where the an-
tenna leads come into the station. 

1f sufficient excitation is available, the grid 
current will be 55 ma. or more when the plate 
circuit is loaded to 200 ma. at 1500 volts. The 
amplifier can be loaded to 225 ma. or higher if 
the grid current does not drop below this value 
with the increased plate loading. The plates of 
the tubes will run a dull red under normal oper-
ation; if the two tubes do not show the same 
color, it indicates unbalance in the circuit. 
However, with the amplifier laid out as shown 
no trouble of this sort should occur. 
At 300 watts plate input, approximately 150 

watts of audio power will be required to modu-

65.17 
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late fully the output of the amplifier. A pair of 
HY40Zs is recommended for the modulator 
unit. A suitable power supply, delivering the 
necessary 200 ma. at 1500 volts, can be built 
along the lines of the supply described in Fig. 
1246, substituting lower-current filter chokes 
and power transformer. 

111 An F.M. Modulator-Oscillator Unit 
Where a crystal- or e.c.o.-controlled trans-

mitter for the 28-, 56- or 112-Mc, band is avail-
able, it is a relatively easy matter to disconnect 
the regular plate modulator and substitute for 
the crystal or e.c.o. the f.m. oscillator-modu-
lator shown in Figs. 1519, 1520 and 1521. The 
r.f. output of the unit is intended to be fed 
through a link to a tuned circuit which substi-
tutes for the crystal in the crystal oscillator. 
This tuned circuit is resonant at the same fre-

65,17 
h'>»RFC. 
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Fig. 1519 - Circuit diagram of the f.m. control unit for use with normally crystal-controlled v.h.f. transmitters. 
CI -  150-ppfd. silvered mica for Ri -  0.1 megohm, 1-watt. 3.5 Mc.: 11 turns No. 24 

7 Mc.; 650 pfd. for 3.5 Mc.; R2 - 25,000 ohms, 1-watt, e., length % inch, 1-inch 
1150 ppfd. for 1.74 Mc. Ra, Re, Re -. 50,000 ohms, 1-watt, diameter, tapped 4th turn 

C8 100-gpfd. variable (National Re - 300 ohms, 34-watt. from ground. 
SE-100). 1.75 Mc.: 21 turns No. 24 e., 

C8 -  50-ggfd. variable (Ilamm R7 -0.5 megohm, Va-watt, ar- length 1 inch, 1-inch dia-
lund HF-50). R8 - 300 ohms, 34-watt. meter, tapped 6th turn 

Ce - 100-ppfd. mica. Re - 30,000 ohms, 1-watt. from ground. 
Ce - 250-,add. mica. Rio - 0.5 megohm, 3/2-watt. Li .'"-- 14 Mc.: 10 turns No. 18. 
Ce - 0-001-pfd. mica. Rn - 50,000 ohms, 1-watt. 7 Mc.: 20 turns No. 18. 
C7, C8, C8, CIO - 0.01-pfd. paper. Rla .--- 5 megohms, Va-watt, 3.5 Mc.: 40 turns No. 24. 
Cli -  3-30-ppfd. compression trim- Ria -900 ohms, 34-watt. 1.75 Mc.: 75 turns No. 26. 

mer (set full open). Rle •-•-• 1 megohm, 34-watt. All coils wound with enameled 
Cl2 -. 25O-pfd. mica. Rig -0.25 megohm, X-watt, wire on 1 X-inch diameter 
CI8 - 0.01 - Rig-0.5-megohm volume control. gfd. paper.forms (Ilammarlund SWF-
CH -. 8-pfd. 450-volt electrolytic. 4). 1.75-c. coil close. 
Cia - 0.01-pfd. paper. RI7 .... 2000 ohms, X-watt. Mwound; others spaced to a 
Qs, Cu/ -  10-pfd. 25-volt electro- Ris -50,000 ohms, X-watt. length of 1X inches. 

lytic. Rio -  0.25 megohm, 34-watt. Link 3 to 5 turns (not critical). 
Cis -  0.1 -pfd. 200-volt paper. R20 -0.15 megohm, 1-watt. L8 - Filter choke, 10 henrys, 40 ma. 
CIO, CH, - 0.01-gfd. 400-volt paper. RFC -2.5-mh. r.f. choke. Ti -250-0-250 volts, 40 ma.; 6.3 
C2I - Dual 450-volt 8-pfd. electro- Li - 7 Mc.: 10 turns No. 18 e., volts at 2 amperes; 5 volts 

lytic. length % inch, 1-inch dia. at 2 amperes. (Thordarson 
C22, Cas - 8-pfd. 450-volt electro. meter, tapped 3rd turn from - T-13R11). 

lytic. ground. Sw - S.p.s.t. toggle switch. 

Note: Data for Lu is subject to individual trimming for proper frequency coverage. Adjust inductance by changing 
turn spacing to bring low frequency end of band near maximum capacity on Q. Coil specifications given apply to 
coil centered in round shield 2 inches in diameter and 234 inches high. The 3.5- and 7-Mc, coils give full coverage of 
the 56-60-Mc. band with C4 100 µdd.:the 1.75-Mc. coil will cover approximately 57-60 Mc. with the same condenser. 
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Fig. 1520 — This modulator-oscillator unit is used with normall • 
crystal-controlled v.h.f. transmitters for frequency-modulated oui-
put. 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 II-inch chassis is used. 

quency as the output tank of the control unit, 
L2C3 in Fig. 1519, and is in fact identical with 
it in construction. In transmitters using triode 
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 
7-Mc. crystal oscillator, for example, the out-
put of the unit may be on 3.5 Mc. and the grid 
circuit of the ex-crystal tube also tuned to 3.5 
Mc. This will avoid difficulty with self-oscilla-
tion in the ex-crystal stage. With a pentode os-
cillator it is possible to work 
straight through, provided the 
grid tank substituted for the 
crystal is tuned well on the 
high-frequency side of reso-
nance, but this procedure is not 
advisable since it may make the 
modulation non-linear. It is 
rather important that all cir-
cuits 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 
crystal, since the output fre-
quency of the crystal tube is al-
ready a harmonic. In the Tri-
tet oscillator, the cathode tank 
should be short-circuited; in 
the types using a, cathode im-
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) connected on the 
grid side of the condenser. Such a 
blocking condenser may be incorporated 
in the plug-in tank. The grid-tank tun-
ing condenser may be a small air pad-
der mounted in the coil form. 
Where a suitable power supply and 

speech amplifier are already available, 
the lower part of Fig. 1519 can be omit-
ted and only the oscillator, buffer and 
modulator units need be built. Trans-
former input to the modulator may 
be used where the available speech am-
plifier happens to have a low-impedance 
output circuit. The transformer and 
gain control connect between ground 
and point "A" of Fig. 1519, R7 being 
omitted. Any of the conventional 
methods may be used to couple the 
modulator to an available speech am-

plifier, with one precaution — if a high-impe-
dance connection is used, the "hot" lead should 
be shielded to prevent hum pick-up. (Rib. 4.) 

If the transmitter to be used has a self-ex-
cited oscillator, electron-coupled or otherwise, 
a separate oscillator need not be built. The re-
actance modulator can be connected directly 
across the tank circuit of the oscillator. 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 oscil-
lator comparable to those given in Fig. 1519. 

Fig. 1521 — In this bottom view, the r.f. section is at right and the audio 
at left. The oscillator socket is to the right of the coil socket in the center. 
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Ci — 0.01-pfd. 400-volt paper. 
Ci — 8-pfd. 450-volt electrolytic and 

0.005-pfd. mica in parallel. 
C3 --0.001-pfd. mica. 
Co — 500-opfd. mica. 
Cs, Co, C12 — 100-pofd. mica. 
Ca —15-gpfd. midget variable 

(Hammarlund 11F-15). 
C7 25-opfd. silvered mica. 
Ca, C10, Cua — 0.005-pfd. mica. 
Cii — 35-oodd. midget variable 

(Hammarlund HF-35). 
C14 35-opfd. per section dual 

variable (Cardwell ER-35-
AD). 

CI3 — Two 500-ppfd. mica, one at 
each end of rotor of C14. 

Fig.1522 —The complete 56-Mc. f.m. tranamitterhasallr.f.components 
mounted under the chassis with the exception of the oscillator grid coil, 
which is housed in the shield can in the rear center of the chassis. The 
tubes, from left to right, are 7C5 output amplifier, 7G7 doubler, 6F6 
e.c.o., 6SA7 reactance modulator and VR150-30 voltage regulator. 

([ A Complete 56-Mc. F.M. Transmitter 
The transmitter shown in Figs. 1522, 1523 

and 1524 will yield a carrier of approximately 
7 watts on 56 Mc., using a plate power supply 
delivering 300 volts. A reactance modulator is 
incorporated in the unit. If it is desired to use 
amplitude modulation, the gain control on the 
reactance modulator should be set at zero and 
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the necessary 6 watts of audio con-
nected in series to the plate and 
screen lead of the 7C5 output 
amplifier. Used as an f.m. trans-
mitter, 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 micro-

phone is transformer-coupled to 
the 6SA7 reactance modulator, 
which is connected across the 
tank circuit 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 14 
to 15 Mc. with a slight margin at 
either end of the tuning range, and 
the plate circuit of the e.c.o. is 
tuned to 28 Mc. by means of a self-
resonant coil which is adjusted for 
maximum output by squeezing the 
turns together or spreading them 
apart. Once adjusted, it need not 

be touched for any change in tuning conditions. 
The 28-Mc, output of the e.c.o. drives a 7G7/ 
1232 doubler to 56 Mc., which in turn drives 
the output amplifier. 

With a 300-volt supply, the 7C5 final-ampli-
fier grid current should be about 0.6 ma. under 
load for linear amplitude modulation. If f. m. is 
used exclusively, the grid current can be lower 
with no harmful effect other than a slight de-
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Fig. 1523 — Wiring diagram of the complete 56-Mc. 7-watt frequency-modulated transmitter. 
N — Neutralizing condenser (see Li — 10% turns No. 20 e., spaced 

to occupy 1 inch on a 1-inch 
Ri — 100,000-ohm volume control. 
Ra —750 ohms, %-watt. 
R3 — 0.25 megohm (not marked in 

diagram). 
R4 —50,000 ohms, 3/2-watt. 
R6-5000 ohms, %-watt. 
R0 — 25,000 ohms, %-watt. 
R7-0.1 megohm, 1/2-watt. 
Ra 75,000 ohms, 34-watt. 
Ro — 5000 ohms, 1-watt. 
Rio —3000 ohms, 10-watt. 
RFC]. — 2.5-mh. r.f. choke. 
RFC2 — V.h.f. choke (Ohmite Z-1). 
Ti —Microphone transformer 

(Thordarson T-58A37). 

diameter form; cathode 
tap 234 turns up. Plugged 
into socket on chassis. 

La — 14 turne No. 20 e., spaced to 
occupy 1% inches, 9/16. 
inch diameter; self-sup-
porting (see text). 

La — 4 turns No. 20 e., %-inch 
diameter, 1%-inch long. 

— 6 turns No. 14 e., VI-inch 
inside diameter, wound to 
occupy 1-inch length, with 
%-inch gap in center for 
swinging link of 2 turns No. 
14 e., same diameter. 
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Fig. 1524 — A view underneath 
the chassis of the 56-Mc. f.m. 
transmitter shows the volume 
control at the left, the oscillator 
control at the center, the doubler 
tuning control at the right, and 
the final amplifier tuning control 
at the side. The microphone con-
nector is on the left side of the 
chassis, and the four-prong plug 
and flexible wire connect to 
the power supply and microphone 
battery, respectively. Note the 
shield between the final tuning 
condenser and the oscillator tun-
ing condenser, to reduce reaction 
between the two circuits, and the 
wire running from the doubler 
tuning condenser to near the final 
tank condenser which is used as a 
neutralizing condenser (N in Fig. 
15231. The output connects to two 
binding posts on a Vietron strip. 

crease in output of the amplifier. The 7C5 final 
amplifier is plate neutralized by running a 
length of stiff wire from the plate side of the 
doubler tuning condenser over to a point near 
the open side of the final-amplifier split-stator 
tuning condenser. The capacity from this wire 
to the stator of the condenser is sufficient to 
neutralize the final amplifier. It may be ad-
justed by snipping off the end of the wire, a 
small bit at a time, until the plate-tank tuning 
shows no reaction on the grid current (with 
both plate and screen voltage off). 
No difficulty should be encountered in 

adjusting the transmitter other than setting 
the e.c.o. coils to the proper frequencies. The 
grid coil should be adjusted to cover the proper 
range with the reactance modulator tube in the 
circuit. The range can be varied by pushing 
the turns together or spreading them apart, 
while checking the resulting frequency on a 
calibrated receiver. The e.c.o. plate coil can 
best be adjusted by reading grid current to the 
final amplifier (by connecting a 0-1 ma. d.c. 
milliammeter between Rs and ground) and 
adjusting Ls until the 7C5 grid current is a 
maximum with the oscillator set at 14.5 Mc. 

Fig. 1525 — A complete low-powered 112-Mc. transmitter using 
linear plate and cathode tank circuits. The cathode tuning is con-
trolled by the knob at the right and the volume control is at the 
center, just above the microphone jack. The rubber grommet be-
tween the two knobs insulates the screwdriver used for plate tuning. 

The plate current of the final amplifier will 
be about 45 ma. when the stage is properly 
loaded. The loading is varied by changing the 
position of the "swinging link" fastened to the 
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 58.5 Mc., which is more 
than adequate for all purposes. When the re-
ceiving station does not have a regular fan. 
receiver, the signal can be received on a con-
ventional receiver by reducing the deviation 
at the transmitting end and tuning the signal 
off to one side of resonance at the receiving end. 

C A Complete Low-Powered 112-Mc. 
Transmitter 

The transmitter shown in Figs. 1525, 1526 
and L527 is a complete low-powered unit using 
linear tank circuits instead of coils and con-
densers. The circuit (Fig. 1526) is of the 
"tuned-plate tuned-cathode" variety, which 
gives good stability and efficiency on 112 Mc. 
Using 7A4-type tubes as shown, the transmit-
ter will deliver several watts output. 

The transmitter, complete with 
modulator and power supply, is built 
on a 3 X 4 X 17-inch chassis. As may 
be seen in Fig. 1525, the power trans-
former, rectifier tube and filter choke 
are mounted at the left-hand end of 
the chassis, the modulator tube and 
microphone transformer are in the 
center, and the various r.f. compo-
nents are on the right-hand side. The 
sockets for the 7A4 tubes are oriented 
so that the heater prongs fare the 
left-hand end of the chassis. 
The plate lines mount in National 

FWB terminal strips which have been 
equipped with banana-plug jacks. 
The strips are placed 2% inches apart, 
on either side of the 7A4 sockets. The 
plate lines are held together firmly by 
a copper strip at the shorted end and 
by improvised polystyrene spacers at 
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Fig. 1526 — Circuit diagram of the linear-tank low-powered 112-Mc. transmitter 

Cs — 15-ppfd. variable (National UM-15). 
C2 — Small disk-type neutralizing condenser 

NC-890). 
Cs — 25-pfd. 25-volt electrolytic. 
C1, Ca — 8-pfd. 450-volt electrolytic. 
Ri — 10,000 ohms, 34-watt. 
R2, Rs —25 ohms., 4-watt. 

(Bud 
L2 — Plate lines; 3einch o.d. copper tubing, 15 inches 

long, spaced 34-inch on centers. 
14 - Antenna coupling loop, 4 inches of No. 14 wire, 34- 

inch spacing. 
1.4, Lb —10 henrys, 55 ma. (Thordarson T-14C64). 
Ji — Double-button microphone jack. 
Swi — S.p.s.t. toggle switch. 

R1— 400 ohms, 1-watt. SW2 — D.p.d.t. toggle switch. 
Rs— 50,000-ohm volume control. T1 — 300-0-300 volt 60-ma, transformer with 6.3- and 
Re— 25,000 ohms, 10-watt. 5-volt windings (Thordarson T-13R17). 
Li — Grid lines; 3d-inch o.d. copper tubing, 11% inches' T9 —.Double-button microphone to single grid trans-

long, spaced 4-inch on centers. former (UTC S-6). 

the center and near the plate end. These spac-
ers are made by cutting an FWB terminal strip 
in half and enlarging the holes so they can ac-
cept the copper tubing. The ends of the lines 
must be flared out sufficiently so that they 
equal the spacing between the holes for the 
banana-plug jacks. Banana plugs are soldered 
to the ends of the copper tubing. 
The cathode lines are mounted underneath 

the chassis. At one end they are connected di-
rectly to the cathode pins of the 7A4 sockets, 
the other ends of the cathode lines being sup-
ported by a grounded metal pillar. The cathode 
tuning condenser is mounted on the front wall 
of the chassis, while the plate tuning condenser 
is mounted on the rear wall. The location and 
mounting of the other parts may be seen in 
the under-chassis view, Fig. 1527. 

In tuning to the 112-Mc, band, first set the 
plate tuning condenser, C2, so that the spacing 
between plates is approximately Wa inch. Then 
apply plate voltage and rotate the cathode 
tuning condenser, C1, until oscillation starts, 

as indicated by a drop in plate current. The 
oscillating plate current should be about 20 
ma., rising to 50 ma. or more when the unit is 
not oscillating. Antenna coupling is adjusted 
by changing the position of the antenna cou-
pling loop, La, with respect to the plate lines. 
The coupling should be made such that the os-
cillator is loaded to about 35 ma. 
A 0-100 milliammeter is used for measuring 

plate current. When it is switched across R2 by 
means of Sw2 it reads the oscillator plate cur-
rent, and when it is across both R2 and R3 it 
will read the total oscillator and modulator 
plate current. The 6F6 should draw about 50 
ma. (combined screen and plate currcnt). 
As with all self-excited transmitters, a re-

liable frequency-checking system should be 
used to insure that the transmitter is working 
within the assigned band. The frequency of the 
oscillator is lowered by first increasing the ca-
pacity of C2 and then retuning C1 for maximum 
output. Either a single- or double-button car-
bon microphone may be used. 

Fig. 1527 — Under-
neath the chassis of 
the linear-tank 112. 
Mc. transmitter, show-
ing the cathode lines 
supported between the 
tube sockets and a 
metal pillar at the far 
end near the micro-
phone battery. The 
modulation choke, Lb, 
is at the left-hand end 
of the chassis. C1 is at 
the lower left, with 
Rs and ./1 in the venter. 
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Fig. 1528— This transmitter operates efficiently with 
conventional tubes at 112 Mc. A slider is used for fre-
quency adjustment. Hairpin coupling link is at the left. 

11 A Medium-Power Tuned-Plate 
Tuned-Filament Transmitter 

Figs. 1528, 1529 and 1530 show the construc-
tion and circuit of another tuned-plate tuned-
filament 112-Mc. transmitter. This set has 

Fig. 1529—Circuit dia. 
gram of the medium. 
power 112-Mc. oscillator. 
Ci — 15-ppfd. variable. 
Ri — 5000 ohms, lo. 

watt, 
Li, Ls—Filament and 

plate lines; 746-
inch o.d. copper 
tubing, length 
12 inches, 
spaced diame-
ter of tubing. 

1.3— Hairpin link for 
antenna cou-
pling; length 
approximate- 7;5 V. 7.5V, 

ly 3 inches. -1000 V. 

much in common with the one described in the 
preceding section, but conventional tubes of 
the medium-power class are employed. Funda-
mentally, the circuit of Fig. 1529 is the same as 
that of the r.f. portion of Fig. 1526 except for 
the slight changes made necessary by the 
directly heated type of tube used. This arrange-
ment, even with conventional tubes, operates 
with an efficiency of about 50 per cent. 
A glance at Fig. 1528 will show the ar-

rangement of the plate circuit, supported 
on top of the chassis. The chassis is 4 
inches wide, 15 inches long, nd23 inches 
deep. There is no tuning condenser for 
the plate line; a condenser may be used, 
if desired, but for best efficiency the line 
should be made as long as possible. The 
line is relatively short for the frequency, 
the reason being that the internal tube 
leads make a considerable addition to the 
actual length of the line, plus the loading 
effect of the tube plate-grid capacity. 
The high-voltage connection, brought 

through an insulator in the chassis, is 

shown in Fig. 1528 just to the left of the sup-
porting insulator. The antenna coupling link, 
L3, is made from small-diameter copper tub-
ing; its length should be adjusted to give the 
desired loading with the antenna used. 

Fig. 1530 is a view of the tuned filament cir-
cuit located underneath the chassis. Each pipe 
is soldered to, and partly supported by, a fila-
ment prong on each tube socket. The shorted 
end of the line is held in place by a metal pillar, 
which also makes the connection to the chassis 
ground. An insulated wire is fed through each 
pipe and connected to the other filament prong 
on the appropriate socket. These wires are 
connected together at the shorted end, and the 
filament voltage is applied between this com-
mon connection and ground. 
C1, the filament-line tuning condenser, rests 

on the insulated portions of the sockets and is 
securely mounted by two small aluminum 
brackets which fit under the socket-mounting 
screws. Care must be taken to prevent ground-
ing of the condenser plates. A short connection 
is made between the two grid prongs on the 
sockets; the grid resistor, RI, runs from the 
center of this connection to ground. 

T- 40 

T-40 - 

+10009 

Tuning is similar to that already described 
for the low-power transmitter. The setting of 
C1 which gives minimum plate current is not, 
however, the adjustment at which the oscilla-
tor delivers maximum output. A lamp-bulb 
dummy antenna coupled to the pipes will show 
that, as the condenser setting is slightly altered, 
the plate current will rise and the output will in-

Fig. 1530— A below-chassis view of the 112-Mc. oscillator. 
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crease. The current should not be al-
lowed to exceed 200 ma. at full load. 

Other tubes than the T4Os shown 
have been used quite successfully in 
this circuit, including types 809, T20, 
RK32, RK11, RK12, 811, and TZ40 
Still others of similar construction and 
ratings probably also would function 
satisfactorily. Tubes like the HK24 
and 35T will work well at 224 Mc. 
A modulator capable of delivering 100 watts 

of audio power is required when the transmitter 
is operated at 200 watts input. A pair of 
HY30Zs in Class B is recommended for the 
modulator unit. A suitable power supply which 
will furnish the necessary 200 ma. at 1000 volts 
is shown in Fig. 1225. 

tf, A Grid-Stabilized 815-Tube 
112-Mc. Transmitter 

The transmitter shown in Figs. 1531, 1532 
and 1533 uses an 815 dual beam-power tube in 
a grid-stabilized oscillator circuit which can be 
used at an input of 60 watts with good efficiency. 
The circuit (Fig. 1532) is the basic tuned-grid 
tuned-plate circuit except that a linear tank 
instead of a coil and condenser is used in the 
grid circuit. By tapping the grids down on the 
line the loading is light, and consequently the 
line retains its high Q. The 815 does not have 
high enough grid-plate capacities to give all of 

the necessary feed-
back, and some ad-
ditional capacity 
must be added be-
tween plate and 
grid in both sections 
of the tube. This is 
easily done by run-
ning two short 
lengths of wire from 
the plate terminals 
to near the grid lines 
(CF in Fig. 1532). 
The transmitter 

is mounted on a 3 
X 4 X 5-inch metal 
box which houses 
the filament trans-
former and the vari-
ous fixed condens-
ers, resistors, and 
the r.f. choke. The 
grid line is made of 
%-inch copper tub-
ing and is supported 

Fig. 1531 — The grid. 
stabilized 815 112-Mc. 
transmitter is mounted 
on a 3 X 4 X 5-inch 
box. Frequency is 
changed by adjusting 
the length of the grid 
lines by sliding the 
inner tubes in and 
out. The power-supply 
cable plug is mounted 
on the side of the box. 

ffl 

CF 

o  
c;T -

Sis 

2 

I I5V. 400V. + 
A.0 

RFC 

Ant. 

Fig. 1532 — Circuit of the grid-stabilized transmitter. 

C; — 15-spfd. dual condenser (Hammarlund HF-15X). 
C2— 0.002-sfd. mica. 
CF Feed-back condenser (see text). 
Ra — 15,000 ohms, 1-watt. 
R,-25,000 ohms, 10-watt. 
Li — X-inch diameter copper tubing, 23 inches long, 

spaced 1 inch on centers; grids tapped 2% 
inches from shorted end. 

La — 2 turns No. 12 e., 1-inch diameter, turns spaced to 
occupy % inch. 

La — 2 turns No. 12 e., %-inch diameter, turns spaced 
to occupy % inch. 

RFC — V.h.f. r.f. choke (Ohmite Z-1). 
Ti — 6.3-volt 2-ampere filament transformer (Thordar-

son T-19F81). 

one-half inch from the box by three feed-through 
insulators, which also serve as convenient con-
nectors to the grids and to the grid leak. The 
open ends of the parallel tubes are fitted with 3-
inch lengths of %-inch diameter tubing which 
can be moved in and out to adjust the frequency 
of the oscillator. The extensions are held se-
curely in place by set screws in holes tapped 
through the wall of the -inch outer tubing. 
The plate tuning condenser is supported by a 

3-inch steatite pillar which also acts as a 
guide for the sliding variable antenna coupling. 
Two large 866-type plate clips are slid over 
the pillar, and the antenna binding-post as-
sembly (National FWB) is fastened to them 
with short lengths of No. 12 wire. By sliding 
this assembly up and down, the antenna 
coupling can be set to any value desired. 

There is nothing unusual about the tuning of 
the transmitter, aside from the adjustment of 
the feed-back condensers. This can best be done 
with a dummy load, such as a 25-watt lamp 
bulb, connected to the antenna terminals. The 
lead from the grid leak, RI, to ground should 
be opened and a 0-10 milliammeter connected 
in the circuit. With plate voltage applied, the 
plate tuning condenser should be rotated for 
maximum output as indicated by the brilliancy 
of the lamp. The grid current should be be-
tween 3.5 and 5 ma. at this point. If it is higher 
there is too much feed-back, and the feed-back 
capacity should be reduced by trimming off a 
short length of the wire or by moving it away 
from the grid lines. This adjustment is not crit-
ical, but it should be made before the transmit-
ter is put on the air. After the proper feed-back 
adjustment is found, the antenna can be 
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Fig. 1533— A close-up view of the 815 transmitter 
shom in g how the antenna coupling is changed by sliding 
the antenna-coil support on the insulating pillar. Note 
the wires for feed-back control running from the plates of 
the 815 close to the grid lines. The filament transformer 
and the various resistors and by-pass condensers are 
mounted in the box, shown hers with one side removed. 

coupled to the transmitter and modulation ap-
plied. The frequency may be checked by means 
of Lecher wires or a frequency meter. The an-
tenna coupling should be tightened until the 
plate current is 150 ma.; the grid current should 
be between 3.5 and 5 ma. under these conditions. 
The power supply is required to deliver 

slightly over 165 ma. at 400 volts, and the 
modulator must give at least 30 watts to mod-
ulate the oscillator fully. A pair of 616s in 
Class AB' will be satisfactory for the modu-
lator, while the 400-volt supply can be the 
same as suggested for Fig. 1512. 

11, A 15-Watt 112-Mc. Transmitter for 
Mobile Use 

The transmitter shown in Figs. 1534-1537, 
inclusive, is designed to be used in an automobile 
in conjunction with a vibrator power supply 
giving 100 ma. at 300 volts. The most con-
venient place to mount it is in the trunk 
compartment at the rear of the car, and a con-
trol system is shown for operating the unit from 
the driver's seat. The oscillator is operated at 
15 watts input, and delivers enough power out-
put to give an excellent account of itself. 
As may be seen from Fig. 1535, the oscillator 

uses an HY75 tube in the ultraudion circuit, 

using fairly high C to improve the carrier sta-
bility and reduce frequency modulation. Cou-
pling between the oscillator tank circuit and the 
antenna is varied by means of a swinging link. 
The audio portion of the transmitter employs 

a single-button carbon microphone working into 
a 6C5 Class-A driver stage, which is trans-
former-coupled to a 6Y7G Class-B modulator. 
With a 6-volt microphone battery, the output 
is more than adequate for full power output 
from the speech system. The Class-B modula-
tor gives higher power efficiency and lower av-
erage plate current than a Class-A modulator, 
and, as a result, the proportion of the limited 
power-supply output current which must be re-
served for the audio section is relatively low. 
The 6Y7G, an octal-based version of the 79, re-
quires a plate-to-plate load resistance of about 
14,000 ohms. The oscillator, operating with 300 
volts at 50 ma., represents a load impedance of 
6000 ohms, so that the primary-to-secondary 
impedance ratio required in the coupling trans-
former is 2.3 to 1. With the transformer speci-
fied a close approximation to this ratio is sr-
cured when the taps specified for matching 
4500 ohms to 10.000 ohms are used. 
The transmitter ai enclosed in a 5 X 6 X 9-

inch metal cabinet. Most of the parts are 
mounted on a chassis (ICA) measuring 43% X 
8 X 1 inches. The panel and chassis are 
fastened together by the mounting sleeves for 
the d.c. input plug, gain control and jacks which 
may be seen in Fig. 1534; the microphone jack, 
./3, is the one at the right. The feed-through in-
sulators which serve as antenna terminals may 
be seen at the top left-hand corner of the panel. 
A hole for screw-driver tuning of the oscillator 
is drilled below one of the antenna insulators. 
This hole preferably should be drilled after Ci 
has been mounted, to insure that it lines up 
with the condenser shaft. The swinging-link 
control shaft is located to the right of this hole. 

Fig. 1536 shows the chassis arrangement of 
the main components for the transmitter. The 
6C5, T2, the 6Y7G and the HY75 may be 

Fig. 1534— A complete 112-Mc, mobile transmitter 
before installation. The vibrator supply is in the large 
box at the rear. The two larger units may be installed in 
the trunk compartment of the car, while the control 
box is mounted near the operator in the driver's seat. 
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seen from left to right along the rear edge of the 
chassis. T1 is located at the front left-hand cor-
ner, with T3 to the right. C1 is mounted on a 
stand-off insulator which elevates the con-
denser mounting bracket 1% inches above the 
base. The nut which clamps the mounting 
bracket and condenser together should be 
loosened and the bracket rotated 180 degrees; 
this reduces the length of the leads associated 
with the tuned circuit. The condenser shaft 
should be slotted with a hack saw to allow 
screw-driver adjustment. 
The r.f. circuit arrangement is kept as com-

pact as possible. The plate r.f. choke is to the 
left of the tube, and the grid choke, C2 and R1 
are at the right. L1 is soldered directly to the 
terminals of C1. Small-sized shield braid is 
used for the flexible lead between the HY75 
plate cap and the tuned circuit. 
The swinging link is easily constructed. It is 

made from a panel-bearing assembly with the 
shaft extension eut down to a length of 1 inch. 
A piece of 3d-inch polystyrene rod is fastened 
to the metal shaft by means of a solid metal 
shaft coupling. The ends of the link winding 
pass through holes drilled in the polystyrene 
rod; adequate rigidity will be obtained if the 
holes in the shaft are not made too large and 
the wires are cemented in place. The projecting 
end of the panel-bearing shaft is slotted, to 
facilitate screw-driver adjustment. 

Fig. 1537 shows the arrangement of the parts 
mounted beneath the chassis. C3 and R2 are at 

Shielded Mic.Cable 

------
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1.4 
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A 6mo. 
-300V. 

the upper left-hand corner. C4 is the tubular 
condenser connected between the tube socket 
and the microphone jack. The shaft of the 
audio gain control, R3, should be slotted before 
the resistor is mounted. The four-prong power 
plug is mounted on the panel and projects 
through a 13A-inch hole in the chassis wall. 
The cabinet has rolled-over edges to which 

the panel is fastened. The panel and chassis 
assembly cannot be slipped into the case un-
less the edges on the bottom and sides are cut 
out; the entire length of the side pieces need 
not be removed, but the bottom edge should 
be cut off completely. 
The control-box components all are housed 

in a 3 X 4 X 5-inch metal utility box. The 
four-prong power plug is mounted at one end 
of the box and the rest of the parts are mounted 
on one of the long sides. The microphone bat-
tery also can be placed inside the case, if de-
sired; however, this calls for filing down the 
turned-down edges, since the opening is a bit 
too small to pass an ordinary 6-volt dry battery 
such as the Burgess No. F4PI. 
Heavy-duty toggle switches should be used 

for the storage-battery circuits. Most radio 
parts dealers carry switches of a type designed 
to handle 12 amperes at 125 volts. These 
switches are usually of the d.p.s.t. variety, and 
the poles may be connected in parallel to in-
crease the safety factor. 

Plate current can be measured by using a 
0-100 milliammeter fitted with a plug for the 

13 

16.3V. +300V 

A 

63V  
eattery 

Control Box 
Fig. 1535 —Wiring diagram of the 15-watt 112-Mc. mobile 
Ci — 35-ppfd. midget variable (Hammarlund HF-35). 
C2— 100-ppfd. mica. 
Ca — 10-pfd. 50-volt electrolytic. 

8-pfd. 450-volt electrolytic. 
Ri — 5000 ohms, 1-watt. 
112 — 1000 ohms, 1-watt. 
R3— 0.1-megohm variabie. 
Li — 2 turns of 34j -inch diameter copper tubing, 8%-inch 

diameter, turns spaced inch. 
Link — 2 turns No. 12 wire, Vi-inch diameter, turns 

spaced twice wire diameter. 

NV-75 

RFC 
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2C-300V. 
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Vibrapack 

transmitter, including control and power circuits. 
— Midget closed-circuit jack. 

73, j4 — Midget open-circuit jack. 
Si, Si —  Heavy-duty d.p.s.t. toggle switch. 
Bi, B2 — 150-ma, dial light. 
RFC — V.h.f. r.f. choke (Ohmite Z-1). 
—  Single-button microphone to single or push-pull 

grids (Thordarson T-86A02). 
T. - Interstage audio, single plate to push-pull grids 

(Thordarson T-19D06). 
T.- Output transformer, 10,000-ohm primary to 

4500-ohm secondary (Thordarson T-17M59). 
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Fig. 1536 — Rear view of the 15-watt 112-Me, mobile transmitter. 

plate jacks, J1 and .12. The oscillator plate-
current reading should be approximately 35 
ma. with no antenna load connected and with 
300 volts on the plate. The antenna coupling 
and tuning should be adjusted to obtain a full-
load current of approximately 50 ma., using 
the loosest antenna coupling which will give 
the desired plate current. 
The modulator plate-current reading should 

be about 25 ma. without speech and should rise 
to about 100 ma. on modulation peaks. Under 
full modulation the plate current of the oscilla-
tor will kick downward slightly because of the 
lowered oscillator plate voltage caused by the 
power-supply regulation as the modulator 
current increases. 
The preliminary testing might well be 

carried on with a dummy load coupled to the 
oscillator. As a matter of fact, this procedure 
is recommended unless the transmitter fre-
quency has been set inside the 112-Mc, band 
before the actual installation in the automobile 
is started. In any event, always check the fre-
quency carefully each time before starting reg-
ular operation because the antenna loading will 
affect the frequency. Also, because the oscilla-
tor has a high-C tuned circuit, a small variation 
in the setting of C1 will cause a considerable 
jump in frequency. It is wise to check the fre-
quency whenever an adjustment of any kind is 
made. Frequency checking can be done with 
an absorption-type frequency meter, with 
Lecher wires, or by listening on a calibrated 
receiver. 
A 300-volt 100-ma, vibrator-type power 

supply is recommended for mobile operation. 
The self-rectifying type is the least expensive 
and places the smallest load on the car battery. 

However, any supply that will deliver 
the necessary voltage and current will 
be quite satisfactory. An a.c. supply 
for testing purposes may also be pro-
vided; it should have the same output 
capabilities as the vibrator supply, 
and should include a filament trans-
former designed to deliver 6.3 volts 
at 3 or 3.5 amperes. 
The antenna can be either a quar-

ter-wave (24-inch), or a half-wave (50-
inch) rod. It is easiest to feed the an-
tenna with a short length of two-wire 
transmission line, tuning the system 
by connecting a small 15-ioifd. con-
denser across the link or in series with 
the line, depending on the length of 
the line. The antenna tuning con-
denser may be mounted right on the 
antenna terminals of the transmitter. 
The control box should be mounted 

at some convenient point near the 
driver's seat, either under the dash or 
above it. Fig. 1535 shows how the con-
trol box is wired into the circuit, and 
Fig. 1427 shows how receiver control 
can be included in the arrangement 
to give a complete mobile station. 

The four leads which run from the control 
box to the transmitter in the trunk are encased 
in large-sized spaghetti tubing and shielded. 
The power-supply unit also is housed in a 

metal cabinet, for good appearance as well as 
for protection. Both cabinets (transmitter and 
power supply) should be bolted to the trunk 
floor before the rest of the equipment is in-
stalled. The transmitter and supply can then 
be slipped in place and bonded together and to 
the car frame. 

Current and voltage readings will be low un-
less the power unit and the transmitter fila-
ments receive the full battery voltage. The 
slight drop caused by long leads can be toler-
ated if the car battery voltage is up to stand-
ard, but a run-down battery may cause trouble. 
The voltage at the transmitter will be variable, 
because the voltage at the battery terminals 
ranges all the way from 6 to 8 volts depending 
on whether or not the car motor is running. Suf-
ficient voltage should reach the equipment if 
motor is turning over at a speed which causes 
the dash ammeter " charges " to indicate. (Bib. 5.) 

Fig. 1537 — Bottom view of the mobile transmitter. 
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Fig. 1538— A 224-Mc, transmitter using an 11Y75 tube. 
A rectangular hole in the top of the chassis allows 
the tuning condenser to be placed for shortest leads. 
The condenser is adjusted by an insulated screw driver. 

41. A Transmitter for 224 Mc. 

At frequencies higher than 116 Mc., consider-
able difficulty is found in getting good per-
formance with tubes other than those designed 
expressly for v.h.f. operation. However, there 
are several inexpensive tubes available to the 
amateur that will perform well on 224 Mc. The 
transmitter in Figs. 1538-1540 shows how one 
of these, the HY75, may be put to work. 
The transmitter is built on a 3% X 6%-inch 

piece of '4-inch Presdwood supported by two 
strips of 1 X 2-inch wood. A rectangular 
hole is cut in the center of the Presdwood to 
accommodate the tuning condenser, which is 
supported by two metal pillars at one end. The 
tuned circuit consists of two lengths of 4-inch 
copper tubing, 31.4 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 the ends of 
the tubing, and the tuning condenser is con-
nected to two lugs right at this point. Connec-
tions from the tubing to the grid and plate ter-
minals on the tube are made by 3/,-inch lengths 
of flexible shield braid. The filament chokes, 
the plate r.f. choke, and the grid leak are 
mounted under the chassis. 
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 moving the loop nearer 
to or farther away from the copper tubing. 
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 CI. 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 tubes; if this is not 
enough, the tubes will have to be made shorter 
or longer. The tuning condenser is adjusted by 
means of an insulated screw driver. 

HY75 

( L2  

L1 

RFC2 ftFC3 

6.3Y. Filament 
Transformer 
Center tap 

400 e 

RFc i 

Fig. 1539 — Wiring diagram of the 224-Mc. oscillator. 
Ci — 100-,.pfd. midget variable (National UM-100). 
Ri — 5000 ohms, 10-watt wire-wound. 
Li — copper tubing, 3% inches long, spaced 3'-

inch on centers. 
L2 — 2-inch loop of No. 16 bare wire. 
RFC2 — V.h.f.r.f. choke (Ohmite Z-1 or Z-0). 

RFC2, RFC3 — 10 turns No. 18 e., close-wound on inch diameter, diameter, self-supporting. 

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 Thirteen 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 224-Mc. band, if desired. 
It is desirable not to run a feed line for any 
great distance at this frequency, because of 
the possibility of radiation from the line. 

Fig. 15 — The r.f. chokes and the grid leak are 
mounted under the chassis of the 224-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. 



V.H.F. Transmitters 327 

Fig. 1541 — A 750-Mc, transmitter tieing an acorn triode as an oscillator. The 
concentric antenna is an integral part of the oscillator unit. The square. 
corner reflector concentrates the radiation in the desired direction. (W6I0J.) 

tj Microwave Oscillators 

In the microwave region — roughly, on 
wavelengths below one meter or frequencies 
above 300 Mc. — there is opportunity for 
much interesting experimental work. Figs. 
1541 to 1545 show two oscillators which illus-
trate the type of construction necessary in this 

frequency region. The oscil-
lator in Fig. 1542 is designed 
to work at approximately 
400 Mc., and that in Figs. 
1544-1545 —also shown, 
complete with antenna and 
reflector system, in Fig. 1541 
— operates at 700-750 Mc. 
Both oscillators use the 
quarter-wave parallel-line 
circuit shown in Fig. 1543, 
and both employ concentric 
antennas which are made a 
permanent part of the os-
cillator. 
The half-wave parallel-

rod type of oscillator is used 
because of its unfailingly 
consistent operation and be-
cause of its ability to transfer 
a relatively large percentage 
of its power output into the 
antenna, as compared to 
other oscillators designed for 
higher stability. Although 
the stability of the parallel-

rod oscillator is relatively poor, in many cases 
the lack of stability in a microwave oscillator 
lies not so much in the electrical design as in 
the mechanical construction. With this in 
mind, the oscillator should be required to 
tune smoothly, be shielded from external ob-
jects to minimize stray radiation, and have a 
mechanically rigid antenna system. 

Fig. 1542 — Left— A general view of the 400-Mc. oscillator. The parallel-line tank circuit is mounted inside a 
2-inch copper pipe which serves both as shield and as mounting base. The 955 acorn tube is mounted at the ends of 
the resonant line. Trough lines s-wavelength long are used for tuning the filament circuit in this oscillator. The 
vertical pipe at the rear is the concentric line to the antenna. Right— The tuning mechanism of the 400-Me. 
oscillator. Only one adjustment actually is used in tuning; the other balances the line for maximum output. 
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Fig. 1543 — Circuit of the shielded parallel-rod micro-
wave oscillator. The parallel resonant lines are made of 
316-inch copper tubing, spaced Y2 inch between centers. 
The lines are 4 inches long for 750-800 Mc., 10 inches 
long for 400 Mc. The closed filament line (14) for 750 
Mc. is slightly longer than one quarter wave. Li is the 
length of Li plus a quarter wave. The 400-Mc. filament 
circuit is made of two trough lines, each i/5-wave long; 
one line is insulated from the shell by a thin mica sheet. 

A length of 2-inch copper pipe is the basic 
structure for each oscillator. This pipe serves 
the dual purpose of effectively shielding the par-
allel rods and of forming a solid mechanical 
support for everything connected with the os-
cillator. It also provides an excellent ground for 
radio-frequency by-pass condensers at any 
point on its surface. Shielding of the parallel 
rods aids stability by eliminating all hand-
capacity effects, and also allows perfect by-
passing for the power leads. 
The mounting of the tubes as shown in the 

photographs indicates the precautions that 
must be taken to prevent loses. All connections 
should be direct, and no insulation should be 
used to support the leads if they are at voltage 
loops. The tuning system again illustrates the 
necessary low-loss construction. 
The tuning system may be compared to the 

usual variable condenser; the surfaces of the 
rods act as the stator plates of the condenser 
and the grounded copper strip, which is varied 
in distance from the parallel rods, is analogous 
to the rotor. 

Filament lines are not actually necessary for 
operation of the 955 tube on 400 Mc., since fila-
ment "chokes" would serve practically the 
same purpose. The lines are used in this case to 
simplify the design and to stabilize the mechan-
ical construction, however. The use of such 
lines leaves no doubt as to the efficiency of the 
filament circuit, and, as the frequency is raised, 
their superiority over r.f. chokes becomes the 

more pronounced. 
Figs. 1542 and 1545 show two types of con-

struction for the filament lines. The trough line 
of Fig. 1542 facilitates adjustment, since it is 

an easy matter to insert sliders between the 
trough and the inner conductor to adjust the 
electrical length for optimum performance. One 
trough line is fastened solidly to the shielding 
pipe, while the other is insulated from the 
pipe with thin mica sheet for the filament 
return connection. 
Use of concentric line instead of the trough 

complicates the manner of adjustment. The 
line with the closed end, projecting to the right 
in Fig. 1545, is cut to approximate length and 
soldered in place with no means of adjustment, 
while the second line is made a quarter wave 
longer. The end of the longer line is at a voltage 
node and is left open, allowing the length of the 
inner conductor to be varied for filament-cir-
cuit adjustment. At the same time, it leaves 
one side of the filament insulated from the 
shield. The filament connection is made 
through an r.f. choke tapped at the current 
loop on the inner conductor. 
The coaxial antenna consists of a quarter-

wave radiator with a quarter-wave skirt at-
tached to the outer conductor. The skirt in this 
case is made of sheet copper, bent so that the 
upper end fits tightly over the outside conduc-
tor, while the bottom flares out so that it will 
have a clearance of one-half to one inch from 
the coaxial line. Four or more quarter-wave 
wires or copper-tubing elements may be used 

Fig. 1544— End view of the 750-Me. oscillator. The grid 
and plate pins of the 955 acorn tube are inserted in small 
holes in the ends of the parallel rods, with the filament 
connections being made through small spring con-
nectors which also hold the tube in place. The cathode 
pin is strapped to one of the filament pins, as shown. 
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Fig. 1545 — Left—The 750-Me, oscillator disassembled, showing the 2-inch outer shell with the filament lines 
and the radiator in place. The tuned-circuit parallel lines with their polystyrene insulators are in the foreground, 
with the feed chokes projecting upward at the terminal ends. The hemispherical end shields are of hammered copper, 
made to fit tightly inside the ends of the shell. Right— The tuning mechanism of the 750-Mc. oscillator. Turning 
the knob in its threaded bushing varies the spacing between the curved copper strip and the parallel-rod assembly. 
At the top may be seen the lower part of the -skirt or lower quarter-wave section of the concentric antenna. 

in place of the skirt with practically the same 
results. In coupling the coaxial line to the 
oscillator, either inductive or capacitive cou-
pling may be used. Although the inductive 
coupling is the most convenient, as the fre-
quency is raised the capacitive coupling ap-
pears to be the more satisfactory. 

In the case of the 775-Mc, oscillator, there 
is sufficient coupling through the capacity be-
tween the rod and a copper strip, a quarter of 
an inch wide and three-quarters of an inch long, 
lying parallel to the plate rod; this strip is con-
nected directly to the coaxial line. 
The best method of adjusting the antenna 

coupling is through the use of a field-strength 

crysieo 
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Fig. 1546 —Simple field-strength meter for checking 
microwave or very-high-frequency radiators. It may also 
he used as a sensitive indicator when making frequency 
measurements by connecting Lecher wires at X-X. 

meter. As shown in Fig. 1546, 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. With this type of indicator, good 
readings have been obtained at distances of 
four or five wavelengths from the transmitter 
with only a few watts input. 

In use, the 400-Mc, oscillator operates 
normally in every way. The radiated output is 
as good or better than that of the average 112-
Mc. transmitter using the same power input. 
The 750-775-Mc, oscillator operates near 

the critical frequency of the 955 acorn tube as a 
regenerative oscillator. The highest frequency 
obtainable is approximately 800 Mc., with a 
small usable output available at frequencies 
between 750-775 Mc. (Bib. 6.) 
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CHAPTER SIXTEEN 

he War Emergency Radio 
Service 

SINCE the suspension of all amateur 
operating as such, civilian amateur radio li-
censees have found many practical operating 
and constructional opportunities in the War 
Emergency Radio Service. The WERS is a 
temporary wartime communication service 
established to aid in the protection of civilian 
life and property in the event of enemy attack 
or natural disasters. It shall be the purpose of 
this chapter to demonstrate the workings of 
the three categories of WERS (Civilian De-
fense, State Guard and Civil Air Patrol), and 
to show how the equipment and personnel of 
the stay-at-home radio amateur can best be 
utilized in this service. 

In the original rules governing this service, 
issued in June, 1942, operation was authorized 
to two kinds of organizations, civilian defense 
and state guard. The civilian defense organiza-
tion is under the supervision of the U. S. Office 
of Civilian Defense, Protection Branch, and is 
executed by the U. S. Citizens Defense Corps, 
an organization of enrolled civilian volunteers 
established within OCD. Civilian radio ama-
teurs have played a greater part in CD-WERS 
(civilian defense WERS) than in either of the 
other two categories. 

Practically every state now has its own state 
guard organization, a semi-military group es-
tablished within the state to provide protec-
tion and a military reserve for duty within that 
state. SG-WERS (state guard WEBS) is a 
service operated by the state for communica-
tions relating directly to the activities of the 
state guard or other equivalent officially recog-
nized organizations. 

In January, 1943, the FCC included a third 
category within this service, that of the Civil 
Air Patrol, a rapidly expanding organization of 
eivilian volunteer pilots and air personnel, 
established originally within the Office of 
Civilian Defense but later absorbed into the 
U. S. Army Air Forces. 

In each category an official is appointed by 
the licensee (a local municipality in the case 
of civilian defense stations, a state in the case 
of state guard, and a " wing" in the case of the 
Civil Air Patrol) to supervise the network, 
after thorough investigation and certification 
by the licensee. This official is called a " radio 
aide" in CD-WERS, and a " communications 
officer" in SG- and CAP-WERS. One license 
authorization may be issued to cover the 
operation of all fixed, portable, mobile and 

portable-mobile transmitters proposed to be 
used in a single coordinated system. Call let-
ters are assigned with subnumbers, one number 
for each transmitter in the system; for ex-
ample, WQRR-1 might be the control unit for 
a typical network, with WQRR-2 through 
WQRR-23 as subordinate units. Operation 
may be on any frequencies in the amateur 
112-, 224- and 400-Mc. bands, using any normal 
type of emission, with a maximum input of 
25 watts and certain stability specifications. 
WERS operation may take place only in those 
specific instances as defined hereafter, except 
for authorized practice blackouts and mobiliza-
tions and for weekly test periods. Station units 
may be operated only by the holders of WERS 
operator permits, available to any FCC oper-
ator licensee whose services are wanted by a 
WERS licensee, upon proper application with 
accompanying certification of the station li-
censee. The complete rules and regulations 
appear at the end of this chapter. 
The radio amateur has played an important 

part in all three categories of this service, al-
though perhaps more so in CD-WERS than in 
the other two. There is no priority rating avail-
able for equipment to be used in this service, 
and much of the equipment was supplied by 
amateurs who had it on hand or who were able 
to build it from parts out of their junk boxes. 
Amateurs themselves serve as administrators, 
technicians and often as operators, as well as in 
training additional personnel to qualify for 
operating assignments. Since the service has 
expanded greatly in scope and magnitude since 
its origin amateurs now represent an in-
creasingly smaller part of the participating 
personnel, but an increasingly more important 
part by reason of their technical ability and 
operating experience. 

(1. Civilian Defense Stations 

WERS was organized primarily at the re-
quest of the Office of Civilian Defense, which 
wished to fit WERS units into its nationwide 
plans for protection against enemy attack. 
With the disruption or overloading of normal 
telephone and telegraph circuits, a CD-WERS 
unit provides emergency radio channels be-
tween the Citizens' Defense Corps control 
centers, air-raid warden posts, police, hospitals 
said other strategic points. They also are 
available for use during other emergencies en-
dangering life, important property and public 
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safety in connection with civilian defense or na-
tional security and, like all other WERS sta-
tions, at the request of any agency of the 
United States Government during emergencies 
endangering the safety of life or property. 
Aside from those periods during which CD-
WERS stations are activated for essential op-
eration in connection with their duties, certain 
hours of the week have been set aside for 
testing and practice drilling purposes so that 
the personnel involved, consisting entirely of 
civilian volunteers who may or may not have 
had previous experience in radio communica-
tion, can be trained to execute their assigned 
duties promptly and efficiently. 
Plan of organization— Under FCC regula-

tions, a civilian defense station license is issued 
to any local government, such as a town, city, 
borough or county, but the radio aide has ac-
tual control of all units under the jurisdiction 
of the license. This radio aide is appointed by 
the licensee, who must certify, on a prescribed 
form, that he is of proved loyalty and known 
integrity. The licensee then leaves most of the 
responsibility for the local CD-WERS in his 
hands; thus it is essential that the position of 
radio aide be given to the best possible man 
available for the job. 

For control, communication and air-raid 
warning purposes, the OCD plan of organiza-
tion is based fundamentally on what is known 
as an air-raid warning district. Such a district 
usually contains several hundred square miles 
— say, for example, an area 20 or 25 miles 
square — and its boundaries were originally 
chosen in terms of telephone toll-line organiza-
tion. Somewhere near the center is a district 
warning center, usually in the largest city of the 
area. At this center, air-raid warning and other 
signals are received from regional information 
centers, which derive their instructions from 
the Army defense commander. The d.w.c. has 
the duty of relaying certain of these signals and 
information to other communities in its warn-
ing area, known as subcontrol centers. Through 
its communication facilities, the warning dis-
trict's defense-corps staff arranges for alloca-
tion of apparatus for fire-fighting, road clear-
ance, etc., in the event of a heavy air raid 
concentrated only in parts of the area. Com-
munication with the warning-district center is 
important, since CD-WERS then can take over 
district air-raid warning signals and other traffic 
if the need develops, and is assured of prompt 
notification should the WERS be ordered off 
the air by the defense commander. 
The control and communications section of 

OCD desires the establishment of networks 
based on these warning districts where possible. 
It wishes the station license for the entire dis-
trict to be held by the city in which the d.w.c. 
is located, with subnumbers assigned in 
blocks to other cities in the area. In the ficti-
tious example shown in Fig. 1601, Centralia is 
the d.w.c. city of its area; it holds the license 
for the entire warning district, blocks of sub-

numbers being distributed to its communities 
according to their communications require-
ments as shown. Some of the advantages of 
this arrangement are: 

a) The important lines of civilian telephone 
communication for air-raid protection are 
paralleled by the radio network. 

b) Available frequency channels can be 
apportioned to adjacent communities in such 
a manner as to keep interference at a minimum. 

c) The station units have radio channels 
direct into the district warning center, and 
may thereby be notified immediately of any 
shut-down order. 

d) Facilities, personnel and portable-licensed 
equipment can be exchanged among the vari-
ous communities under the license at will with-
out special FCC authorization. 

This requires a communications set-up dif-
fering but slightly from individual community 
plans. Organization of a group of communities 
under the district plan requires the utmost co-
operation among the communities involved, 
but, once such cooperation is pledged or found 
to be existent, plans can go forward smoothly. 
Here are the preliminary steps to be taken in 
such organization: 

a) Each interested community in the dis-
trict appoints its local radio aide. 

b) Local radio aides and communications 
officials of all local defense councils get together 
and appoint a district radio aide. In most dis-
tricts, it has been found that a district radio 
aide cannot do a good job if he is also a local 
radio aide. The district radio aide nominally is 
designated the radio aide of the licensee, which 
in this case is the d.w.c. city. As seen above, 
however, actually he is selected by agreement 
among the communities concerned. 

Fig. 1601 — Fictitious air-raid warning district map, 
showing allocation of subnumbees based on the size and 
communication requirements of individual communities. 
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c) Local radio aides then proceed to organ-
ize their own communities under the district 
plan, at the same time preparing the license 
data to be included in the license application. 
These data are forwarded to the district radio 
aide upon completion. 

d) The district radio aide collects all license 
data from the local radio aides, executes the 
application, signs all operator permit applica-
tions and forwards the completed application 
to Washington. 

It can readily be seen that licensing by dis-
tricts is not practicable among communities 
which are at odds with one another. Unfortu-
nately there are any number of reasons why 
district licensing might not be possible, such 
as: (a) the d.w.c. city may show no inclination 
to apply, or is in a very early stage of organiza-
tion; (b) the d.w.c. city does not wish to have 
suburbs or adjacent communities included in 
its license application; (c) local defense officials 
insist upon an independent application, despite 
revelation of the advantages of the district 
system; (d) efforts on the part of outlying 
communities to help organize the d.w.c. city 
may have proved fruitless. 

If, for one or more of the above or other rea-
sons, it becomes necessary for communities of 
a district to apply independently, it is quite 
fitting and proper that they should do so rather 
than await a stalemated warning-district appli-
cation. Individual communities thus applying 
should aim their organization at eventual con-
solidation with other communities of the dis-
trict under the warning center. When the d.w.c. 
city becomes licensed, and is agreeable to a 
district license, the following steps then may be 
taken to effect a warning-area license: 

a) Appointment of a district radio aide. 
b) Preparation and submission of applica-

tion for the entire district. 
c) Surrender for cancellation of the inde-

pendent licenses. 
d) Request by independent licensees for 

special authorization to continue operation un-
der the old license until the district license is 
issued. 

e) Re-issuance of operator permits to be 
signed by the district radio aide and good for 
operation anywhere in the district. 

Since this process will require quite a bit of 
altruism on the part of local communities, and 
since it will probably mean temporary disrup-
tion and rehabilitation of the local organiza-
tion, it is quite likely that many independent 
licensees will be unwilling to be a party to any 
such scheme, preferring to maintain their in-
dependent status. It is unthinkable' however, 
that independent licensees should want to 
crawl inside their shells and have nothing to do 
with any adjoining licensees. If an independ-
ently licensed community finds itself unwill-
ing to consolidate itself into the district 
license, the next best thing to do is to arrange 
for regular contact by radio with the district 
warning center by having one of the inde-

pendent licensee's station units represent its 
community in an intercommunicating network 
consisting of the control units of each commu-
nity in the district, whether or not it be under 
the district license. The control unit of this 
" district net" should be located in the d.w.c. 
city, since the district warning center will be 
the only point in the district to receive shut-
down or other orders from the Army Informa-
tion Center as well as the point at which re-
quests for aid will be received from and dis-
patched to adjoining communities. 
Frequency allocations — It is one of the 

duties of the radio aide to coordinate the use of 
available frequencies by various communities 
so as to keep interference at a minimum. In 
setting up channels for employment by WERS 
stations, two factors must be considered: the 
frequency-stability requirements of FCC regu-
lations, and the practical effect of possible 
interference between stations. 

There are many schemes for frequency allo-
cation in use among the hundreds of CD-
WERS licensees in existence, and the one de-
cided upon by any particular organization 
should be arrived at in consideration of the 
specific problems confronting that organiza-
tion. Without doubt many of these problems 
will be peculiar to that organization, and there-
fore it is not possible for FCC, OCD or ARRL 
to set down a prescribed allocation scheme. 
The regulations give only the stability require-
ments and the band limits on which to base 
our plan. 
OCD has proposed an allocation scheme 

which it has called its "Tri-Part Plan." This 
recommendation divides the 112-116-Mc, band 
into four segments, three of which are for use of 
CD-WERS while the other segment is to be 
used by SG- or CAP-WERS. Each segment is 
divided into a number of frequency channels 
200 kc. apart, and each such band segment has 
a specific use. Nominally, they are the local-
district (LD) band (112-112.8 Mc.) for the use 
of local control units in communicating with 
the district control unit, the local-fixed (LF) 
band (112.8-114 Mc.) for channels between lo-
cal control units and fixed units of the local 
organization, the local-mobile (LM) band (114-
115.2 Mc.) for contact with local control units 
and service headquarters by mobile units, and 
the Civil Air Patrol band (115.2-116 Mc.) for 
the use of the Civil Air Patrol and State Guard 
in areas where these categories of the services 
are in operation.' 
A simpler and probably more practicable 

method of frequency allocation, modifications 
of which are in actual use in many districts, is 
the following: The radio aide, in conference 
with radio aides of nearby districts, chooses a 
suitable spot on the " high stability" (112-114 
Mc.) section of the band for the warning-dis-
trict net, and assigns at least one additional 

For more details of the ni-Part Plan, see QST. Feb. 
1943, p. 19. 
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frequency to each community within the dis-
trict for dispatch purposes or other use of its 
own choice. In the "low stability" section 
(114-116 Mc.) he should assign two frequencies 
to each community (including the d.w.c. city), 
one for a local net and the second for subnets 
of the local nets, constantly keeping in mind 
the geographical location of each community 
and the possibilities of mutual interference. 
Assuming that each community of our ficti-
tious warning district intends to make full use 
of each each kind of service, the allocation for 
the first half of the band might be shown as 
follows: 

Frequency Use 

112.1 Mc. 
112.3 
112.5 
112.7 
112.9 
113.1 
113.3 
113.5 
113.7 
113.9 

Guard Band 
Warning District Network 
Guard Band 
Berkfield and Eastwater dispatch 
Coleville and Pineburgh dispatch 
Centralia dispatch 
Glenview dispatch 
West Bend dispatch 
Village Grove dispatch 
Guard Band 

The second half of the band might be 
apportioned like this: 

Frequency Sector Warden Nets Lower Nets 

114.2 Centralia Coleville 
114.6 Village Grove, Berkfield Glenview, Eastwater 
115.0 Coleville West Bend, Pineburgh 
115.4 Glenview, Eastwater Centralia 
115.8 West Bend, Pineburgh Village Grove, Berkfield 

Actually the smaller communities may not 
have use for more than one channel, in which 
case more channels will be available for larger 
communities with a more complicated net-
work scheme. An appreciable amount of dupli-
cate and triplicate use of a single channel is 
quite practicable in lower nets of most warning 
districts. The type of receiver which will be 
in general use (the superregenerator) has the 
characteristic of featuring the loudest signal 
existent in its input circuit, completely annihi-
lating any signal of appreciably less strength. 
Note that 400-kc, channel separation is pro-

vided in the "low-stability" part of the band. 
This is to allow plenty of breathing room for 
each channel and provide for inevitable in-
accuracy in frequency spotting by stations in 
the net. In the " high-stability" section of the 
band the channels need be only 200 ka. apart, 
since units capable of operating in this seg-
ment are expected to be more accurately cali-
brated and capable of better frequency stability. 
The above plan makes no provision for State 

Guard or Civil Air Patrol operation in the area, 
but this should not imply that the possibility 
of their existence can be ignored. In the event 
that other categories of WERS are active, it is 
simply the duty of the radio aide to plan his 
frequency allocations accordingly, which will 
make the problem more complex because of re-
sultant shortage of channels. 

Because the "standard" vacuum tubes 
available at present do not perform efficiently 
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Fig. 1602 — A possible set-up of communication chan-
nels in an air-raid warning district, under one license. 
In this fictitious district, the city of Centralia houses the 
district warning center and the city itself is known as a 
main control center. The block "Local ARP Services" 
designates the fire, police, demolition-squad and other 
protection services to which a dispatching channel is de-
sired. The block "Equipment Pool" designates a num-
ber of portable-mobile units available at a central point 
for immediate dispatch to an area suffering from un-
usual enemy bomb hits. For space reasons, only the 
Berkfield subcontrol center is shown subdivided here. 

at 224 Mc., that amateur band has not been 
included in the basic allocations above. For 
organizations whose amateurs already have 
suitable tubes and equipment for a successful 
224-Mc, communications system, additional 
channels are available which will simplify the 
problem. 
Operating personnel — Everyone who op-

erates a WERS station unit must possess a 
WERS operator permit. There are no exceptions 
to this rule. To be eligible for such a permit, an 
individual must possess a radio license of any 
class issued by FCC. Thus a licensed amateur 
is already eligible, as is any commercial radio 
operator; he may secure an operator's permit 
simply by filing a completed FCC Form 457 
with his radio aide, who forwards it to FCC. 
With thousands of amateurs in military and 

government communication service, it has 
been found that very few communities have 
sufficient licensed operator personnel to carry 
out a satisfactory plan of CD-WERS commu-
nication. In most communities it has been 
found necessary to set up brief but intensive 
training courses for desirable personnel aimed 
either at securing an amateur license or a re-
stricted radiotelephone permit, probably with 
emphasis on the latter because of the com-
parative ease in qualifying for it. 
A course for the 'phone permit might be set 

up for a total of six hours, in two-hour periods. 
A preliminary period could well be spent on 
presenting a general background of radio and 
the need for regulation and licensing; then a 
period of brief general exposition of the high 
spots of commercial rules and regulations, fol-
lowed by individual discussion of typical ques-
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Fig. 1603 — A typical V. Ellti district control center station — 
V. 01)F-5, Akron, Ohio. Duplicate operating positions enable dual-
channel contacts with the central control station and field groups 
simultaneously. Auxiliary transceivers are kept in reserve to supple-
ment regular equipment in the event of failure and for use as field units. 

tions and answers; and lastly, several hours 
spent in simulated operation, practicing voice 
technique, phonetic word lists, signing the sta-
tion off, repeating dummy message reports — 
all to make operators as well as licensees. 
FCC commercial operator regulations pro-

vide to "employees of a division of local or 
state government" the convenience of "resi-
dent" examinations for the restricted 'phone 
permit. FCC has extended this privilege to 
personnel selected to operate WERS stations. 
In practice the municipality should communi-
cate with the district inspector, submitting 
to him completed application forms with all 
other necessary attachments (fingerprint forms, 
proof of citizenship, photographs) for each ap-
plicant, along with the name of the person 
designated to supervise the examination (who 
might well be the radio aide) and the date and 
place it will be given. In the case of WERS 
stations, resident examinations will not be 
authorized prior to the issuance of the station 
license. Please note that this convenience ap-
plies to the restricted 'phone permit only — 
not to amateur licensing. 
Operating procedure — One of the greatest 

faults with many CD-WERS organizations is 
that either they have failed to evolve any op-
erating procedure or the procedure they have 
adopted is inadequate or unbecoming a govern-
ment communications service. Realizing that 
the procedure used necessarily would vary 
according to the particular situation involved 
FCC did not limit WERS operation to any set 
form, except for a requirement that the pro-
cedure to be used be described as one of the 
supplementary statements in the application. 
From this it is not to be concluded that WERS 
units may say what they please on the air 
or conduct their operation in any way they see 
fit. "Ragchewing," attempting to establish 
DX records, and experimenting on the air 
except for the sole purpose of establishing re-

liable communication between 
two or more licensed points, es-
pecially are to be discouraged. Op-
erators should be trained to make 
their transmissions brief and to the 
point. Participating amateurs, in 
particular, should be watched for 
this discrepancy, since WERS is 
not an amateur service and should 
not be conducted like one. 

It is difficult to foresee what 
actual communications need there 
will be during an air raid and 
therefore one can only plan as best 
he knows how, altering the speci-
fications as it is found they can be 
improved. Thus all that can be 
discussed here are general princi-
ples. 

Identification must be complete 
at the beginning and ending of 
each complete exchange of com-
munication. The net control unit 

might call the roll and be answered by the 
net units in the following manner: 
wxxxi: WXXX1 calling WXXX2, answer roll call, go 

ahead. 
WXXX2: WXXX1 from WXXX2, answering roll call, go 

ahead. 
WXXX1: OK 2. WXXX1 calling WXXX3, answer roll 

call, go ahead. 
(Etc., until roll call completed) 

WXXX1: 2 from control, ready for your traffic, go ahead. 
WXXX2: Control from 2, here traffic. . . . 

With enemy planes approaching, however, 
announcement of call letters might reveal 
location of units. In some sections the Army 
requires that call letters, as well as any other 
information that might be of value to the en-
emy, be omitted during actual air raids. At 
such times the Army will issue a limited trans-
mission order, which will come through the dis-
trict control center and must be immediately 
obeyed by CD-WERS networks. Identification 
at that time should be by unit number only, 
omitting all assigned call letters. At all other 
times the FCC requirement that complete identi-
fication be given must be observed. 

To expedite the handling of incident reports, 
CD-WERS systems should use the same report 
forms as are used by the wardens in reporting 
incidents. These report forms usually consist of 
items numbered one to eleven. In transmitting 
messages using these forms the operator can 
merely designate the item number to follow, 
without repeating any other printed information 
on the form. Some systems of operating pro-
cedure, although following the order of the 
regular report form, nevertheless omit the item 
number altogether. 

Since the urgency of messages will vary it 
is well to arrange priority ratings for messages, 
such as "regular" (a routine warden report not 
requiring action), "rush" (a warden report 
necessitating action to be taken by one of the 
protective services), or " duplicate " (indicating 
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that no action had followed a previous report 
and the situation was becoming urgent). 
Many licensees have devised systems for 

coding messages transmitted over CD-WERS 
networks, so that their meanings would not be 
apparent to the casual or enemy listener. Only 
information that might be useful to the enemy 
need be coded. The only effective way of 
putting such a code into practice is to agree on 
certain letters or numbers to represent certain 
words or phrases, and then to practise inces-
santly the technique of handling traffic using 
such a code. Code lists may consist of fre-
quently used phrases, each containing its 
code number, which cover almost any con-
ceivable need. To indicate locations, the city 
can be divided into zones, each street within 
that zone being numbered, so that a certain 
street could be indicated by saying "Zone 
3-14," meaning the street numbered 14 in 
Zone 3, or "357 Zone 3-14" if it is desired to 
give the number of the house affected on 
that street. A simpler and perhaps more 
effective way of coding streets is to assign 
a number to each street in the city or district, 
starting, for example, with 0001 for Aaron 
Street and ending with 2500 for Zephyr Way; 
or, if desired, the numbers could correspond 
to the geographical location of the street in-
stead of its alphabetical sequence; or there 
need be no relation between the street and 
the number assigned it. In any case each 
station unit should be equipped with a list of 
the number codes, arranged both numerically 
and alphabetically for ease of reference in 
coding and decoding. 
Remember, however, that in handling traffic 

the important thing is to get the message 
through quickly. After efficient speed has been 
developed in handling messages, it is time 
enough to start considering coding devices. In 
no case should secrecy codes be developed at 
too great expense in speed. 

In general, the following principles of oper-
ating procedure should be applied: 

a) Comply with FCC and Army regulations. 
b) Make transmissions short and to the 

point. Eliminate all words that can be elimi-
nated without affecting the sense. 

ARMY-NAVY PHONETIC WORD LIST 

A —Affirm 
B — Baker 
C —Cast 
D — Dog 
E —Easy 
F —Fox 
G —George 
H— Hypo 
I — Inter 

0— 7,4-r6 
1— Won 
2— Too 

J —Jig 
— King 

L — Love 
M — Mike 
N —Negat 
O —Option 
P —Prep 
Q — Queen 

3— Thuh-ree' 
4 —Fo-wer 
5 —FI-yiv 
6— Siks 

R — Roger 
—Sail 

T — Tare 
U —Unit 
V — Victor 
W — William 
X —X-ray 
Y —Yoke 
Z —Zed 

7 —Sev'-ven 
8—Ate 
9— NI-yun 

Example: 
WQRR-49 — William Queen Roger Roger Fd-wer Ni'-yun 
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c) Adopt a procedure which will conform as 

closely as possible to that used by other branches 
of the ARP communications service. 

d) Evolve your procedure around the slo-
gan, "The enemy might be listening," and 
arrange it so that a listening enemy agent in 
no way may be aided by your transmissions. 

e) Avoid unnecessary complications. The 
ideal operating procedure is one which will 
accomplish the objectives in view as simply, 
quickly and effectively as possible. 
Application data — The person preparing 

a license application must make certain that it 
complies with the regulations, and he should be 
sure to prepare the application correctly the first 
time to avoid having it questioned by FCC 
— a time-wasting process, both for the appli-
cant and for the Commission. On any doubtful 
issue it is wise to get the advice of someone 
who has "been through the mill." The com-
ments to be made here, while necessarily of a 
general nature, are intended to cover points on 
which radio aides frequently go wrong. 
The station-license application should be 

prepared on FCC Form 455 (available at any 
district FCC office). It may be executed only 
by municipal governments, such as cities, 
towns, counties, etc., and not by any subdivision 
of that government such as the police depart-
ment, fire department or defense council. The 
application must be signed by the mayor, town 
manager or similar highest executive official of 
the government. For reasons of flexibility, 
many licensees have adopted the practice of 
listing all units as "portable" or "portable-
mobile" except the fixed control units. 
FCC will not issue a station license unless 

the application shows in detail the complete 
set-up of civilian defense communications. 
Extremely important is the map of operations, 
which should be included as a part of the sup-
plementary data required in the regulations. 
A street map, available from the city clerk, 
should do the trick, with overmarking to show 
the communications plan. It should carry the 
locations of all station units, and if port-
able units are included their boundary lines 
of normal operation must be indicated. For 
warning-district organization, probably it will 
be more convenient to submit first a chart of 
the entire district, showing the channels be-
tween district and subcontrol centers, and sec-
ond a series of smaller maps showing individual 
communities and details of unit locations. 
The license application requires a number of 

attachments of supplementary statements and 
additional information, as follows: 

a) Additional lists of equipment too long 
for inclusion on page two of the application. 

b) A number of sheets identical to page three 
of the application, giving technical data on 
types of equipment not shown thereon. 

c) Form 455 (a), certification of radio aide. 
d) If the licensed community wishes to 

provide service to additional communities (as 
in the district plan of licensing), copies of inter-
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municipal agreements made between the li-
censee and the various other communities to 
be covered, properly signed in each case by the 
mayor or similar official, must be included. 

(e) Forms 457, one for each operator authori-
zation requested. Make certain that these are 
properly executed and that two full-face recent 
photographs, not over 2% X 2% inches and 
signed on the back by the individual applicant, 
are attached. 

f) The general map of operations, as dis-
cussed above. 

g) A statement concerning the scope of 
service to be rendered and type of messages 
handled. That is, whether a service for air-raid 
wardens alone, or for emergency equipment 
dispatch, or "incident officer" contact, or a 
combination of several. 

h) Factual information on the exact area 
of operations to be included in the license. 

i) A statement of the general operating pro-
cedure to be employed by all station units. 

j) A list of all equipment procured, showing 
source (purchase, loan, gift, etc.) and distri-
bution (usual area of operation of each unit). 

k) A statement of methods to be used in 
supervising the operation of all station units, 
including data on monitoring, frequency-meas-
urement methods, provision for frequent in-
spection by the radio aide, etc. If the latter 
has delegated controlling authority to deputies 
or assistants to act for him, this item should so 
state. 

1) Methods used to ascertain the loyalty and 
integrity of operating personnel. This section 
should include a statement from the local chief 
of police giving the names of all operators for 
whom operating permits are requested and 
certifying to their character and loyalty to the 
United States. Also include data on plans for 
recruiting operators and whether they will 
serve on a paid or voluntary basis. 
m) A positive statement of the applicant's 

ability to silence its units upon order of the 
regional defense commander. This entails es-
tablishing proof of close and continuous con-
tact with the district control center and of 
arrangements for the immediate relaying of 
any such signals. The very nature of district 
organization permits an easy answer to this 
requirement, of course. 
Carbon copies of all parts of the applica-

tions should be kept in the radio aide's files, 
so that he will be able to refer accurately to 
any part of the application which subsequently 
might be questioned by FCC. 
Sample forms of agreements which may be 

adapted to the needs of the particular commu-
nity are shown on this page. The first is the 
agreement executed between the amateur and 
the city when the former lends the city his 
equipment for the duration, and should be in 
duplicate. The second is the inter-municipal 
agreement for the license application under 
district organization, as adapted from the 
form used in the State of Massachusetts. 

AGREEMENT 
  , residing at 

in the city of 

being the unconditional owner of the radio equipment de-
scribed in detail below, do hereby convey all my right, title 
and interest to such equipment to the City of Berkfield, 
Faryland, for use solely in the War Emergency Radio 
Service; PROVIDED THAT it shall be returned to me by 
the City at the end of the present war. 

List of Equipment: 

Dated this   day of  
 , 194..... 

(Signed)  
Witnessed by •  

By its signed acceptance of this document the City of 
Berkfield acknowledges receipt of the equipment in good 
condition and pledges that at the end of the present war it 
will be returned to the above-named individual, his heirs 
or assigns, the City releasing all claims, right, title and in-
terest thereto. 
Accepted this  day of 

  194  
City of Berkfield, Faryland. 

By   
SEAL 

WAR EMERGENCY RADIO SERVICE 
INTER-MUNICIPAL AGREEMENT 

IT IS AGREED THAT the City of  
hereinafter known as the licensee, will apply to the Federal 
Communications Commission for permission to construct 
and operate radio stations in the War Emergency Radio 
Service in the area known as 

AND THAT the City of  
hereinafter known as the sub-licensee, lies within said area 
and wishes to participate in a single War Emergency Radio 
Service network serving that area; 

IT IS HEREBY AGREED by both parties: 

THAT all radio equipment installed by the sub-licensee for 
the above purpose shall be under the direction and control 
of the licensee; 

AND THAT the Radio Aide agreed upon by the licensee 
shall administer the operation of and be responsible to the 
licensee for all equipment in said network 

AND THAT during the existence of this agreement, the 
sub-licensee will not request individual authority for a War 
Emergency Radio Service station license; 

AND THAT this agreement may be terminated at will by 
either of the parties concerned but that notification shall be 
given to the Federal Communications Commission sixty 
days prior to the termination of this agreement by either 
of the parties  

IN WITNESS WHEREOF, we hereunto set our hands this 
 day of ...... .... . .. 19 . 
The City of The City of  
By By 
Title   Title   
State of   
County of   

SUBSCRIBED and sworn to before me this  
day of 19 

Notary Public  
My commission exiMes   

41, State Guard Stations 

Reference to the regulations at the end of 
this chapter will indicate that much that has 
been said in the previous section concerning 
civilian defense stations applies also to state 
guard stations, but is presented from a civilian 
defense standpoint because specific information 
on state guard organization is lacking. This, 
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of course, is because a state guard is a semi-
military organization, and therefore many of its 
functions are not public information. 

In state guard work the "communications 
officer" performs the same function for the 
state guard licensee that the radio aide per-
forms for the civilian defense licensee, and 
applications are executed on the same three 
forms with practically the same set of sup-
plementary statements necessary. One of the 
chief differences is that the license is issued 
to the state guard of an entire state, and must 
be signed by the commanding officer for that 
state. The original license contains authoriza-
tion only for those units of the state guard 
which are prepared to take part in SG-WERS 
communication. Additional units can be in-
cluded in the license later only by modification 
of the station license. The fact that an individ-
ual is a member of a state guard organization 
which is licensed for SG-WERS does not auto-
matically authorize him to operate station 
units of that licensee simply at the command 
of his commanding officer. He must possess the 
necessary eligibility for a WERS operator's 
permit and must apply for such a permit on 
FCC Form 457, which form must be signed by 
the communications officer of Me licensee and 
not by the communications officer of a local 
state guard unit; however, other authority to 
supervise the operation of local units may be 
delegated to local communications officers by 
the state communications officer. 

All SG-WERS license applications must be 
forwarded through the Army Service Com-
mand of the area in which the state is included. 
After approval, the application is forwarded 
to FCC and the license issued if the application 
is found to be in order. 
Note that the scope of service of state guard 

stations differs slightly from that allowed 
civilian defense stations, and that tests are 
allowed at any time of the day or night pro-
vided that such tests do not exceed four hours 
per week. Amateurs desiring more details of 
this service should communicate with the com-
munications officer at the headquarters of 
their local state guard unit. 

IL Civil Air Patrol Stations 

Civil Air Patrol stations come under the 
same general rules and regulations as civilian 
defense and State Guard stations, and many of 
the specific rules for CAP-WERS stations are 
similar to those for CD- and SG-WERS. 
CAP-WERS licenses are issued only to the 

duly appointed wing commanders of the Civil 
Air Patrol. A wing of the CAP usually covers 
an entire state, and under the wing commander 
is a wing communications officer similar to the 
radio aide in CD-WERS, who has the duties of 
preparing the license application and super-
vising the operation of all units of the wing. 
A wing is subdivided into "groups" and 
"squadrons," each of which has its command-
ing officer and its communications officer. 

Some wings, in particular those of the smaller 
states, have omitted the group organization 
and have only squadron units under the wing. 
CAP-WERS organization goes from squad-

ron to group to wing. A squadron of the CAP 
which wishes to participate in CAP-WERS 
should have application data prepared by its 
communications officer. These data then are 
approved by the squadron commander and for-
warded to group headquarters. The group com-
munications officer collects all such data, has 
them approved by the group commander, and 
forwards them to wing headquarters. The wing 
communications officer then prepares the li-
cense application much as the radio aide pre-
pares a CD-WERS application. This applica-
tion, when completed, must be signed by the 
wing commander, who is the licensee, and for-
warded to the national headquarters of CAP. 
There it is perused by the national communica-
tions officer, sent back to the wing for correc-
tion if necessary, and finally forwarded to FCC 
for issuance of the license. 
Note that, as in both other WERS cate-

gories, individuals who operate CAP-WERS 
units are in no way relieved from the necessity 
of possessing a WERS operator's permit. There 
is no limit to the amount of testing which can 
be conducted by CAP-WERS licensees, except 
that it shall not exceed the minimum neces-
sary to ensure the availability of reliable com-
munications. Amateurs interested in this serv-
ice should get in touch with their local CAP 
squadron communications officer, or with the 
national CAP communications officer at CAP 
national headquarters, Washington, D. C. 

(1. Equipment 
In the WERS regulations, power input to 

the transmitter r.f. output stage is limited to 25 
watts or less, and the frequency bands avail-
able are each divided into two sections hav-
ing differing frequency tolerances. The carrier 
frequency tolerance is set at 0.1 per cent in the 
lower half of the band and at 0.3 per cent in the • 
upper half. With the possible exception of a 
few localities, where some 224-Mc, equipment 
may be available, all WERS communication 
is carried on in the 112-Me, band because it is 
possible to operate with standard receiving 
tubes and ordinary circuit components at 
these frequencies. Only 112-Me, equipment is 
discussed in this chapter, therefore. 

In addition to the transmitters and receivers 
necessary for actual communication, provision 
must be made for frequency measurement. 
This is not necessary at every station, since it 
can be taken care of by the main station at each 
subcontrol center. 

Measurements on representative types of 
amateur 112-Mc, equipment have shown that 
the stability requirement of 0.1 per cent can be 
readily met by any reasonably well-built oscil-
lator-type transmitter, adjusted to frequency 
and thereafter left with its tuning controls un-
touched during an operating period. If the 
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transmitter can be crystal-controlled, so much 
the better, but crystal control is not at all a 
necessity. However, as an operating con-
venience crystal control is quite desirable, 
particularly at control stations, since two or 
more frequencies can be made available in the 
same transmitter simply by providing the 
necessary crystals and a switch. It should be 
possible to use any of the frequencies, provided 
the maximum frequency separation is not 
more than 2 Mc. or so, without touching the 
tuning 'controls. If a crystal-controlled trans-
mitter is not available, it is desirable to provide 
separate transmitters for each frequeney to 
be used, if the amount of apparatus on hand 
permits. With only one transmitter there exists 
the important practical difficulty of returning 
to exactly the same frequency each time a 
shift is made. 
Each subcontrol center should have one 

receiver which can be used for continuous 
monitoring of the district warning center con-
trol station. This is a necessity as a means 
of securing immediate radio silence when so 
ordered by the Army. A second receiver should 
be available for communication within the 
local network. Although it is desirable, as a 
rule, to have separate transmitters and receiv-
ers rather than transceivers at the control 
station, the second receiver in the control sta-
tion may be in a transceiver which is used, in 
the " transmit " position, as the transmitter for 
communication with the sector wardens. 

RECEIVER 

MODULATOR UNIT 

BATTERY POWER SUPPLY 

6v BATS 
A C.POWER SUPPLY 

115 V.A C. 

Cable 
Socket 
Female 

METER UNIT 

One transmitter and one receiver (the two 
may be combined in a transceiver) should 
suffice for the sector wardens' stations (field 
stations). If a separate frequency channel is 
maintained for portable-mobile apparatus it 
will be necessary for the operators of the sector 
stations to monitor both this frequency and 
that on which they are to communicate with 
the subcontrol center. In many ways a trans-
ceiver, with its automatic tuning of both trans-
mitter and receiver to the same frequency, will 
be simpler to operate in this type of service 
than separate transmitter and receiver units, 
unless two transmitters can be made avail-
able to take care of both frequencies. Where 
a transceiver is used, the two tuning spots 
should be plainly marked on the dial. In many 
networks both functions can be carried out on 
one frequency, thus simplifying operation. 

Mobile apparatus, which is required to work 
only on one frequency, can be of almost any 
type, either a transceiver or separate trans-
mitter and receiver units. 

Transceivers, particularly the dry-battery-
operated units, cannot be depended upon to 
maintain carrier stability within the 0.1 per, 
cent necessary to meet the requirements for 
operation in the low-frequency half of the 
band. The more powerful transceivers, for 
operation on a.c. or from storage-battery sup-
ply, are fairly stable as transmitters, but if the 
receiver has to be tuned to two or more fre-
quencies the unavoidable inaccuracies in re-

setting the dial pre-
clude the possibility 
that the frequency can 
be reliably maintained 
within 0.1 per cent. It 
is better to confine the 
use of transceivers to 
the high-frequency half 
of the band; the aver-
age unit of this type is 
readily capable of 
meeting the require-
ment of 0.3 per cent. 

It should hardly need 

TRANSMITTER 

saying that all equip-
ment must be capable of 
operating from sources 
of power supply inde-
pendent of the a.c. 
mains, and must in fact 
have such power supply 

Fig. 1604— Interconnection and switching system for 
various units of the emergency station. Connections are 
made by means of cables provided with a plug at one 
end and a socket at the other. Four conductors are re-
quired in the cables; to minimize filament voltage drop, 
the type of cable having two heavy conductors should be 
used. Alternatively, pairs of wires in an ordinary six. 
wire cable can be connected in parallel to lower the re-
sistance. It is convenient to make the cables about three 
feet long. The switch in the battery power-supply unit 
makes it possible to keep the tube filaments hot when 
the station is not required to be on the air, saving the 
battery power normally consumed in the vibrator unit. 
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Fig. 1605 — A stable 112-Mc. transmitter. The oscil-
lator is built in a small metal box, with only the tube, 
power plug and antenna posts on the outside. The small 
hole on the top beside the tube is for adjustment of the 
excitation condenser. The grommeted hole on the left 
side is for screw-driver adjustment of the tank condenser. 

available. It is not likely that a.c. power would 
remain on tap throughout an emergency. 
Nevertheless, the emergency power can be 
conserved for the time when it is needed if the 
stations are capable of operating from either 
a.c. or emergency power supplies. It is helpful 
therefore to equip the fixed stations with al-
ternative power supplies. Various types of 
emergency power-supply systems are consid-
ered later in this chapter. 

Since many radio components now are un-
obtainable, the apparatus designs in this chap-
ter should, in the majority of cases, be con-
sidered as a source of circuit and constructional 
ideas rather than as items to be duplicated. 
Fortunately 112-Mc, equipment suitable for 
WERS work is quite simple, and it is readily 
possible to adapt an idea used in one piece of 
equipment to a different circuit layout. In 
view of the nature of the service, it is well to 
keep in mind a few general principles: 

1) The apparatus must be simple to operate. 
Much of the actual operation must be done by 
those who have never built radio equipment 
or operated anything more complicated than a 
broadcast receiver. The number of controls 
should be reduced to the minimum necessary 
to perform the operating functions. There is no 
necessity, for instance, for using tuning dials 
on a transmitter intended to be operated on a 
fixed frequency. If such apparatus can be 
enclosed so that only the on-off and change-
over controls are accessible, there is that much 
less chance that the equipment will be mis-
adjusted accidentally or otherwise. 

2) Keep in mind the possibility that re-
placement of some components may be neces-
sary. If, for example, a choice of tubes exists, 
take the type which has the best chance of 
being available at short notice, even though 
it may not actually be the best type for the 
purpose. Stick to the more popular types of 
tubes used in broadcast receivers and follow 
the same policy with respect to other com-
ponents, such as filter and by-pass condensers 
which may eventually require replacement. 

3) Build the equipment, including the 
power supply, so that it can be moved to a 
new location without difficulty and can be set 
up for operation again with a minimum of de-
lay. While this does not mean that "suitcase" 
construction is necessary, it does call for con-
struction of a type which will stand the knocks 
and jars of transportation. It also means that 
it is a good idea to enclose the equipment so 
that wiring cannot be damaged or projecting 
components knocked loose. 

4) Insofar as equipment permits use uniform 
control methods for all installations, so that an 
operator who fills in at a station to which he 
is not normally assigned can work effectively 
with a minimum of special instruction. 

5) Standardize on a system of making con-
nections, particularly between the power sup-
ply and the r.f. and audio parts of the assembly, 
so that interchangeable units can be substi-
tuted in case of failure. Remember that it may 
be necessary to assemble a station in a hurry 
at a point not previously equipped. Do not 
neglect such apparently minor considerations 

6V6GT 

6.3V. 

Fig. 1606 —Stable 112-Mc, transmitter circuit diagram. 

Ci — 100 eipfd. per section (Hammarlund MCD-100-S 
or Millen 24100). 

C2 - 3-30-,pfd. padder (National M-30, Millen 28030, 
Hammarlund MEX, etc.). 

C3— 50-µpfd. midget mica. 
C4 - 250-mpfd. midget mica. 
RI —15,000 ohms, .-watt. 
1.4 — See Fig. 1608. 
RFC — 1%-inch winding of No. 28 d.s.c. on 3d-inch 

polystyrene rod, no spacing between turns. 
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Fig. 1607— Looking into the 112-Mc, transmitter from 
the antenna-terminal side. The grid choke is in the upper 
left corner, with its "hot" end supported by a small 
ceramic stand-off insulator. The plate choke is partly 
visible in the lower right corner; it is mounted endwise, 
also on a ceramic stand-off insulator. The one-turn an-
tenna coil may be seen mounted on the antenna termi-
nals on the side plate, shown here removed from the box. 

as connections for microphones and headsets. 
With the possibility of using two or three 
different kinds of plugs and jacks, or even pin 
jacks, it would be well to standardize on one 
type at the outset, so that any microphone or 
headset will fit any transmitter or receiver. 
A standardized connection scheme is sug-

gested in Fig. 1604. Its application to an 
equipment assembly consisting of separate 
units — transmitter (oscillator), modulator, 
receiver, a.c. power supply, storage battery 
power supply — is indicated. Provision is made 
for a unit containing a 0-100 ma. d.c. milliam-
meter for testing and measuring purposes, so 
that a single instrument can be made to serve 
for a number of stations. In cases where the 
transmitter and modulator, for instance, are 
combined in one unit, the general scheme of 
connections readily can be carried out. Thus, if 
all power-supply units in the system are ar-
ranged to have the same output connections 
and the same output voltage ratings, within 
reasonable limits, any one of the units avail-
able can be used at any station in the network. 
The system is based on the use of four-con-

ductor cables, with four-prong sockets and plugs 
for quick and positive interconnection. Each 
cable has a plug at one end and a socket at the 
other. In the event that suitable cable-type 
connectors are not available, ordinary four-
prong sockets and old tube bases readily can 
be adapted to the purpose. On the various 
units of the station, a socket (female) is 
used for outgoing power and a plug (male) for 
incoming power; thus there is no danger of 
shock nor any possibility of making wrong 
connections. Suggested cable plug and socket 
prong connections are indicated on the diagram. 

When the equipment is built on the unit 
plan a cable runs from the power supply to 
the modulator, where the d.c. power is dis-
tributed to the transmitter and receiver. The 
modulator is provided with two outgoing 
sockets; the "B"+ lead to the transmitter 
socket picks up the modulator audio output 
and carries it along with the d.c. to the trans-
mitter when the cable is attached. On the 
receiver side, the fourth prong is used to 
provide duplicate send-receive switching at 
both modulator and receiver. The connections 
to the single-pole double-throw switches are 
shown in the appropriate units. With either 
switch in the "receive" position, the other 
may be used to switch the plate power back 
and forth. The cables simply carry through 
connections from plug prongs to corresponding 
socket prongs; all the cables are identical. 
A switch should be provided in the modu-

lator unit for the purpose of cutting off the 
microphone battery when the transmitter is 
not in use. 
The meter unit has a plug and a short 

cable with a socket connector at its end. 
This unit is useful, although not essential, 
in regular operation, and is needed for initial 
transmitter checking and adjustment. By its 
use metering facilities are made available 
quickly and simply, yet the meter itself is 
not tied up permanently in the equipment. 
The same connection scheme can be used in 

a mobile installation, with the addition of suit-
able control and extension wiring to fit in-
dividual layouts. This will facilitate removal 
or installation of the equipment, or any part 
of it, when necessary. The basic wiring, an-
tennas, etc., can be permanently installed in 

••••11i  2" 

Fig. 1608 — Tank-inductance construction. This lay-
out drawing is full-size and may be used as a template. 
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Fig. 1609 — Inside the oscillator unit. The tube socket 
is placed so that the plate prong is directly above the 
left-hand tank condenser stator terminal, making an 
extremely short plate connection. The grid condenser 
connects the grid prong and right-hand stator terminal. 

the car, spare cables being provided for ex-
ternal use of the apparatus. 
The unit plan illustrated by Fig. 1604 has a 

number of advantages. Should a particular 
unit develop trouble in operation, a spare can 
be substituted with negligible loss of time and 
the defective unit may be serviced without 
interrupting communication. Extra units can 
be built in anticipation of such a contingency 
with a probable saving in time, effort and 
components as compared to the alternative of 
providing a spare transmitter-modulator or 
complete transmitter-receiver, since with this 
system a few spare units should take care of 
the replacement requirements of a fair-sized 
network; it is unlikely that all parts of a 
station would fail simultaneously. One draw-
back is that it is somewhat more inconvenient 
to set up a multi-unit system than to place one 
integral station in operation, and a second is 
that it involves close coordination in design — 
possible when materials can be secured readily, 
but having its difficulties under present condi-
tions. Nevertheless, the standardized connec-
tion idea can be applied with distinct benefits. 
The actual details can be based on the require-
ments of a particular network and the use of 
materials on hand. 

41. Unit-Style Transmitter and Modulators 

The 112-Mc, oscillator shown in Fig. 1605 
is designed to minimize frequency modulation, 
and to that end is constructed around a high-
C tank circuit of somewhat unconventional de-
sign. Reduction of frequency modulation is a 
step toward minimizing interference, since fre-
quency modulation broadens the signal. The 

circuit requires a minimum of parts, although 
the tank condenser, C1, may be difficult to 
obtain except from salvage stock. 
The tank circuit consists of the balanced 

condenser, C1, and the U-shaped metal piece 
whose dimensions are given in Fig. 1608. This 
"coil" is designed to have as much surface area 
as possible, thereby reducing resistance and 
losses, and also to provide the lowest possible 
contact resistance where it connects to the 
condenser. The ends of the U-shaped induct-
ance fit under the stator-plate assemblies, 
which in the types of condensers specified are 
provided with flat holding plates to which the 
individual condenser plates are soldered. The 
slots in the ends of the U allow the inductance 
to be slid in and out to adjust the L/C ratio 
over a small range. To assemble the tank circuit 
the condenser must be dismounted from the 
base, and washers about the same thickness as 
the metal of the tank coil must be inserted 
between the base and the rotor supports. 
This raises the rotor to correspond to the in-
creased height of the stators. It is not difficult 
to replace the stators so that the plate spacing 
is uniform. If the inductance is made exactly 
as specified, the slotted ends should come 
within about 1/16th inch of the far side of the 
base to give the proper frequency range. 
The inductance shown in the photographs 

was cut from a small piece of scrap sheet copper 
somewhat less than 1/16th inch thick. Alumi-
num also works well. The metal should have 
low resistance, although its thickness is of no 
importance except for mechanical stiffness. 
The oscillator is assembled in a 3 X 4 X 5-

inch metal box as shown in Figs. 1607 and 
1609. The various views should make the 
construction obvious. Chief considerations are 
to keep the grid and plate leads short, to which 
end the tube socket is mounted directly above 
the plate section of the tank condenser, with 

Fig. 1610 —The Class-B modulator unit. The output 
transformer is at the left, the driver transformer at the 
right. Controls along the front are send-receive switch, 
'phone-c.w. switch, key jack, microphone battery switch, 
and gain control. The microphone jack is on the right. 
hand edge, around the corner from the gain control. 
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Fig. 1611— Circuit diagram of the Class-B modulator unit used in connection with the 112-Mc. WEBS transmitter. 
Ci — 10-dd. 50-volt electrolytic. T2 — Class-B driver transformer, Ji — Open-circuit jack. 
Ri — 0.5-megohm volume control. (UTC S8 or equivalent). J2 .— Closed-circuit jack. 
P2 — 2000 ohms, 1-watt. Ta — Class-B output transformer, 
Ti — Single-button microphone-to- 6N7 to 5000-6000 ohms 

grid transformer (Stancor (Thordarson T-19M13 or 
A-4706 or equivalent). equivalent). 

the latter just far enough below the plate prong 
to allow room for soldering a connection; and 
to keep the tank inductance as near the center 
of the box as possible so its flat sides will be 
well spaced from the steel' side plates of the 
box. This spacing is accomplished by mounting 
the condenser on a 1-inch ceramic pillar fas-
tened by a machine screw at the center hole in 
the base. The other end of the pillar is fastened 
to the side of the case. On the same side directly 
below is the r.f. output terminal assembly. The 
antenna pick-up coil is a 1-inch diameter single 
turn of No. 14 wire covered with spaghetti 
tubing. The antenna coupling is adjusted by 

Si — S.p.s.t. toggle switch. 
S2 — 4-p. d.t. rotary switch (Yaxley 

3242J or equivalent). 
— S.p.d.t. toggle switch. 

bending the supporting leads for the pick-up 
coil to bring the turn closer to or farther away 
from the tank inductance. The coupling is ordi-
narily rather close, physically, because of the 
peculiar shape of the field about a tank induc-
tance of this construction. 
The tank condenser is screwdriver-adjusted, 

a slot being sawed in the end of the shaft. The 
rotor shaft of the condenser cannot be grounded 
since the circuit is not actually balanced; 
grounding the rotor changes the excitation 
and reduces the output to negligible propor-
tions. The capacity between the rotor and the 
case also should be kept as low as possible. 

Fig. 1612 — Underneath the mod-
ulator chassis. The microphone 
transformer is mounted on the 
chassis edge alongside the micro-
phone jack. The power plug and 
the two outgoing power sockets 
for the transmitter and receiver 
are mounted on the rear edge of 
the chassis (bottom edge in this 
view). A terminal strip for con-
necting an external microphone 
battery is located on the left-hand 
edge. The flashlight cell micro-
phone battery is held in place by 
a metal strip; the cells are pro-
tected from accidental short-cir-
cuit by a piece of thin fiber or 
cardboard which is bent in the 
shape of a 1.1 to cover the terminals. 

• 
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The plate voltage is fed to the tank circuit 

near the center of the U. The lead from the 
cathode to ground should be as short as possible 
and made of heavy wire, likewise the lead from 
the grounded filament pin. The same connec-
tion may be used for both, and also for the 
No. 1 pin. The excitation condenser, C2, should 
be mounted so as to keep it as far as possible 
from the plate section of the tank condenser. 

Oscillator adjustment — The adjustments 
to be made are to determine whether the fre-
quency range is correct and to set the output 
coupling and excitation for maximum stability 
and output. The tank inductance will be prop-
erly adjusted when it is set (by sliding the ends 
in and mkt under the stator-plate assemblies) so 
that with the condenser at maximum capacity 
the frequency is between 111 and 112 megacy-
cles. The frequency may be measured by using 
Lecher wires. The output may be judged by 
connecting a dial light (150-ma. size or larger) 
to the output terminals, whereupon .varying 
the coupling and adjusting C2 will readily show 
the optimum settings. The stability is more dif-
ficult to check unless a 112-Mc. superhetero-
dyne receiver is available. However, the maxi-
mum stability is obtained when the capacity of 
C2 is set at the largest value which will give 
good output, and it is advisable to adjust C2 by 
first increasing its capacity to the point where 
the output drops off and then decreasing it just 
to the point where the output comes back to 
normal. As the capacity is decreased still more 
the output should decrease somewhat. 
With normal, operation the plate current, 

with load, should be between 50 and 60 ma. The 
exact value will vary somewhat with individ-
ual tubes, and if it tends to be outside these 
limits it may be regulated by using a slightly 
different value of grid leak, larger values giving 
less plate *current and vice versa. The current 
will drop a few ma. when the load is removed. 
To adjust the coupling for working into a 

600-ohm line, a 1-watt resistor of 500 or 600 
ohms may be used as a load. To indicate cur-
rent through the resistor a 60-ma, dial light 
may be connected in series with it. A 150-ma. 
lamp also may be used, but is a less convenient 
indicator since it glows only dimly. The cou-
pling should be adjusted for maximum current. 

Fig. 1613 — Alternative microphone input circuit for 
eliminating the tone-modulation feature incorporated 
in the modulator circuits of Figs. 1611 and 1615. Circuit 
'values correspond to those given in Figs. 1611 and 1615. 

Fig. 1614 — A Class-A 6L6 choke-coupled modulator, 
using a minimum of transformers. The controls along 
the front are, left to right, the send-receive switch, 
'phone-c.w. we itch, key jack, microphone battery switch, 
and gain control. Terminals for external microphone 
battery are on the left edge. The microphone jack, not 
visible, is mounted on the right-hand edge of the chassis. 

Class-B modulator — Except for the provi-
sion for modulated c.w. operation, which may 
be omitted by substituting the alternative in-
put circuit of Fig. 1613, the modulator is a 
conventional Class-B arrangement, using a 
6N7 driven by a 6J5. Class-B is used because 
of its higher plate efficiency and relatively low 
idling plate current. The oscillator load will 
be between 5000 and 6000 ohms, depending 
upon the plate current, and it will be sufficient 
to take the nearest value furnished by the 
output transformer, using a plate-to-plate load 
of 8000 ohms for the 6N7. There is ample gain 
with the single speech amplifier stage for 
ordinary single-button microphones operated 
from a 3-volt battery. 
Power input and output connections conform 

to the standards previously described. To give 
tone modulation for code transmission, the 
speech amplifier tube is made to oscillate by 
connecting the primary of the 'microphone 
transformer as a tickler in series with the plate 
circuit. A four-pole double-throw switch is 
necessary to change from 'phone to c.w., two 
poles being used to transfer the primary of T1, 
a third to close the plate circuit for 'phone, 
and the fourth to disconnect the cathode 
condenser for tone modulation. This last is 
essential for good keying (the speech amplifier 
tube is keyed in the cathode circuit). The c.w. 
tone pitch depends upon the value of the 
cathode resistor and the volume control setting, 
but with several microphone transformers 
tested falls in the optimum region (500-1000 
cycles) with a 2000-ohm cathode resistor. 
A separate switch is provided to open the 

microphone battery circuit whenever desired. 
The battery would normally be left on while 
receiving when communication is being carried 
on, but during stand-by periods it would be 
desirable to switch off the microphone current 
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Fig. 1615—Circuit 
diagram of the alter-
native choke-coupled 
6L6 Class-A modulator. 
Ca —10 -add. 50-volt 

electrolytic. 
C2 — 0.01-pfd. paper. 
RI — 0.5-megohm vol-

ume control. 
R2— 1500 ohms, 1-watt. 
Ra — 50,000 ohms, 1-watt. 
R4 0.25 megohm, 4 watt. • 
Ra — 500 ohms, 1-watt. 
— 10-15-henry 100-ma. filter choke 

(Stancor C-2303 or equivalent). 
Ji — Open-circuit jack. 
Ja — Closed-circuit jack. 
Si — S.p.s.t. toggle switch. 
Sa —  4-pole double-throw rotary switch. 
Sa — S.p.d.t. toggle switch. 
Ti — Single-button microphone-to-grid transformer 

(Stancor A-4706 or equivalent). 

JI 

Cw 

to prolong battery life. The same effect can 
be secured by pulling the microphone plug out 
of the jack, but the switch is more convenient. 
A battery of two flashlight cells connected in 
series is made a permanent part of the unit, 
since there is sufficient mounting room under-
neath the chassis, but additional terminals are 
provided for an external battery should the 
internal one wear out during an emergency. 
To use an external battery it is necessary to 
disconnect one of the leads to the self-contained 
battery unit. 
The microphone jack is mounted on the side 

of the chassis, so the microphone plug and cord 
will be out of the way of the controls on the 
front. The key jack is on the front. Since the 
modulator unit is small (the chassis is 5 X 7 
X 2 inches) the send-receive switch is placed 
at the end, where it is easiest to handle. 
The plate current taken by the modulator 

and speech amplifier tubes is in the vicinity . of 
35 ma. with no excitation. When the r.f. 
oscillator is added, the current drain is just 

Fig. 1616—Underneath view of the 6J5-6L6 Class-A modulator 
unit. Parts are placed wherever found most convenient in wiring. 
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under 100 ma. With 100 per cent voice modu-
lation, the maximum current is 110 to 115 ma. 

Class-A modulator —While the Class-B 
type of modulator is to be preferred because 
of its higher audio-frequency power output 
for a given plate power input, Class-B trans-
formers are practically unobtainable at the 
present time. Therefore, unless suitable trans-
formers can be salvaged from old equipment, 
the probability is that a Class-A modulator 
will have to be used. Such a modulator, using 
a 6L6 with a preceding 6J5 as a speech am-
plifier, is shown in Fig. 1614. Provision for tone 
modulation also is incorporated in this unit, 
and again may be omitted by using the alterna-
tive speech amplifier connections of Fig. 1613. 
Any filter choke capable of maintaining an 

inductance of 10 henrys or more with 100 ma. 
d.c. through its winding will serve as a cou-
pling choke for the modulator. The higher the 
inductance the better the low-frequency re-
sponse, but since " quality" is not a considera-
tion so long as completely understandable 

speech is transmitted it is unneces-
sary to use higher inductance than is 
found in the ordinary 100-ma. choke. 
To keep the total modulator plate 

current down to 40 or 45 ma. and thus 
avoid overloading the vibrator power 
supply (which delivers 100 ma. at 300 
volts) when the modulator and r.f. 
oscillator are operated simultaneously, 
the cathode resistor is higher than is 
normal for a Class-A 6L6 at this plate 
voltage. 
The plate-voltage switching and 

the input and output socket and plug 
arrangement are identical with the 
Class-B unit already described. 

Controls and power-supply outlets 
are arranged similarly to the controls 
on the Class-B modulator. The Chassis 
is the same size, 5 X 7 X 2 inches. 
There are no especially critical points 
involved in wiring, and practically 
any parts layout will be satisfactory. 
The two-cell microphone battery is 
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held in place by a bracket fitting around the 
battery, fastened to the chassis by the machine 
screws which mount the choke. 

Superregenerafive Receivers 

By far the simplest type of receiver for very 
high-frequencies is the superregenerator, long a 
favorite in amateur work. It provides good 
sensitivity with a small number of tubes and 
very elementary circuits. Its disadvantages are 
lack of selectivity and the fact that, since the 
detector is an oscillator coupled to an antenna, 
it will radiate a signal which may cause inter-
ference to other receivers. To some extent the 
lack of selectivity is advantageous, since it in-
creases the chances of hearing a call even 
though the transmitter and receiver may have 
drifted somewhat in frequency since the last 
contact was established. The radiation ques-
tion is more serious. The avenue of approach 
in the reduction of radiation is to use every 
means possible, in the way of building as good 
an oscillator circuit as the circumstances will 
permit, to operate the detector at the lowest 
plate voltage that will give satisfactory opera-
tion. A means of providing regeneration con-
trol is therefore essential in any simple super-
regenerative receiver. Should existing equip-
ment not have such a control, it is urged that 
one be installed. 
The receivers to be described have been de-

signed to use the commoner types of receiving 
tubes. An on-off switch for controlling the 
transmitter by the standardized connection 
system described earlier (Fig. 1604) is included 
in each unit. Both receivers are designed to op-
erate from a 300-volt power supply, a dropping 
resistor being included for that purpose. They 
will also work well with lower-voltage supplies. 
A simple superregenerative receiver is 

shown in Figs. 1617 to 1620. As shown in the 
wiring diagram, Fig. 1619, a 6J5 superregenera-
tive detector is followed by resistance-coupled 
6J5 and 6F6 audio stages. The circuit is fairly 
conventional except for the inductive tuning 
of the detector and possibly the use of resist-
ance coupling throughout. 
The receiver is built in a 3 X 4 X 5-inch 

metal box, with a 3 X 4-inch face serving as 
the panel. The panel controls are the tuning 
knob and the regeneration control, and the 
headphone jack is also mounted on the panel. 
The power cable plug is mounted at the rear 
of the box, as are 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 fas-

tened to the upper face of the box and can be 
adjusted from the top of the receiver. The 
quench-frequency r.f. choke, RFC2, is sup-
ported off 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. The r.f. choke is essential be-
cause the resistance-coupled amplifiers show 
but slight attenuation of the quench frequency, 

Fig. 1617 — The compact 112-Mc, receiver is built in 
a 3 X 4 X 5-inch metal box. Note the detector trim-
ming condenser adjustment to the right of the 6J5 detec-
tor (front tube). The tuning control, headphone jack 
and regeneration control are on the front panel, the 
on-off switch and antenna binding posts on the side. 

and the quench voltage will overload the out-
put audio tube at rather low signal levels. 
When transformer coupling is used between the 
detector and first audio stage the transformer 
keeps most of the quench voltage out of the 
following stages and consequently the quench-
frequency choke is not always necessary. 
The wiring of the unit requires only brief 

mention. A soldering lug at each socket fur-
nishes a convenient ground for the components 
of that stage. All condensers and resistors are 
mounted by fastening directly to the sockets 
and other terminals, with the exception of the 
coupling condenser, C2, one side of which must 
be run down to the headphone jack through an 
extra length of wire. The wires running to the 
toggle switch should be made of extra-length 
flexible wire so that the side of the box can be 
removed without unsoldering the wires to the 
switch. All wiring should be completed before 
L1 and L2 are put in place. 
The detector coil is made by winding the 

wire around a 3'2-inch diameter drill or dowel as 
a former. The coil is then removed and the ends 
trimmed and bent until the coil can be soldered 
in place in proper alignment with the panel 
bushing used to support the tuning loop shaft. 
The plate lead of the tube socket is connected 
to the rotor of the trimmer condenser by means 
of a short length of wire, and the coil L1 is con-
nected to the center of this wire and to the 
stator connection of the condenser. A length of 
Winch shaft pushed through the shaft bearing 
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will serve as a guide in soldering the coil in 
place, and the axis of the coil should make an 
angle of 45 degrees with the shaft. 
The inductive tuning loop is a small copper 

washer cemented to the end of a 34.-inch shaft 
of insulating material (Lucite or bakelite). The 
end of the shaft is cut at an angle of 45 degrees 
to mount the washer at 45 degrees with respect 
to the axis of the shaft and, consequently, 180-
degree rotation of the shaft turns the copper 
washer from a position coaxial with the coil to 
one at right angles to it. The copper washer, 
acting as a single shorted turn, decreases the 
effective inductance of the coil as it becomes 

big. 1619 — Circuit dia-
gram of the compact 112-
Mc. superregen receiver. 

Ci — 25-ppfd. air trimmer 
(Hammarlund 
APC-25). 

C2— 50-,pfd. midget mica. 
C3, Cl, —0.01-pfd. 600. 

volt paper. 
GS, C7 — 10-efd. 25-volt 

electrolytic. 
Cs 8-pfd. 450-volt elec-

trolytic. 
Ri — 5 megohms, ),¡ watt. 
Ri -25,000 ohms, ),4 watt. 
Ra 0.25 megohms, 4 watt. 
R4 — 1500 ohms, )4 watt. 
Rr — 50,000-ohms wire-wound potentiometer. 
116, R7 — 50,000 ohms, 1 watt. 
Rs —0.1 megohms, Y¡ watt. 
— 500 ohms, 1 watt. 

Rio — 2000 ohms, 10-watt wire-wound. (See text.) 
— Closed-circuit jack. 

Si — S.p.d.t. toggle. 
Li—iVi turns No. 14 e., Vi-inch inside diameter, 

spaced wire diameter. 

dateana. 
Lz 

13 

6J5 

j1C3 

R F R FC2 R2.  

R5 

Fig. 1618 — Inside 
the small receiver, 
this left-hand view 
shows how the tun-
ing-loop assembly and 
the send-receive 
switch are mounted 
on one of the side 
panels, together with 
the placement - of 
some of the parts not 
visible in the other 
views. The power-
supply plug and the 
loudspeaker binding 
posts may be seen at 
the rear of the chassis. 

more closely coupled and consequently tunes 
the system. The copper washer is made by 
drilling a %-inch hole in a small piece of 
sheet copper and then cutting around the 
bole to form a washer of 7/16-inch outside di-
ameter. The washer is fastened to the angled 
face of the shaft by Duco cement. Because the 
copper washer is larger than the shaft, the 
shaft must be pushed through the panel bear-
ing from the inside of the box, but this can be 
done easily by loosening the panel bearing 
while sliding the shaft through. A fiber washer 
should be placed on the shaft before it is pushed 
through the panel bearing, and later cemented 

6J5 6F6 

C5 

7à Heaters 

Speaker, 
— 0 

34. turn No. 14 e., )4-inch inside diameter. 
1.3 — Tuning loop. See text. 
RFC1— V.h.f. choke (Ohmite Z-1). 
RFC3— 80-mh. r.f. choke (Meissner 19-2709). 
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to the shaft to serve as a collar to 
prevent the shaft's pulling through 
the bearing. 

It is easier to check the perform-
ance of the receiver before the tuning 
loop is added, and with the large 
trimmer condenser used there should 
be no difficulty in finding the 112-
Mc. band. The trimmer will be set 
at about two-thirds capacity if the 
coil is right. The detector should go 
into the hiss condition when the re-
generation control is advanced not 
more than two-thirds of its travel. It 
is well to try different values of ca-
pacity at C3, using the one which al-
lows the detector to be worked at the 
minimum setting of the regeneration 
control without by-passing too much 
of the audio. 
When the receiver is working and 

the tuning loop installed, the tuning 
range of the loop can be adjusted by 
moving the shaft in the panel bearing so that the 
loop is nearer to or farther from the coil. Moving 
the loop closer will increase the tuning range. It 
will be found that the tuning rate is slow when 
the loop is at right angles to the coil and be-
comes faster as the loop and coil become more 
nearly coaxial. It is therefore advisable to set 
the band and bandspread so that the receiver 
tunes from about 111.5 to 119 Mc., since this will 
spread the band over the main portion of the 
dial. When the shaft position which gives 
proper bandspread has been found, the fiber 
washer can be fastened to the shaft with Duco 
cement. When 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 

Fie. 1621 — A stilierregenerative receiver with built-in speaker 
constructed on a standard chassis base. The detector trimming con-
denser is mounted on the side. The audio gain control is mounted 
next to the tuning control (extreme left). The regeneration control is 
between the volume control and the 'phone jack and on-off switch. 

by slipping two metal washers and a half-slice 
of rubber grommet on the shaft before the dial 
is slipped on. The dial set screw should be 
tightened when the shaft is being pushed out 
from the inside, and the spring of the rubber 
grommet will then hold the collar (fiber washer) 
tightly against the inside of the panel bearing. 
A paper scale can be glued to the box and the 
megacycle and half-megacycle points marked 
on it, for ease in spotting stations and con-
venient resetting. 
The antenna coupling should be adjusted 

with the antenna connected, and it should be 
made as tight as is consistent with some reserve 
in the regeneration control to take care of low 
voltages and other variables. 

Superre generative receiver with 
built-in speaker — The receiver 
shown in Figs. 1621 to 1623 is slight-
ly more elaborate, differing from 
the receiver just described mainly 
in the inclusion of an audio volume 
control and a built-in loudspeaker. 
Minor differences include the use of 
a 7A4 detector (a slightly better but 
less common tube than the 6J5) and 
the use of capacitive tuning. 
The receiver is built in a 10 X 5 

X 3-inch chassis, with the tubes and 
speaker mounted on the 5 X 10-inch 
face. One side is used for a panel 
and the opposite side is left clear 
in case one wishes to operate with 
the receiver resting on this side. The 
antenna terminals and the detector 
padding condenser are mounted 
on the left-hand side, and the four-
prong power plug is mounted on 
the right-hand side. 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 Fig. 1620 — A view from the right-hand side of the compact receiver. 
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Antenna 
L2 '744 

Fig. 1622 —Wiring diagram of the 
Co — 25-pidd. air trimmer (Ham-

marlund APC-25). 
— 5-,pfd. tuning condenser (Na-

tional UM-15 with 2 stator 
and 2 rotor plates removed). 

Ca — 50-iiidd. midget mica. 
Ca — 0.006-pfa. mica. 
Cs, Cr — 0.01-idd. 600-volt paper. 
Cs, Ca — 10-pfd. 25-volt electro-

lytic. 
Ca — 450-volt electrolytic. 

635 

7A4 superregenerative receiver with 
Ri — 5 megohms, Yo  watt. 
R2 — 25,000 ohms, 1 watt. 
Ra — 0.5-megohm volume control. 
R4 - 50,000-ohm wire-wound pot. 
Rs — 1500 ohms, 3/2 watt. 
Rs, R7 —  50,000 ohms, 1 wan. 
Rs 0.1 megohm, 34 watt. 
Rs — 500 ohms, 1 watt. 
Rio — 2000 ohms, 10-watt wire-

wound or higher. See text. 
— Closed-circuit jack. 

together, to make the leads as short as pos-
sible. The tuning condenser, C2, is supported 
back of the panel on long (1 3%-inch) 6-32 screws, 
and the padding condenser is mounted directly 
on the side of the chassis. A bakelite shaft ex-
tension is fastened to the tuning condenser shaft 
and brought out through a panel bearing. The 
quench r.f. choke, RFC2, is supported between 
the two audio tube sockets on a 3/2-inch pillar. 
Each socket has a soldering lug placed under 

one screw, and all of the grounds for that par-
ticular stage are made to the lug. Most of the 
resistors and condensers can be mounted di-
rectly on tube or variable reslitor terminals. 

6F6 

T. 

built-in speaker shown in Fig. 1621. 
RFC1 —  V.h.f. choke (Ohmite Z-1). 
RFC 2 —  80-mh. r.f. choke (Meiss-

ner 19-2709). 
Si — S.p.d.t. toggle switch. 
Ti — Output matching transformer. 
Speaker —  4-inch p.m. type. 
Li — 1 turns No. 14 e., j4inch 

inside diameter, spaced 
diameter of wire. 

- 1'4 turns No. 14 e., 5¡-inch 
inside diameter. 

The coil, LI, can be trimmed slightly by 
squeezing the turns together or pulling them 
apart until the desired amount of bandspread 
is obtained. The antenna adjustment is made 
by moving the antenna coil, L2, closer to L1 un-
til the regeneration control must be set at 
about 3 full for "supering" to start. This ad-
justment is made with the antenna connected. 
A superheterodyne receiver —  The ordi-

nary 112-Mc. superregenerative receiver is not 
very selective, and in localities where several 
networks are operating within a relatively 
narrow frequency band it may be necessary 
to go to a more selective type of receiver to 

Fig. 1623 — This 
underside view of 
the 7A4-detector 
superregenerative 
receiver shows 
the loudspeaker 
mounted at one 
end of the 5 X 
10 X 3-inch chas-
sis. The detector 
tuning condenser 
is mounted on 
long machine 
screws from the 
front"paneL" The 
ri. chokes may 
be seen in the 
clear at the left 
center. The male 
plug for the pow-
er-supply cable is 
to be seen mount-
ed on one end' at 
the corner near 
the loudspeaker. 
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Fig. 1624 — A superregenerative superheterodyne re 
ceiver, designed for greater selectivity than can be ob 
tamed from the ordinary superregenerator. The audio 
section is along the left edge of the chassis and the self-
contained power supply is at the upper right. The cabi-
net is approximately 9M inches square and 7 inches deep. 

minimize interference. In addition, the radia-
tion from a superregenerator can cause an 
annoying type of interference when station 
locations are fairly close together. Both these 
disadvantages can be overcome by using a 
superheterodyne. The well-known advantages 
of the superregenerator — simplicity, sensi-
tivity and economy of tubes and components 
— can in large part be retained by using a 
superregenerative detector as the if. system 
of the superheterodyne. Since the intermediate 
frequency will be considerably lower 
than the signal frequency the selectiv-
ity will be increased in proportion, 
while the receiver as a whole is in-
creased in complexity only by the 
addition of two tubes and relatively 
simple accompanying circuits. 
A superheterodyne of this type is 

shown in Figs. 1624 to 1627. It uses 
commonly-available triodes in the 
r.f. and i.f. sections, and equivalent 
types such as the 6J5, 6C5, etc., can 
be substituted with little difference 
in performance. The i.f. in the re-
ceiver shown is approximately 26 
Mc., a frequency low enough to give 
a worth-while increase in selectivity 
while still high enough to give good 
superregenerative operation. 
A complete circuit diagram of the 

receiver is given in Fig. 1626. The 
audio section consists of a 6C5 and 
6V6, and is conventional except for 
the fact that the headphone jack is 
shunted across the 6V6 grid circuit 
rather than being arranged to discon-
nect the audio signal from the speaker 

tube when the 'phones are plugged in. This 
allows others to hear what is going on while the 
operator excludes outside noise by wearing 
headphones. 
The mixer input circuit consists of the tuned 

circuit, 1,2C1, coupled to the antenna or feeders 
by the one-turn coil, L1. Since the grid-cathode 
portion of the tube acts as a diode rectifier, it 
takes energy from the tuned circuit; conse-
quently a rough impedance match between the 
circuit and tube is brought about by tapping 
down on the coil. Voltage from the oscillator 
is capacity-coupled to the mixer through Cg. 
The mixer plate circuit is tuned to the inter-

mediate frequency, 26 Mc., by a 30-iimfd. mica 
trimmer, C3, across the coil L4. To prevent 
short-circuiting the d.c. plate voltage a block-
ing condenser, C4, is incorporated in the tuned 
circuit. The plate coil, L4, is inductively cou-
pled to the superregenerative detector coil, L5. 
For optimum sensitivity the mixer plate 
voltage should be in the vicinity of 20 to 25 
volts. This voltage is obtained from a voltage 
divider, R4R2. 
The local oscillator should have a fairly 

high-C tank circuit to insure stability, and the 
grid-leak resistance should be low enough to 
prevent squegging. A value of 10,000 ohms is 
satisfactory with the oscillator operating at ap-
proximately 100 volts on the plate. 
The superregenerative detector circuit is 

similar to those previously shown. For op-
timum results different values for the grid 
leak, R2, and the plate by-pass condenser, C7, 
should be tried. 
The r.f. section of the outfit is the only part 

which requires particular care in construction; 
as shown in the photographs, this is assembled 
on a small subchassis and can be removed as a 

Fig. 1625 — The r.f. unit of the superregenerative superheterodyne, 
consisting of the mixer, high-frequency oscillator and superregen-
erative detector, is built on a small 4 X 6-inch metal subchassis. 
The hole between the mixer tube and antenna binding post assem-
bly is for screwdriver adjustment of the id. transformer primary. 
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unit from the receiver. The subcha,ssis is a 
4 X 6-inch piece of aluminum and mounts to 
the main chassis by means of three brass-rod 
pillars a little over 2% inches long. Viewed 
from the top, the oscillator is to the left, the 
mixer is in the right foreground, and the i.f. 
tube is at the rear right. The oscillator is 
mounted somewhat back from the front to al-
low room for an insulated coupling and exten-
sion shaft, necessary because both ends of the 
tuning condenser are "hot." The mixer tuning 
condenser is mounted at the front of the sub-
chassis so that its shaft can extend through the 
front panel. The tank coils in both the oscilla-
tor and mixer circuits are mounted directly on 
the condenser terminals. 
The i.f. coils, L4 and L5, are wound on a poly-

styrene form mounted between the mixer and 
detector as shown. The detector condenser, 
C5, is air-tuned and is mounted on the sub-
chassis. Both sides must be insulated from 
ground. The primary tuning condenser, Cz, is a 
mica trimmer mounted so that its adjusting 
screw is accessible through a hole in the sub-
chassis. The movable plate should be con-
nected to ground so that body capacity can be 
avoided in making adjustments. The plate 
choke, RFC2, is supported at one end by the 
tap on L5 and at the other by C7, the grounded 
terminal of which is soldered to a lug fastened 
under one of the socket-mounting screws. 

744 
Fig. 1626 —Circuit dia-
gram of the superregener-
ative superheterodyne. 
Ci —3-plate midget, ap-

proximately 5 
,pfd. (National 
UM-15 cut down.) 

CR 50-pfd. mica. 
Ca —3-30-ppid. mica 

trimmer. 
C4 — 500-ppfd. mica. 
Ca-35-pfd. variable 

(Millen 20035). 
C6 •—• 100-pfd. mica. 
C7 — 0.002-afd. mica. 
Cs — See text. 
CV —15-pda. variable. 

For bandspread, 
use a 2-plate va-
riable similar to 
CI in parallel with 
a 3-30-ppfd. mica 
trimmer. 

Cio —100-ppfd. mica. 
Cii —0.01-pfd. 400-volt paper. 
Cli, C14 — 25-pfd. 25-volt electrolytic. 
Ci —0.1-pfd. 400-volt paper. 
C19, Cie, C17 8-pfd. 450-volt electrolytic. 
RI —2 megohms, %-watt. 
Ri — 5 megohms, 3/2-watt. 
Rs —10,000 ohms, %-watt. 
R4, Rs — 50,000 ohms, 1-watt. 
Re — 50,000-ohm volume control. 
R7 — 0.5-megohm volume control. 
Rs —2000 ohms, 1-watt. 
R9 50,000 ohms, 1-watt. 
Rio — 0.5 megohm, 34-watt. 
Rn —750 ohms, 1-watt. 
Riz —15,000 ohms, 10-watt. 
• — 5 turns No. 14, %-inch diameter, turns spaced 

slightly more than diameter of wire; grid tap 
3% turns from ground end. 

Lo — 1 turn, same diameter as Li. 

oo 
e R3 RFC, 

The sensitivity of the receiver depends a 
great deal on the amount of oscillator voltage 
injected into the mixer grid circuit. The sensi-
tivity will be poor if the oscillator voltage is too 
small, but once enough is secured a further in-
crease has relatively little effect. The "con-
denser" actually used is formed by fastening a 
machine screw in one of the mounting holes in 
the Isolantite frame of the tuning condenser, 
C1, so that it is fairly close to one stator mount-
ing post of the condenser. The small capacity 
thus provided (C8) is ample for coupling when 
the oscillator is operated with about 100 volts 
on the plate. 

In making preliminary adjustments, the first 
operation is to get the superregenerative detec-
tor on frequency, which is best done by listen-
ing for its "hash" output on a regular com-
munications receiver tuned to the approximate 
intermediate frequency of 26 Mc. The mixer 
and detector should be in their sockets but the 
oscillator should either be out or its plate 
voltage disconnected. Set the detector in opera-
tion, adjusting Rg until superregeneration oc-
curs, and tune C5 to put the detector on fre-
quency. Then tune Cg to resonance, which will 
be indicated by absorption of energy from the 
detector circuit so that Rg has to be advanced 
to maintain superregeneration. Since tuning 
one circuit affects the tuning of the other it will 
be necessary to go through this process several 

/44 

14  
Phones 

j 
.1. II 

6V6 

11511.4.C., 

/am. 

Spier 

Li — 4 turns No. 12, 34-inch diameter, length 34 inch. 
L4 — 12 turns No. 24 d.s.c. on %-inch form, close-wound. 
Li — Same as L4 but tapped at center, spaced % inch 

from Ls. 
• — 10-henry 50-ma, filter choke. 
J — Open-circuit jack. 
Ti — Interstage audio transformer. 
• — Power transformer, 250 volts at 50-60 ma., with 

rectifier filament and 6.3-volt heater windings. 
RFCi— 1%-inch winding of No. 30 s.c.c. on 3-inch 

diameter form. 
RFC2— 2.5-nub. r.f. choke. 
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Fig. 1627 — A bottom 
view of the superhetero-
dyne r.f. unit. The mixer 
circuit is at the lower left, 
with the detector above 
and oscillator to the right. 
Note the machine screw 
(on the mixer tuning con-
denser) which forms one 
"plate" of the oscillator-
mixer coupling condenser. 
The mica padders used in 
the oscillator and i.f. cir-
cuits are convenient and 
inexpensive, but air pad-
ders would be preferable 
for long-time stability. 

times to maintain the desired frequency. If the 
primary circuit extracts too much energy, the 
superregenerative hiss will lose its smooth 
character and the sensitivity will be poor. This 
condition can be corrected either by loosening 
the coupling between the two coils or by de-
tuning the primary sufficiently to obtain satis-
factory operation. 
To adjust the oscillator, set up a low-power 

112-Mc, oscillator in the vicinity and then tune 
C9 until a signal is heard. If the bandspread 
system with a mica padder is used, the movable 
plate on the padder should be fairly close to the 
fixed plate, but not squeezing the mica. The 
padding capacity required is of the order of 10 
add., depending upon the inductance of La 
which will vary somewhat with the turn spac-
ing. Some care must be used, because it is read-
ily possible for harmonics of one or both of the 
oscillators to beat to produce a spurious i.f. 
signal. If several signals can be heard in adjust-
ing the padder over its range, the strongest one 
should be chosen. 
Once the signal is found, the mixer circuit 

should be adjusted to resonance. It is probable 
that the coil will have to be pruned or the turn 
spacing altered to bring the signal definitely on 
the tuning scale of C1. The coil size aise de-
pends upon the position of the grid tap. By a 
process of cut-and-try the coil size and tap 
position which give maximum signal strength 
can eventually be determined. 

In practice the tuning of the receiver is effec-
tively single control, since C1 may be set at 
about the center of the band and the circuit 
will be broad enough to give good response at 

both ends. The regeneration control is not af-
fected by tuning of the r.f. circuits except when 
the primary condenser, C3, is set very close to 
the critical point with 1.4 and L5 overcoupled. 
Under these conditions any small change either 
in loading or capacity can throw the detector 
into or out of oscillation, and since the mixer is 
triode such changes can be reflected from the 

r.f. circuits through the grid-plate capacity of 
the tube. Under optimum i.f. adjustments this 
does not occur. 

.4 combination transmitter-receiver —It 
is frequently convenient to build the trans-
mitting and receiving equipment in one assem-
bly, arranged with a switch to shift both the 
antenna and plate supply from "receive" to 
"transmit" in a single operation. This type of 
construction is economical as well, since it be-
comes readily possible to use the same audio 
amplifier for both transmitter and receiver. A 
station of this type is shown in Figs. 1628, 
1629 and 1631. The circuit is given in Fig. 1630. 

In the receiver section, a 6J5GT is used as a 
self-quenching superregenerative oscillator. R9 
is the regeneration control. A 6V6, with its 
plate and screen tied together to form a triode, 
is used in the transmitter. 
The audio section consists of a 6J5 speech-

amplifier stage, resistance coupled to a Class-A 
6L6 modulator. This section may be switched 
to act either as speech amplifier and modulator 
for the transmitter or as a resistance-coupled 
amplifier for the superregen detector in the re-
ceiver, when its output is coupled to a p.m. 
speaker. Separate audio gain controls are used 
for transmitting (R3) and receiving (R4). 
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Fig. 1628 — The transmitter-receiver is built in a sheet-
iron case. The large dial is the receiver tuning control. 
The transmit-receive switch is located in the center be-
low the speaker opening. The adjusting hole for trans-
mitter tuning may be seen at the left. Along the bottom, 
from left to right, are the microphone gain control, re-
ceiver audio gain control, headphone pin jacks (which 
may be used to replace the open-circuit jack, h., in Fig. 
1630 if desired), headphone-speaker switch, microphone 
jack, and regeneration control. Output terminals are in 
the upper left-hand corner. The five holes at the top are 
the speaker grille. The unit was constructed by WIDBM. 

If a microphone transformer of 
the usual type is unobtainable, an 
ordinary bell-ringing transformer 
makes a very satisfactory sub-
stitute. For modulation purposes, 
the primary of the speaker output 
transformer is connected as an 
autotransformer with a 1-to-1 ra-
tio. In this manner, the d.c. plate 
currents for the modulator and os-
cillator flow through separate sec-
tions of the primary winding and 
in such directions as to buck in 
core-magnetizing effects, thereby 
increasing the effective induct-
ance of the primary winding. 
The headphone signal is coupled 

from the primary of T2 through 
C14. Interchange between head-
phones and loudspeaker is by 
means of the double-pole double-
throw toggle switch, S2. An 8-pole 
dual gang switch takes care of 
switching between receiving and 
transmitting. In the receiving 
position, the plate supply is con-
nected to the detector, the audio 

Fig. 1629 — Interior view of the trans-
mitter-receiver. The transmitter section 
is in the left foreground, with the receiN er 
section at the right-hand end of the cha,-
sis. This photograph was made before out - 
put terminals (at upper right on panel) 
were connected to the send-receive switch 

input is shifted to the detector output, speaker 
and headphones are connected to the output of 
the audio section, the mike battery and plate 
supply are disconnected from the transmitter, 
and the antenna is shifted to the receiver. In 
the transmitting position, the plate supply is 
disconnected from the detector, the audio in-
put shifted to the output of the mike trans-
former, speaker and headphones disconnected 
from the audio output, mike battery and plate 
supply connnected to the transmitter, and the 
antenna shifted to the transmitter. 
A metal chassis, 10 inches long, 5 inches wide 

and 3 inches deep, forms the foundation for the 
unit. The receiver components are grouped 
at one end of the chassis, while those for the 
transmitter are similarly grouped at the other 
end. The 6J5GT detector tube is mounted 
horizontally by means of a metal bracket in 
which the ceramic socket is set. The receiver 
tuning condenser, C1, is mounted on a small 
stand-off insulator to space it from the chassis 
and to bring its terminals up close to the plate 
and grid prongs of the detector socket. The de-
tector inductance, L2, is soldered directly 
across the terminals of C1, while the grid leak 
and condenser are connected between the 
rotor of C1 and the grid terminal of the detector 
socket. A ceramic flexible coupling is used be-
tween the shaft of the condenser and the tuning 
dial. The dial-coupling extension shaft is passed 
through a rubber grommet set in the panel. 
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Fig. 1630 — Circuit diagram of the 112 Mc. combination transtnitter-receiver for WEBS. 
CI — 2-plate midget variable (II am - CI4 --.. 0.01-pfd. 600-volt paper. Ji — Open-circuit microphone jack. 

marlund MCM type). RI — 5 megohms, 5,6-watt. J2 — Open-circuit headphone jack. 
C2 — 50-µpfd. midget mica. R2 — 15,000 ohms, 5,6-watt. 1.1 — 1 turn No. 14, 56-inch diem-
C3 — 0.01.-µfd. 600-volt paper. R3 — %-megohm potentiometer. eter. 
C4 — 5-plate midget air trimmer, R4 — 52-megohm potentiometer. 

approximately 20 ppfd. R5 — 1500 ohms, 56-watt. 
C5 — 50-pfd. midget mica. 115 — 50,000 ohms, 1-watt. 
Co — 0.001-pfd. midget mica. Ri— 100,000 ohms, 56-watt. 
C7 — 10-pfd. 25-volt electrolytic. Rs — 500 ohms, 1-watt. 
Qt — 0.01-pfd. 600-volt paper. R9 — 50,000-ohm potentiometer. 
C9 — 10-pfd. 25-volt electrolytic. Rio — 50,000 ohms, 1-watt. 
Cis — 0.01-pfd. 600-volt paper. B11 — 54-megohm, 56-watt. 
Cit — 100-ppfd. mica. Ria — 25,000 ohms, 1-watt. 
C12 — 0.01-pfd. 600-volt paper. RECI — V.h.f. choke (Ohmite Z-1). 
C13 — 0.001-pfd. 600-volt paper. EFC.2 — 80-mh. r.f. choke. 

At the other end of the chassis, the 6V6 is 
also mounted horizontally by setting the socket 
in a vertical metal bracket. A similar 
bracket serves to hold the transmitter 
tuning condenser, C4. This condenser 
is adjusted by a screwdriver through 
a hole in the front panel. This type of 
control eliminates the possibility of 
throwing the transmitter frequency 
off by accidentally bumping a dial. 
Short-circuiting of the plate supply 
while adjusting the condenser is pre-
vented by lining the adjusting hole 
with a rubber grommet. As in the re-
ceiver, the coil, L4, is soldered directly 
across the condenser terminals. 
At the center of the chassis are the 

submounted sockets for the two audio 
tubes and the change-over switch. The 
latter is mounted on a bracket fas-
tened to the chassis. The microphone 
transformer, T1, and the output trans-
former, T2, both are mounted on the 
rear edge of the chassis. 

L2 — 4 turns No. 14, 4inch diam-
eter. 

L3 — 1 turn No. 14, 5,6-inch diam-
eter. 

L4 — 3 turns No. 14, 56-inch diam-
eter. 

— Sections of 8-pole, 2-gang 
rotary switch (Centralab). 

S2 — D.p.d.t. toggle switch. 
Ti — Microphone transformer (bell-

ringingtransformer). 
Ts — Universal output transformer. 

The panel is made from ordinary galvanized 
sheet iron. There is room on the panel for a 

Fig. 1631 — Under-chassis view of the WEBS transmitter-receiver 
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five-inch permanent-magnet speaker. Large 
holes are cut in the speaker area as grille work 
and backed up with dust-proof cloth fastened 
under the rim of the speaker. A pair of feed-
through insulators serve as output terminals. 
The case for the unit also is made from gal-

vanized sheet iron. The sides and back are 
made from a single piece bent into a U shape, 
with flanges at the front edges to which the 
panel may be fastened with machine screws. 
The top and bottom are identical, with edges 
bent to overlap the sides, back, and panel. If 
desired, the case may be dressed up by giving 
it a coat of "metal preparer," followed by a 
coat or two of enamel or Dueo. Another possi-
bility is to have it sprayed at a garage or auto-
mobile body works before the parts are mounted. 
The unit is designed to operate from either 

an a.c. or battery-operated pack or from a 
combination pack delivering 300 volts at 100 
ma. When loaded, the transmitter plate current 
should be 50 or 60 ma. This value may be ad-
justed within limits by altering the value of 
grid-leak resistance, higher resistance values 
resulting in lower plate current. The audio sec-
tion should draw an average of about 50 ma. 
Normal r.f. power output is about 2 watts. 

(I. Transceivers 

The transceiver shown in Figs. 1632 to 1635 
is constructed from parts which in most cases 
can be readily salvaged from old equipment. 
It is built around the more numerous types of 
standard receiving tubes, several of which can 
be used interchangeably. For operation at 200 
volts or less the 6J5GT is preferable as the os-
cillator, since it works more efficiently than 
some of the other types. An easily constructed 
vibrator-type power supply for 200-volt opera-
tion is described in a later section. Where a 
300-volt supply is used, the 6V6GT is recom-
mended. 
The audio system consists of a triode first 

stage (6J5 or 6C5) followed by a 6V6 (or 6F6) 

Fig. 1632 —This low-power transceiver and vibrator 
power supply can be built from receiver components 
which nearly every amateur can salvage from old equip-
ment. The addition of an antenna, microphone, and 
storage battery makes it a complete emergency station. 

Fig. 103— A rear view of the transeeiNer installed in 
its case. The oscillator-detector is constructed as a unit 
on a projecting metal piece, with the audio unit below. 

in any of the varieties of glass or metal. The 
pentode is used as a modulator in transmitting 
and to drive the loudspeaker in reception. 
There is no provision for headphone reception 
in this unit, but if it is wanted a jack can easily 
be connected in the 6J5 plate circuit. If this is 
done an additional switch section should be 
provided to cut out the headphone circuit when 
transmitting. As a matter of economy when 
operating from emergency power, the "B" 
drain could be cut to a very low value during 
reception periods if headphones only are used, 
since the change-over switch could be arranged 
to cut the "B" lead to the plate and screen of 
the pentode audio power tube. In the event 
that the speaker is not wanted or if a suitable 
unit is not available, this would be a worth-
while modification. 

If a single switch wafer of the desired num-
ber of poles and circuits cannot be obtained, 
any 4-pole double-throw switch may be used. 
Usually some sort of wafer switch can be sal-
vaged from old equipment; if it is necessary 
to use more than one gang, the only result is 
that the switch is more bulky. 
Output transformers (T2) usually can be 

taken from a discarded receiver, if not avail-
able new. The "transceiver transformer" used 
in this unit is an ordinary interstage audio 
(about 3:1 ratio) with a microphone primary 
added. There is usually enough space between 
the core and the windings to get in at least one 
layer of fairly fine wire, such as No. 30. It is 
necessary to take the core apart and possibly 
to remove some of the paper already around 
the windings. In the unit shown, the micro-
phone primary is one layer of No. 30 s.c.c. 
(about 50 turns) wound over the existing wind-
ings. It was given a coat of shellac to hold it in 
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place, and covered with paper to prevent short 
circuits to the core. 
The regeneration control circuit, consisting 

of R9 and Rio in series, permits operating the 
detector at the lowest plate voltage consistent 
with good superregeneration, and thus holds 
receiver radiation to a minimum. The fixed 
resistor makes the setting of the control less 
critical, and also keeps the voltage across the 
variable resistor to a safe value. 
The microphone current is obtained from 

the cathode circuit of the modulator tube, by 
tapping the microphone across part of the 
cathode resistor. The single by-pass condenser 
from cathode to ground is sufficient to prevent 
feed-back between the modulator and micro-
phone circuits. In „reception the microphone 
cirçuit is opened by the switch, with the result 
that the bias on the output tube rises and the 
plate current is reduced. This has no particu-
lar effect on the tube operation, particularly 
since full output is not needed in receiving. 
The panel in this transceiver is a 10 X 10-

inch piece of 34-inch tempered Presdwood, 
while the shelf which holds the audio circuits 
is a 3U X 10-inch piece of the same material. 
The shelf is mounted 1 34 inches above the bot-
tom of the panel, leaving room for the resistors 
and condensers underneath. 
The box in which the transceiver is housed is 

made of 34-inch plywood, with inside dimen-
sions 10 X 10 X 3U inches. At each corner 
the sides are glued to 34 X 34 X 3U-inch 
pieces of wood. A strip of plywood 1% inches 
high runs along the back, and a piece 1U 
inches high is glued to it inside to form a sup-
port for the rear edge of the shelf when the 
assembly is placed in the cabinet. The re-

Fig. 1634 — Circuit diagram of the low-power trans-
ceiver. If a triode is used for the oscillator tube (1,-1), 
the screen-grid connections shown may be ignored. 

Midget variable, 10-15 ppfd. maximum ca-
pacity. 

C2 — 50-pfd. mica. 
Cs — 0.005-pfd. mica. 
C4 — 250-ppfd. mica. 
Ca — 0.1-pfd. paper, 400 volts. 
Cs — 25 to 50 pfd. electrolytic, 50 volts. 
Ri — 5 megohms, M-watt. 
R2 — 5000 ohms, 1-watt (for 6J5, 6C5): 10,000 

ohms, 1-watt (for 6V6, etc.). 
112 — 0.5-megohm volume control. 
R4 — 1000 ohms, s-watt. 
115 — 0.1 megohm, 1-watt. 
116 —0.5 megohm, 
R7 — 250 ohms, 1-watt. 
R9— 200 ohms, 1-watt. 
R9 — 50,000-ohm volume control. 
Rio — 50,000 ohms, 1-watt. 
Li-3 turns No. 12, 316-inch inside 

diameter, s-inch long. 
— 1 turn No. 12 or No. 14. 

RFC', RFC2 55 turns No. 30 d.c.c., close-
wound, s-inch diameter. 

T1 — Transceiver transformer (see text). 
T2 = Output transformer, pentode to voice coil. 
SI.4 — 4-pole double-throw switch. 
J — Open-circuit jack. 
Spkr — 3-inch permanent-magnet dynamic speaker. 
Vi — 6J5, 6C5, 6V6, 6F6, etc. 
— 615, 6C5. V —6V6,6F6 (CT types preferred). 

MIC. 

mainder of the back is a door, hinged at the 
bottom, through which access can be obtained 
to the tubes and r.f. section. At the top it is 
held to the case by hooks. The panel is fastened 
to the corner blocks with wood screws. 
The oscillator is all one unit, built on a 3 X 

4-inch piece of scrap aluminum with Y2-inch 
bent over at one end to form a mounting lip. 
The metal base projects 334 inches behind the 
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 to 15 µµfd. is required. The one used in the 
unit shown is a Rammarlund MC-20-S (origi-
nally having a maximum of 20 apfd.) with one 
plate removed. To reduce capacity to ground, 
the rear bearing assembly was taken off by 
sawing the rotor shaft and the side rods hold-
ing the stator plate. Removing this excess 
material noticeably increased the efficiency 
of the circuit. 
The tuned-circuit coil, Li, is wound of No. 12 

wire, one end being mounted under the con-
denser panel-mounting nut and the other be-
ing soldered to the end of the side rod holding 
the stator plate. Since both sides of the con-
denser must be insulated from ground, the con-
denser 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 chokes are mounted from 

insulated lugs at the "cold" ends, the hot ends 
being placed as close as possible to the points 
in the circuit where they connect. The power 
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Fig. 1635 — Below-shelf wiring and construction of the 112-Mc. trans-
ceiver. The unit can be removed from the plywood cabinet for servicing. 

leads from the r.f. section are cabled and 
brought down to the switch. 
The speaker is mounted on the panel as 

shown. To protect the cone from damage, the 
grille holes are backed by a piece of window-
screen material which is held in place by the 
bolts which fasten the speaker to the panel. 
The metal strip running from top to bottom 

of the panel serves as a shield to prevent body 
capacity and also as a low-inductance ground 
connection between the oscillator and the 
audio section. It makes direct contact with 
the oscillator support, the rotor of R3, the 
metal frame of the switch, and the frame of the 
microphone jack. It is approximately 4 X 91A 
inches, and was cut from an ordinary tin can. 

In the rear view the transformer at the left 
is T1, the revamped audio 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, R2, 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 R2, are 
mounted directly on the switch contacts, but 
all other resistors are below the shelf. The 
below-shelf arrangement is of no particular 
consequence, since there are no r.f. circuits — 
except that the grid leads to both tubes should 
be kept short, so that hum pick-up will be min-
imized. The dropping resistor, R10, for the re-
generation control circuit is mounted on the 
lug strip at the rear; the other two resistors 
which connect together at this strip are the two 
sections of the modulator cathode resistor. 
Spare terminals on the tube sockets are used as 
tie points wherever necessary. 

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 both cases 
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 super-
regeneration depends consider-
ably on the grid choke and on 
the capacity of the plate by-pass 
condenser, C3. The circuit may 
not superregenerate at all with 
less than 0.002 pfd. at C3, while 
values higher than 0.005 tend to 
cut down the audio output be-
cause of the rather heavy by-
pass effect qcross the primary 
of the audio transformer, 7'1. The 
value recommended is a good 
compromise. Two or more con-
densers may be connected in par-
allel or series if the exact capacity 
is not obtainable in one unit. 
The coil inductance is ad-

justed by spreading or squeezing 
the turns until the proper fre-

quency range is secured. It is best to adjust 
the coil inductance to bring 112 Mc. near the 
maximum-capacity end of the tuning range. 
The size of the antenna coupling coil, which 

is mounted on the feed-through insulators on 
the panel, will depend upon the antenna sys-
tem used. Usually a turn or two of wire is 
sufficient, the coupling being adjusted by bend-
ing the leads so that the position of the anten-
na coil is changed with respect to the tank coil. 
The r.f. tube takes 20 or 25 ma. at 200 volts 

when transmitting, and has an r.f. output of a 
watt or so. Including the audio system, the to-
tal current drain in the transmit position is in 
the neighborhood of 60 ma. at 200 volts. In 
reception the plate current of the r.f. tube is 
negligible, and the total current at 200 volts is 
only about 35 ma. 

Mobile equipment The equipment pre-
viously described is readily adaptable to tem-
porary mobile operation when provided with 
a storage-battery operated power supply and 
installed in a car having a suitable antenna (see 
pages 367-369 for discussion of antennas). In a 
permanent mobile installation, however, it is 
desirable to arrange the equipment so that it is 
instantly accessible for operation, yet does not 
interfere with the regular car controls nor occu-
py space normally available for passengers. 
One method of accomplishing this is to make 

the transmitter and receiver separate units, 
installing the receiver on the car dashboard 
where its controls are within reach of the 
driver, and locating the transmitter and power 
supply in the luggage compartment. This is 
practicable because the transmitter ordinarily 
is operated on a fixed frequency and hence 
does not require frequent readjustment. A 
mobile station of this type is described in 
Chapter Fifteen (Figs. 1534-1537). 
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An alternative is to construct the transmit-

ter and receiver as a unit and install it in some 
convenient spot, such as the glove compart-
ment of the car. Such an installation is shown 
in Figs. 1636 to 1639. Normally the glove com-
partment will be too small to contain the neces-
sary apparatus, but, if the fiber box is removed, 
the space behind the dash will, in most cases, 
be ample. In the set illustrated, the fiber box is 
replaced by a metal box of the same dimen-
sions, backed by the chassis on which the trans-
mitter and receiver are mounted. The box and 
chassis are made of No. 24 gauge sheet metal. If 
patterns are prepared beforehand, it will be 
possible to have the metal work done by a tin-
smith at comparatively small cost. The actual 
dimensions naturally will be determined by 
the shape and size of the space available in 

• the particular model of car in which the station 
is to be installed. The chassis shown in the 
photographs measures 12 inches wide and 10% 
inches deep. 
The circuit diagram of the mobile unit is 

given in Fig. 1638. Electrically, it is practically 
equivalent to the transmitter-receiver circuit of 
Fig. 1634. The transmit-receive switch is a 
Federal Radio anti-capacity type, with "out-
board" antenna change-over contacts added. 
Below the change-over switch is the 1%-inch 
permanent-magnet dynamic speaker. To the 
left side of the speaker are the volume control 
and microphone jack. C5, C6, C7, Cm, RFC3 
RFC4, R2, and the tank circuit, C5L4, are clus-
tered around the base of the 6V6 oscillator 
tube. Trial showed that C7 is a worth-while 
addition; while the 6V6 will oscillate without 
it, the output is considerably less. 
To the right side of the speaker are the re-

generation control and filament switch, the 
pilot light and the detector circuit. C1, Ca, 
RFC% RI, and the tank circuit, C2Li, are 
bunched about the base of the 6J5G. RFC2 and 
C4 are mounted on the underside of the chassis 
pan. RFC2 is a low-frequency r.f. coil which, 
together with the associated condensers, forms 
a filter for the quench frequency. 
The high-frequency chokes, RFC1, RFC% and 

RFC4, consist of 55 turns of No. 30 enameled 
wire wound on a drill shank, then sprung loose 
and fastened with Duco cement. The chokes 

Fig. 1636 — A transmitter-receiver unit for mobile use, installed in the 
glove compartment of a car. This installation was made by W2DVG. 

Fig. 1637 — Side view of the mobile unit, showing the 
chassis and mounting-hood arrangement. The metal 
chassis and hood are made of No. 24 gauge "black metal." 

are very light in weight and are safely mounted 
by the wire with which they are wound. 

Directly behind the tube-mounting partition 
and between the detector and oscillator tubes 
is the filter choke, L5. (This outfit obtained its 
plate power from the car broadcast receiver, 
which had a resistance-capacity filter. When 
this power was used for the transmitter-re-
ceiver, the filter resistor was shorted out, leav-
ing only the condensers; hence the necessity 
for L5 and C15.) 

Behind Lis is the audio coupling condenser, 
C12, which is too large to fit below deck. Left to 
right, across the back of the chassis, are the 
output transformer, the modulator tube, con-
densers C3, C13, C14 and C15, the first audio tube 
and the audio input transformer. The latter 
had enough room between the original wind-
ings and the core for the installation of approxi-
mately 50 turns of No. 30 enameled wire for 
microphone input. The new winding is covered 
with cellophane tape to keep it in place and to 
protect it from moisture. 
Beneath the chassis are RFC2, C4, R5, R6, R7, 

14, Rs, Cio, C11, R11, and most of the audio and 
power wiring. Only two leads, each fused, leave 
the chassis. These are marked " A + " and 
" B+ " in Fig. 1638. A third connection for 
negative returns is made through the frame of 

the car. 
The numbered dials available 

were either too large to fit on the 
panel or too small for comfortable 
gripping. Pointer knobs were used, 
therefore, together with home-
made scales. The scales were drawn 
in India ink on the backs of filing 
cards cut to size and fastened to 
the panel with rubber cement. 
The white plastic-knob pointers 
did not provide sufficient contrast 
with the white scale cards, and so 
the pointers later were roughed up 
with fine sandpaper and coated 
with black India ink. 



358 THE RADIO AMATEUR'S HANDBOOK 

Fig. 1638 — Circuit of the 
mobile transmitter-receiver. 

Ci — 20-pfd. mica. 
Ca, Cs — 3-plate variable 

(Cardwell Trim-Air). 
C3 — 0.006-pfd. mica. 
C4, Ce, C8 0.001-pfd. mica. 
CT 3-30-iipfd. trimmer. 
C2 20-pfd. electrolytic. - 
Cis, Cii — 5-pfd. electrolytic. 
C12 0.5-pfd. paper. 
Cis, CH, Cia — 20-pfd. elec-

trolytic. 
Cis — 100-ppfd. mica. 
Ri — 5 megohms, Y,-watt. 
R2 — 15,000 ohms, 1-watt. 
R3 — 0.5-megohm pot. 
R4 — 2250 ohms, 1-watt. 
118 0.1 megohm, '/2-watt. 
Rs — 20,000 ohms, 1-watt. 
R7 — 0.5 megohm, 
R8 — SOO ohms, 1-watt. 
R2 200 ohms, 1-watt. 
Rio — 50,000-ohm pot. 
Rn — 50,000 ohms, 2-watt. 
Li, L4 — 3 turns No. 14, 

4-inch diameter, 
turne spaced so tanks 
tune to WERS band. 

Lz, L3 — 1 turn No. 14, %¡-inch diameter, 
1.3 — Replacement-type filter choke. 
— 6-volt pilot lamp. 

11FC1, RFC,, RFC4 — 55 turns No. 30, self-supporting. 
RFC, — Low-frequency choke coil. 

The volume- and regeneration-control knobs 
are made of 4-inch Lucite rod, drilled for 
shaft size and drilled and tapped for set screws. 
They project out from the panel an inch and 
one-half for easy handling. 
The regular car-radio antenna is used for the 

transmitter-receiver. It is of the telescoping 
type, passing through the roof. The antenna is 
connected to the switch terminal by an 18-inch 
lead and the system extended to 3% wave-
length. A vernier adjustment for antenna tun-
ing is obtained by sliding the antenna up or 
down inside the car. This does not change its 
physical length, but alters the portion which 
closely parallels the windshield dividing strip. 

Fig. 1639 — Plan view of the mobile station, showing 
location of components. The oscillator and detector 
tubes are mounted horizontally from the partition, with 
associated tank-circuit components arranged close to 
the tube sockets. Audio equipment is at the rear. Most 
of the power wiring is concealed underneath the chassis. 

Si — Anti-capacity change-over switch (see text). 
S2 — Filament switch (on Rio). 
Spkr — 1 -inch p.m. speaker (Cinaudagraph). 
— Transceiver transformer (WE213-D with micro-

phone winding of 50 turns No. 30 e. See text). 
T, — Universal output transformer, push-pull type. 

C. Types of Power Supply 

Under normal conditions there is available a 
fairly wide variety of equipment for generating 
plate power independently of the a.c. mains. 
Except possibly in isolated cases, these ready-
made units cannot now be purchased from 
regular dealers. However, it may be possible 
to secure equipment of this type second-hand, 
and the information below is included for the 
benefit of those who may have occasion to need 
data on a particular type of power supply. 
Dry batteries, both "A" and " B," are diffi-

cult to obtain. In the case of equipment built 
for dry-battery operation, such as certain mod-
els of commercial transceivers, it may be nec-
essary, in portable operation to substitute a 
vibrator-type supply, even though this re-
quires transporting a storage battery. 
Dry batteries— Dry-cell batteries are ideal 

for receiver and low-power transmitter sup-
plies because they provide steady, pure di-
rect current. Their disadvantages are weight, 
high cost, and limited current capability. In 
addition, they will lose their power even when 
not in use if allowed to stand for periods of a 
year or more. This makes them uneconomical 
if not used more or less continuously. 

Table I shows the life to be expected from 
representative types of batteries under various 
current drains, based on intermittent service 
simulating typical operation. The continuous-
service life will be somewhat greater at very 
low current drains and from one-half to two-
thirds the intermittent life at higher current 
drains. 
The secret of long battery life at normal cur-

rent drains lies in intermittent operation. The 
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duration of "on" periods should be reduced to 
a minimum. The more frequent the rests given 
a dry-cell battery, the longer it will last. As an 
example, one standard type will last 50 per cent 
longer if it is operated for periods of one min-
ute, with five-minute rest intervals, in 24-
hour intermittent operation than if it is oper-
ated continuously for four hours per day, 
although the actual energy consumption in the 
24-hour period is the same in both cases. 
Storage batteries — The most universally 

acceptable self-contained power source is the 
storage battery. It has high initial capacity and 
can 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, dynamotors and gene-
motors, and a.c. converters. For emergency 
work a storage battery is a particularly con-
venient power source, since such batteries are 
universally available. In a serious emergency 
it would be possible to obtain 6-volt storage 
batteries so long as there were automobiles to 
borrow them from, and for this reason the 
6-volt storage battery makes an excellent unit 
around which to design the low-powered 
emergency station. 

For maximum efficiency and usefulness the 
power drain on the storage battery should not 
exceed 15 or 20 amperes from the ordinary 
100- or 120-ampere-hour 6-volt battery. Heavy 
connecting leads should be used to minimize 
the voltage drop; similarly, heavy-duty low-
resistance switches are required. 

Vibrator power supplies — The vibrator-
type power supply consists of a special step-up 
transformer combined with a vibrating inter-
rupter. When the unit is connected to a storage 
battery the circuit is made and reversed rap-
idly by the vibrator contacts, and the resulting 
square-wave d.c. pulses which flow in the pri-
mary of the transformer cause an alternating 
voltage to be developed in the secondary. This 
high-voltage a.c. in turn is rectified, either by a 
vacuum-tube rectifier or by an additional 
synchronized pair of vibrator contacts, and 
filtered, providing outputs as high as 400 volts 
at 200 ma. The high-voltage filter circuit usu-
ally is identical with that of an equivalent 
power source operating from the a.c. line. 
Noise suppression equipment, serving to mini-
mize r.f. disturbances caused by the vibrator, 
is incorporated in manufactured units. 

Although vibrator supplies are ordinarily 
used with 6-volt tubes, their use with 2-volt 
tubes is quite possible provided additional fila-
ment filtration is incorporated. This filter can 
consist of a small low-resistance iron-core 
choke, or the voice-coil winding of a speaker 
transfoémer. The field coil of a speaker de-
signed to operate on 4 volts at the total fila-
ment current of the receiver may be used. The 
filaments are then connected in parallel, as 
usual, and placed in series with this winding 
across the 6-volt battery. In both 6- and 2-volt 

receivers, "hash" can be reduced by heavily 
by-passing the battery at the vibrator supply 
terminals, using fixed condensers of 0.25 to 1 
dd. capacity or more, and by including an r.f. 
choke in the battery lead near the condenser. 
Noise will be minimized if a single ground, 
consisting of a short, heavy copper strap, is 
used. Thorough shielding also will contribute 
to the noise reduction. 

Table II lists standard commercial vibrator 
supplies suitable for use as emergency or porta-
ble power sources. Some of these units include 
a hum filter, while others do not. The design of 
a suitable filter is, for the most part, conven-
tional, however. The vibrator supplies used 
with automobile receivers are satisfactory for 
receiver applications and for use with transmit-
ters where the power requirements are small. 
The efficiency of vibrator packs runs be-

tween about 60 to 75 per cent. 

Dynamotors and genemotors — A dyna-
motor is a double-armature high-voltage gen-
erator, the additional winding serving as a 
driving motor. Dynamotors usually are op-
erated from 6-, 12- or 32-volt storage batteries, 
and deliver output voltages from 300 to 1000 
or more. 

The genemotor is a refinement of the dyna-
motor, designed especially for automobile re-
ceiver, sound truck and similar applications. It 
has good regulation and efficiency, combined 
with economy of operation. Standard models 
of genemotors have ratings ranging from 135 
volts at 30 ma. to 300 volts at 200 ma. or 500 
volts at 200 ma., as can be seen from Table 
III. The normal efficiency averages around 
50 per cent, increasing to better than 60 per 
cent in the higher-power units. The voltage 
regulation of a genemotor is comparable to 
that of well-designed a.c. supplies. 

Successful operation of dynamotors and 
genemotors requires heavy, direct leads, me-
chanical isolation to reduce vibration, and 
thorough r.f. and ripple filtration. The shafts 
and bearings should be thoroughly "run in" 
before regular operation is attempted, and 
thereafter the tension of the bearings should be 
checked occasionally. 

A.c.-d.c. converters— In some instances it 
is desirable to utilize existing equipment built 
for 115-volt a.c. operation. To operate such 
equipment with any of the power sources out-
lined above would require a considerable 
amount of rebuilding. This can be obviated by 
using a rotary converter capable of changing 
the d.c. from 6-, 12- or 32-volt batteries to 
110-volt 60-cycle a.c. Such converter units 
are built with output ratings ranging from 40 
to 300 watts. 
The conversion efficiency of these units aver-

ages about 50 per cent. In appearance and oper-
ation they are similar to genemotors of equiva-
lent rating. The over-all efficiency of the con-
verter will be lower, however, because of losses 
in the a.c. rectificer-filter circuits and the neces-
sity for converting heater as well as plate power. 
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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. 

wow Current Drain In Me. 

Eveready Lb. Oz. 5 10 15 

690 

20 25 30 40 50 60 75 100 150 

386 14 — 2000 1100 510  400 320 200 170 130 100 50 30  
20 

486  13 5 1700 880 550 395 300 240 165 125 100 70 45 

586  12 2 1400 800 530 380  260 185 130 85 60 40 30 14 

585 8 13 900 450 290 210  130 100 60 45 25 20 11 5 

762 3 3 320  
320 

140 91  54 37 27 — — — — — — 

482 2 — 140 81 54  37 27 — — — — — — 

738  1 2 160 70 30 20  10 7 — — — — — — 

733 — 10 50 20 11   

4551 — 8.6 70 20 11 

'Same life figures apply to 467, 671/2 -volt, 10.5 on. 

Estimated to 1-volt end-point per 1.5-volt unit. 
Based on intermittent use of 3 to 4 hours daily. 
(For batteries manufactured in U. S. A. only.) 

MaTnufacturer's 
ype No. We ght Voltage Current Drain in Ma. 

Eveready  Lb. Oz. 50  60 120 150 175 180 200 240 250 300 350 

A-1300  8 4 
. 

1.25 2000 1715 1500 1333 1250 1200  
775 

1000 854 

740  6 12 1.5 
1100 750 

1400 1200 1050 625 

741+ 2 14 1.5 375 300 275 215 
135 

175 

743 2 1 1.5 750 325 245 180 110 

7111  2 2 1.5 700 320 200 120 
100 

90 
50 

742  1 6 
8 

1.5 500 325 155 135 95 85 

A-2300  15 2.5 
240 

2000 1715  1500 1333 1250 1200 1000 854 

723  1 3.0 100 70 40 30 

746  1 3 4.5 200 . 

7183 3 6.0 375 

'Same life figures apply to 745, wt. 3 lbs. 'Same life figures apply to 747, wt. 3 lbs. 

TABLE II-GASOLINE-ENGINE-DRIVEN GENERATORS, AIR-COOLED 

Manufacturer Output Weight Starter 

Push-button 

Push-button 

Elan Kato Onan Ploneer Volts Watts Lbs. 

3AP63 BD-63 
110 a.c. 
or 6 d.c. 

300 
200 

100 

JR-352 110 a.c. 300 65 

JRA-33 110 a.c. 350 65  Rope crank  

Push-button 
19-A 

110 a.c. 
or 6 d.c. 

350 
200   95 

91 358 ,3 115 a.c. 350 Push-button 

JR-103 110 a.c. 400 — Rope crank 

SU 110 a.c. 500 165 Push-button  

Push-button 
23A 

110 a.c. 
or 6 d.c. 

500 
200 

105 

6AP1 14A BA-6, 110 a.c. 600 135 Push-button  

7L3 115 a.c. 750 195 Push-button 

10AP1 10L3+ BA-10, 110 a.c. 1000 170 Push-button  
Manual  

26A 110 a.c. 1000 265 

OTC ' 110 a.c. 1500 135 Manual  

BA-15 110 a.c. 1500 365 Push-button 

Also available in remote-control models. 
Intermittent-duty model. 

Also available in manual-started type. 
+ 115-volt output; weight 200 lbs. 
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TABLE Ill—VIBRATOR SUPPLIES 

Manufacturer's Type Number Output 
Output 

American Television 
and Radio Co. 

Electronic 
Labs Mallory Radiad Volts Ma. 

Recliner Filter 

VPM-F-7 90 10 Syn. Yes 

VP-551 1 125-150- 
175-200 100 max. Syn. No 

4201B, 250 50 Syn. Yes 
VP-540 250 60 Syn.  

Syn. 

Yes — 
4204P 100-150- 

250 
35-40- 

60 
yes 

605 150-200- 
250-275 

35-40-
50-65 Syn. No 

604, VP-552' 225-250- 
275-300 

50-65-
80-100 Syn. No 

150-200- 35-40-
4201 6 250-275- 50-70- Syn. No 

300 100 
251 1 300 100 Tube Yes 

VP-555 300 200 Tube Yes 

VPM-68 311' 250-275- 
300-325 

50-75- 
100-125 Tube Yes 

VP-557 400 150 Tube Input cond. 

4202D300- 
400 

200- 
150 Tube Yes 

60610 

325-350- 
375-400 

and 110 a.c. 
60 cycle 

125-150- 
175-200 
 20 watts 

Tube Input 
condenser 

All inputs 6.3 volts d.c. unless otherwise no ed. 

1 VP-553 same with tube rectifier. 
In weatherproof case. 420182 same with tube rectifier. 
1180-cycle vibrator, lightweight. 4204 same without niter. 
4 601 same with tube rectifier; 602 same except 12 y. d.c. Input 

end tube meted; 603 same except 32 v. d.c. Input and tube 
rectifier. 
, VP-554 same with tube rectifier; VP-G556 same except 12 y. 

d.c. input; VP-F558 same except 32 v. d.c. input. 

4200D same will tube rectifier; 4200DF same with tube 
rectifier and output filter. 

551 same with 12 v. d.c. input. 
° Also available without niter. 
9 511 same except 12 v. d.c. input. 
Plnput 6 v. d.c. or 110 y. a.c., 607 same except 12 v. d.c. or 

110 v. a.c. input; 608 same except 32 v. d.c. or 110 v. a.c. input; 
609 same except 110 y. d.c. or 110 v. a.c. input. 

TABLE IV—DYNAMOTORS 

Manufacturer's Type No. Input Ou 

Volts 

put 

Ma. 

Weight 

Lbs. Carter Eicor Pioneer • Volts Amps. 

135A 6  
6  
6 

1.8 135 30 6y2 

180A 2.2 180 30 61/2  
240A 3.3 200 40 61/2  

210A 6 6.3 200 100 61/2  

220A 6 13 200 200 61/2  

250A 102, El W2726 6 5 250 50 61/2  • 

251A El W3391 6 9 250 100 6y2 

277A 
1066 E2W351 , 

6 6 275 75 61/2  

301A 6 9.7 300 100 61A 

315A 1586 E2W2436 6  
6 

15  
19 

300 150 7% 
320A RAOW158, 300 200 gy2 

351A 6 10 350 100 61/2  

355A  
352A 

108 E2W256" 6 15 350 150 7Ye 
6  
6 

22 350 200 gy2 

401A 13 400 100 7Ve 
E2W438 6 14.2 400 125 gys 

415A  
420A 

1098 6 20 400 150  
200 

734  
91/2  6  

6 
25  
30 

400 

425A RAI W201' 400  
400 

225  
250 

aph 

450A 11010 6 33 91,4 

E3W413  6 15 500 100 11 

515A  
520AR 

111 ,, 6 24  
33 

500 150 91/2  

RAI W189" 6 500 200 — 

• 'Input current 4.6 amp.; wt. 4% lbs. 
Wt. 71/2  lbs. 

'Input current 7.5 amp.; wt. 71/2  lbs. 
Wt. 5 lbs. 

Wt. 9/4 lbs. 
'Input current 14 amp.; wt. 57/4 lbs. 
7 Wt. 16 lbs.; input curre t 18 amp. 
"Input current 17 amp. 

° Wt. 171/2  lbs.; input cu rent 25 amp. 
"Input current 27.5 amp.; wt. 75/8 lbs. 
" Input current 21.5 amp.; wt. 75/8 lbs. 
" Input current 27 amp.; wt. 17 1/2 lbs. 
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tf. Construction of Power Supplies 

With the possible exception of control sta-
tions, which in many instances will be installed 
at locations where emergency power already is 
provided for, WERS stations will have to be 
furnished with a type of power supply inde-
pendent of the a.c. mains. The 6-volt automo-
bile-type storage battery is by far the best 
choice for primary power, and while dyna-
motors, genemotors, converters, and complete 
vibrator-type "B" supplies cannot now be 
purchased new, it is not difficult to remodel an 
old receiver-type power transformer for use in a 
vibrator supply. Furthermore, the power sup-
ply in a car radio receiver can be pressed into 
service if necessary. Aside from the vibrator 
and transformer (and rectifier tube, if one is 
used), most of the components can be found in 
old b.c. receivers or existing amateur equipment. 

12 

oTSIL,A.C. 

VI B 

RFC, 

Fig. 1640 — Combination 115-volt and battery supply. 
CI — 0.5-pfd. paper, 50-volt rating or higher. 
C2 —  0.005 to 0.01 pfd., 1600 volts (see text). 
— 0.01-pfd. 600-volt paper. 

C4— 8-pfd. 450-volt electroly tic. 
C5— 32 -pfd. 450-volt electrolytic. 
Co— 100-ppfd. mica. 
Li — 10-12 henry 100 ma. filter choke, not over 100 

ohms (Stancor C-2303 or equivalent). 
RI — 5000 ohms, %. or 1-watt. 
RFQ — 55 turns No. 12 on 1-inch form, close-wound. 
RFC2— 2.5-mh, ri. choke. 
Si — S.p.s.t. toggle switch, heavy duty (10-12 amp.). 
S2 — S.p.s.t. toggle switch. 
F — 15-ampere fuse. 
VIB — Mallory 500P, 294, etc. 

Special vibrator transformer with 115-volt and 
6-volt primaries, to give approximately 300 volts 
at 100 ma. d.c. (Stancor P-6166 or equivalent). 

Ta — 6.3 -volt filament transformer, to be used when 
6.3-volt filament winding on Ti will not supply 
all heaters in both transmitter and receiver. 

X — Insert a series resistor of suitable value to drop the 
output voltage to 300 at 100-ma, load, if neces-
sary. If transformer gives over 300 volts d.c., a 
second filter choke may be used to give addi-
tional voltage drop as well as more smoothing. 

Nara All ground connections should be made to a 
single point on the chassis. 

It must be emphasized again that no de-
pendence should be placed on the continuance 
of power from the ordinary 115-volt lines dur-
ing an emergency. An a.c. supply can be used 
for routine testing, of course, and also during 
an actual emergency so long as the line power 
lasts, but some independent source of power 
must be available. 
Combination supplies — In a vibrator sup-

ply built from individual components it is nec-
essary to filter out hash and to adjust the 
wave-form to minimize sparking at the vibra-
tor contacts. When such a supply is built 
around a manufactured transformer it is ad-
visable to use the type which has both 115-volt 
and 6-volt primaries, thereby making an 
a.c.-d.c. supply which uses the minimum of 
parts for both purposes. Such transformers 
have been made in various ratings. A suitable 
circuit diagram is given in Fig. 1640. 
The "interrupter" type of vibrator, or one 

which does not also have synchronous contacts 
for rectifying the high voltage, is used in this 
circuit in preference to the synchronous type, 

since the rectifier tube is 
needed for straight a.c. opera-
tion. The change between a.c. 
and battery supply is made by 
providing duplicate rectifier 
and output sockets, the heater 
voltage being supplied by the 
transformer in the one case 
and by the storage battery in 
the other. Switches could be 
used for the same purpose. 
"A" in the diagram indicates 
that the ungrounded heater 
lead on one 6X5 rectifier sock-
et is connected to the un-

grounded side of the filament winding for a.c. 
operation, and "B" that the same lead on 
the other socket is connected to the un-
grounded battery lead. All other connections 
on the two sockets are paralleled. If the 6.3-
volt filament winding is not rated for the total 
heater load, another 6.3-volt transformer may 
be used as shown. 

Getting the right capacity for the buffer con-
denser, C2, is of first importance. Under no cir-
cumstances can this condenser be omitted, 
since without it there will be excessive sparking 
at the vibrator contacts and the vibrator life 
will be short. Proper values usually are be-
tween 0.005 and 0.01 pfd., the condenser being 
rated to withstand at least 1600 volts. The op-
timum value of capacity can be determined by 
trial, observing the vibrator sparking as the 
capacity is changed. For this purpose it is ad-
vantageous to use the type of vibrator which 
is mounted in a large tin can since this type is 
easily taken apart, the top and base being held 
together by a few spots of solder which can be 
easily softened. The more compact type hav-
ing a narrow metal can crimped around a 
bakelite base can be pried apart, but this type 
is difficult to reassemble. 

OUTPUT 
A.0 SUP. 

OUTPUT 
BAT SUP 
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Fig. 1641 — Proper operation of the vibrator supply 
is indicated when an oscillogram such as is shown above 
is obtained with the vertical plates of the oscilloscope 
connected across the total primary winding. The dashed 
reference line in the center will not appear on the screen. 

When the system is operating properly there 
should be practically no sparking at the vibra-
tor contacts. There may be an intermittent 
spark of small amplitude, barely visible in day-
light, but nothing resembling a continuous 
arc. A further check on the operation can be 
secured with an oscilloscope having a linear 
sweep circuit that can be synchronized with 
the vibrator. The vertical plates should be con-
nected across the outside ends of the trans-
former primary winding to show the input volt-
age waveshape. Fig. 1641 shows an idealized 
trace of the optimum waveform when the 
buffer capacity is adjusted to give proper op-
eration throughout the life of the vibrator. The 
horizontal lines in the trace represent the volt-
age during the time the vibrator contacts are 
closed, which should be approximately 90 per 
cent of the total time. When the contacts are 
open the trace should be partly tilted and partly 
vertical, the tilted part being 60 per cent of the 
total connecting trace. The oscilloscope will 
show readily the effect of the buffer capacity on 
the percentage of tilt. In actual patterns the hor-
izontal sections are likely to droop somewhat 
because of the characteristics of the vertical 
amplifier in the 'scope and 618o because of the 
resistance drop in the battery leads as the cur-
rent builds up through the primary inductance. 
The 5000-ohm resistor in series with the 

buffer condenser in the diagram limits the sec-
ondary current in case the condenser fails. 

R.f. filters for reducing hash are incor-
porated in both primary and secondary 
circuits. The secondary filter consists 
of a 0.01-pfd. paper condenser directly 
across the rectifier output, with a 2.5-
mh. r.f. choke in series ahead of the 
smoothing filter. In the primary circuit 
a low-inductance choke and high-
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, prefer-
ably, and No. 14 as a minimum. Man-
ufactured chokes such as the Mallory 
RF583 are more compact and give higher in-
ductance for a given resistance because they 
are bank-wound, and may be substituted if 
obtainable. C1 should be at least 0.5 I.tfd.; 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 ad-
visable. The transformer case, vibrator case 
and metal shell of the tube all should be 
grounded to the chassis. If a glass tube is used 
it should be enclosed in a tube shield. The 
battery leads should be evenly twisted, since 
these leads are more likely to radiate hash 
than any other part of a reasonably well-
shielded supply. A little care in this respect 
usually is more productive than experimenting 
with different values in the hash filters. 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-aufd. mica condenser, C6, connected 

from the positive output lead to the "hot" side 
of the "A" battery, may be helpful in reducing 
hash in certain power supplies. A trial is neces-
sary 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 likewise 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 pfd. 
Rewinding transformers — Those • who 

cannot get either complete vibrator assemblies 
or special transformers, or who want to assem-
ble a vibrator supply at the least possible ex-
pense, can find many of the necessary parts 
in old broadcast receivers. A power transformer 

T1 

vis 

RFC 

6X5 

Fig. 1642 —Vibrator power-supply circuit diagram. 
Except for Ti and Tx, all components are identical 
with those of Fig. 1640. Ti may be either a regular 6-volt 
input vibrator-type power transformer or a home-altered 
115-volt receiver transformer as described in the text. 
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with a 100-milliampere secondary is needed; 
the voltage rating should be 350 or so with any 
transformer of this type, but the exact value 
does not matter too much. The high-voltage 
secondary must be in good shape. Pick out a 
transformer with a case — one of the "fully 
shielded" type — but not one immersed in 
pitch. The receiver usually will have a filter 
choke or two as well as filter condensers which 
may be usable. 

Before dismantling the transformer, measure 
the output voltages of the windings if these are 
not already known. This will require a multi-
range a.c. voltmeter. If the builder does not 
have such an instrument, the measurements 
can be made by a radio repairman or at the 
local parts store. 
Next take the transformer apart, being care-

ful to avoid damaging the windings or bending 
the core pieces.. The filament secondaries are 
nearly always on the outside of the coil as-
sembly, so remove the outer layers of paper to 
expose the uppermost filament winding. Count 
the number of turns and divide this figure by 
the output voltage of the winding to find the 
number of turns per volt. Most small trans-
formers have about three turns per volt. Make 
a note of the exact figure and then remove the 
remaining filament secondaries, leaving only 
the primary and high-voltage secondary. 
When this has been done, slide one of the 

core pieces inside the coil and see how much 
space has been made available by removing 
the low-voltage secondaries. The battery pri-
mary to be put on will not have many turns, 
but the wire should be large to keep the losses 
low, so generally two layers will be required. 

Fig. 1643 — Below-chassis view of a storage-battery 
power supply using a rewound transformer. The circuit 
is given in Fig. 1642. The various components can be 
easily recognized in this view. The transformer, vibrator 
and rectifier tube are mounted on top of the chassis. 

The current to be carried will be in the vicinity 
of 8 amperes at full load, but since the primary 
is to be center-tapped each half of the winding 
carries current only half the time. Thus the 
heating effect is equivalent to 4 amperes. No. 12 
wire is suitable, but is probably more conserva-
tive than is necessary; No. 14 will not get too 
warm and the losses should not be appreciably 
greater. It would not be advisable, however, to 
use smaller wire than No. 16, and that size 
only when a larger size will not fit the space. 
If the space still is too small, remove the 115-
volt primary. 

If the normal transformer output was about 
300 volts at 100 milliamperes through an ordi-
nary filter (this should be ascertained before 
taking the transformer apart, by hooking up a 
power supply and making a d.c. measurement) 
it is useful to save the old primary if possible, 
since such a transformer can be used for a com-
bination a.c.-battery supply. However, it does 
not pay to save the old 115-volt primary at the 
expense of using too-small wire on the 6-volt 
primary; the efficiency and regulation will be 
better with larger wire sizes. 
Whether the old primary is inside or outside 

the high-voltage secondary is a matter of 
chance. If the old primary is on the inside and 
it is necessary to remove it, the job can be done 
by pulling the outermost layer through the 
side of the assembly, after which the rest can 
easily be unwound. One half of the new pri-
mary should be wound directly on the insulat-
ing sleeve into which the core fits, then the 
high-voltage secondary slipped over it, and 
finally the second half of the new primary 
wound on top. Both halves should be wound in 
the same direction so that the end of the first 
half can be conneâted to the beginning of the 
second to give a center tap with the proper 
polarities. If separate leads are brought out 
from each half (this is usually the most con-
venient method) it is easy to check the polari-
ties after the transformer is reassembled. Con-
nect two leads together for trial, then apply 
115 volts across the high-voltage winding. 
If the voltage across the outer ends of the 
new winding is twice the voltage across each 
half, the polarity is correct. A filament volt-
meter should be used for this check, since the 
voltage is low. 
To obtain 300 volts at the rated current of 

100 ma. from the supply, using a 6X5 rec-
tifier and a filter having a choke with a re-
sistance of about 100 ohms, the secondary/pri-
mary turns ratio should be 70:1, assuming an 
even 6 volts from the storage battery. Multiply 
the original a.c. output voltage of the high-
voltage secondary by the number of turns per 
volt to find the total number of turns, then 
divide the product by 70 to find the proper 
number of turns for the primary. For example, 
if the output voltage was known or measured 
to be 750 volts a.c. (375 each side of center-tap) 
and the transformer had three turns per volt, 
the total number of secondary turns is 750 X 3, 
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or 2250. Dividing 
2250 by 70 gives 32 
(dropping the frac-
tion) as the total pri-
mary turns, or 16 each 
side of the center-tap. 
The new windings 

should be sufficiently 
well insulated so that 
there is no possibility 
of a short-circuit to 
the core or secondary, 
but otherwise no 
special precautions 
are necessary since 
the voltage is low. 
Reassemble the trans-
former, interleaving 
the laminations. It is 
advisable to use no 
more than two lami-
nations on a side be-
fore interleaving from 
the other side, but it 
is not necessary to interleave them singly. With 
careful packing it should be possible to get 
back all of the core pieces. 
Once the transformer is rebuilt, the remain-

der of the supply is constructed and adjusted as 
previously described. If the job has been done 
properly the efficiency should be about normal 
for vibrator supplies. Individual transformers 
have been found to vary somewhat, in that for 
an output of 100 ma. at 300 volts the battery 
current ranges from 7.5 to 9 amperes with the 
different units. This does not include the cur-
rent taken by the rectifier heater. Because of 
this current and the power loss in the plate'. 
cathode circuit of the rectifier tube, the over-all 
efficiency of the tube rectifier type of supply is 
not quite as high as with the synchronous vi-
brator. With no load on the supply the battery 
current should be about 1.5 amperes. 
Low-voltage supply — A vibrator supply 

for operation at lower voltage (in the vicinity 
of 200 volts d.c.) is shown in Figs. 1644 to 1646. 

liSv. 
Primary 
not used 

RFC, 

EN. BAR 

Fig. 1644 — A view inside the vibrator-type power-supply unit shom n assembled in 
Fig. 1632. 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. 
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This is especially suitable for use with the 
transceiver previously described when a 6J5 
oscillator tube is used, or for commercial dry-
battery transceivers modified to permit con-
necting an external power supply. 
The transformer is a universal replacement-

type unit having a d.c. output, when operated 
from 115 volts a.c., of about 70 ma. at 250 to 
300 volts, and provided with 6.3-, 5- and 2.5'. 
volt filament windings. The circuit is much the 
same as in the case of the homemade units just 
described. As shown in the circuit diagram, 
Fig. 1645, the filament windings on the trans-
former are used in the battery circuit; the 6.3-
volt winding provides one side of the battery 
primary, and the other side consists of the 5-volt 
winding in series with half the 2.5-volt wind-
ing. This method gives lower output voltage 
than can be obtained with a properly propor-
tioned primary, but avoids the inconvenience 
of rewinding the transformer. The output 
voltage is about 200 with a load of 60 ma. 

Before the battery primary is permanently 
connected, the proper polarities of the filament 
windings must be determined. Apply line 

R F C 2 t, 
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Fig. 1645 circuit diagram of the low-
voltage vibrator-type power-supply unit. 
Ci — 0.5-pfd. paper, 200 volts. 
Ca — 0.008-idd. paper, 1600 volts. 
Cd — 0.01-51d. paper, 600 volts. 
C. — 8-nfcl. electrolytic, 300 volts. 
Cd ••••• 16- to 32-iifd. electrolytic, 300 volts. 
Ce 100-pmfd. mica. 
Ri — 5000 ohms, 1 watt. 
Li — 10-henry 60-ma filter choke. 
RFC]. — 52 turns of No. 12, close-wound 

on 1-inch diameter form. 
RFC2 — r.f. choke. 
Ti — Power transformer. 300 volts each 

side of c.t., 60 to 70 ma.; with 
6.3-, 5- and 2.5-volt windiuga-
115-volt primary is unused-

F 10-ampere fuse. 
VIB — Vibrator (Mallory 294, etc.). 
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16 46 — I Iah and smoothing filter caimponents are mounted in the bottom of the 
low-voltage vibrator power supply. The 4-prong outlet socket is mounted on the side. 

voltage to the regular 115-volt primary and 
connect the 6.3- and 5-volt windings in series. 
Measure the total voltage across the two. If it 
is something over 11 volts the polarity is cor-
rect, but if the voltage is very low the connec-
tions to one of the windings should be reversed. 
Then add half the 2.5-volt winding to the 5-
volt winding and measure the voltage across 
these two in series. It will be between 6 and 7 
volts when the polarities are correct. The con-
nection between the 6.3- and 5-volt windings 
becomes the center-tap of the battery primary, 
as shown in the diagram. 

All the components in the supply with the 
exception of the 4-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 53 inches) just large enough to 
contain the equipment. The Masonite shelf 
rests on 8%-inch square blocks, 1 % inches long, 
glued to the corners of the box at the bottom. 
The top and bottom of the box are removable. 
To provide shielding and thus reduce hash 
troubles, the box is covered with thin iron 
salvaged from 5-quart oil cans. Where the 
edges bend around the box to make a joint, the 
lacquer is rubbed off with steel wool so the 
pieces make electrical contact, and the metal 
is tacked to the plywood with escutcheon pins. 
To make sure that the shielding will be 

complete, the top and bottom of the box slide 
into place from the side, with the metal cover-
ing extending out so that it fits tightly under a 
lip bent over from the metal on the sides. 
These lips also are cleaned of lacquer to permit 
good electrical contact. The general construc-
tion should be quite apparent from the photo-
graphs. The bottom is provided with rubber 
feet, and the top has a small knob at each end 
so that it can be 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. 

Antenna Systems 

In many cases, 
particularly at control 
stations, it will be 
necessary to use non-
directive antennas be-
cause of the necessity 
for working field sta-
tions at random 
points of the compass. 
At field stations 
which normally work 
with only a single con-
trol station, however, 
it may be advanta-
geous to use a simple 
form of directive array. 
The power gain will be 
worth while in better-
ing the signals in both 
directions, and in ad-
dition will minimize 

interference to and from other networks. The 
simpler forms of antennas described in Chap-
ters Ten and Seventeen are quite suitable for 
WERS work. 
More important, perhaps, than the antenna 

itself is its location. Every effort should be 
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 
horizontal, 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 in WERS, and 
are very simple types to construct. Design de-
tails 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 fre-
quency. If the same antenna is to work on 
several frequencies, the length had best be 
chosen midway between the two extremes. 
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 
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line is ideal for working 
into the center of a half-
wave antenna, but there 
is little likelihood it can 
be obtained except in iso-
lated instances. The al-
ternative 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 radia-
tion 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 re-
quires a fairly large num-
ber of spacers — at inter-
vals of perhaps- three to 
four feet. Lacking more 
suitable materials, the 
spacers may be made of 
two-inch lengths of quarter- or half-inch wooden 
dowel or cut pieces of square section (preferably 
of maple), boiled in paraffin to make them water-
proof. In paraffining the wood, take care that 
the temperature does not get high enough to 
scorch it. Such spacers will provide adequate 
insulation at the power levels permitted for 
WERS transmitters. Spacers may also be cut 
from scrap bakelite panels. 
To make such a line non-resonant 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. 1647. 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 thus 
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 tun-
ing 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, con-

Fig. 1647 — lhree-wire 
folded-doub et antenna 
for matching a 600-
ohm line. The three 
conductors are con-
nected together at the 
ends, as indicated. 
They may be made of 
wire, rod or tubing, 
and can be mounted 
on stand-off insulators 
on a wooden support. 

hsuiatoe 
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nected in series with one side of the line right 
at the transmitter terminals, 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 bril-
liancy is obtained. 
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 antenna 
switch should be combined mechanically with 
the power-supply change-over switches for the 
transmitter and receiver so that all the neces-
sary switching from transmission to reception 
can be done in one simple operation. 
Mobile antennas — It is probable that 

most WERS networks will have one or more 
stations installed in cars, for dispatching to 
points which may be in urgent need of com-
munication. The equipment previously de-
scribed 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, to-
gether with a switch to cut the power from the 
receiver when the transceiver is in use. 
As in the case of antennas for the fixed sta-

tions, it is important that the car antenna be 
mounted as high as possible, to avoid screening 
effects of the car and to give maximum range. 
If the antenna cannot be mounted so that it is 
entirely above the top of the car, it can still be 
made to have a major portion of its length 
above the roof. Roadsters and coupés have a 
convenient spot fd'r mounting the antenna on 
the deck in back of the rear window. The 
lead-in can be brought into either the luggage 
compartment or the driver's seat, depending 
upon the location of the radio gear. Sedans lend 
themselves more readily to mounting the an-
tenna alongside the hood, or on the roof. 

Either a quarter- or half-wave antenna may 
be used, depending upon conditions. The 
greater length of the latter will lead to better 
results, if the installation can be made con-
veniently. Flexible metal rod is generally used, 
so that the antenna will be self-supporting. 

Fig. 1648 — Two quarter. 
wave antenna systems for 
112-Mc, mobile operation. 
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Fig. 1649—Two half-wave 
antenna systems for 112-Mc. 
mobile operation. If an un-
grounded coaxial-line feed is 
used (left) the line must have 

48' low losses, because of the 
standing waves which are 
present in a tuned system of 
this type-

inside:Ito 

Coarz011ine,uneousded 

441. 

If a half-wave antenna is mounted on the 
side of a car, some of it will extend above the 
roof and thus it will give better results than a 
quarter-wave antenna similarly placed. The 
two methods of feeding shown in Fig. 1649 
are probably the most convenient. Both sys-
tems use tuned feed lines, and thus require a 
tuning system at the transmitter end. 

Since a quarter-wave antenna normally is 
supported at a low-voltage point, hard rubber 

insulators are satisfactory. 
However, a half-wave anten-
na will usually be supported 
at a high-voltage point and 
thus requires good insulation 
for best efficiency. Ceramic 
insulators usually can be ob-

tained to fit any case. It is wise not to skimp 
on size because of the greater chance of break-
age with the smaller units. The feed-through 
types and the stand-off types with metal base 
rings are least likely to break. 

For a solid but easily detachable mounting, 
the arrangement shown in Fig. 1650 is sug-
gested. It is held in place by a panel of wood, 
cut to the shape of the window, 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, shown in Fig. 1651. This 
type of installation places the radiator proper 
above the roof of the car, and has the advan-
tage that it can be readily removed from the 
car when not in use or when needed elsewhere. 
The unit shown is built of )4.-inch plywood, 

since the usual thickness of the window glass in 
cars is j inch. Run 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 this 
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 to 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 piece. 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 outside pieces, a yoke to keep the as-
sembly in the proper 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 out through holes in the wood. 

/nsulater 

NI 18 

If a quarter-wave antenna is to be mounted 
permanently on the car it should be located on 
the roof, otherwise it is likely that the radiation 
pattern will be quite irregular. The resulting 
directional effects will be a help on some occa-
sions but a definite hindrance on others. The 
antenna can be fed by a tuned line or by a 
coaxial line, as shown in Fig. 1648. The coaxial 
line feed can be checked by observing its de-
tuning effect on the transmitter — a good 
match will have been obtained when the de-
tuning is a minimum. The antenna length 
should be about 22 to 24 inches, and this length 
and the capacity of the condenser should be 
varied until connecting the other end of the 
line to the transmitter causes a minimum of 
frequency change. Loading is controlled at the 
transmitter by adjusting the coupling coil, not 
by varying the condenser at the antenna. The 
coaxial line can be of the 70- or 100-ohm type. 

Fig. 1650 — A J-type antenna for 112-M c, mobile oper-
ation can be mounted easily in the window of a car, al. 
lowing the radiator proper to he placed above the roof 
of the vehicle. The dimensions are given in Fig. 1651. 
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Fig. 1651 — Construc-
tional dimensions of 
the J-type window an-
tenna for mobile use 
pictured in Fig. 1650-

/VO. /Er Sp.lead 
2' .wchas or le'a 

The antenna and matching-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 same lines, with bars of heavy 
metal on both sides of the clamp loops. 

11 Frequency Measurement 

Under the WERS regulations provision must 
be made for measurement of frequency of the 
transmitters in the network, and for checking 
the carrier stability to make sure that the fre-
quency deviation does not exceed that per-
mitted in the section of the band in which the 
transmitter operates. 

Probably the simplest means of measuring 
frequency is the Lecher wire system, which is 
a pair of parallel bare wires to which the trans-
mitter or receiver can be coupled. The parallel 
wires form a transmission line along which 
standing waves appear, and the distance be-
tween consecutive current loops along the line 
gives the wavelength directly. 
The Lecher wire line should be at least a 

wavelength long that is, 9 feet or more — 
and should be entirely air-insulated except 
where it is supported at the ends. The wires 
can be stretched tightly between any two con-

venient supports. The spacing between wires 
should be about an inch to an inch and one-
half. The positions of the current loops are 
found by means of a "shorting bar," which is 
simply a metal strip or knife edge which can be 
slid along the line to vary its effective length. 
Building a Lecher-wire system— The 

wires can be used more conveniently and with 
greater accuracy if they are mounted up in 
fairly permanent fashion and provided with a 
shorting bar maintained at right angles to 
them. The construction shown in Figs. 1652 
and 1653 requires a little time but the cost is 
negligible, and both are well repaid in oper-
ating ease. The support consists of two 12-foot 
pieces of "1 by 2" (actually about 34 X 1% 
inch) pine fastened together with wood screws 
to form a T girder, this arrangement being 
used to minimize bending of the wood when 
the wires are tightened. The anchors at the ends 
are also "1 by 2", cut and screwed together 
to make a block. The feet at each end keep the 
assembly from tipping over when in use. The 
wires terminate in airplane-type strain in-
sulators at one end, and at the other in small 
turnbuckles for taking up the slack. The wire 
is bare solid copper antenna wire (hard-drawn) 
of about No. 16 gauge. The turnbuckles are 
held in place by a x 2-inch bolt through the 
anchor block. This end of the line is thus short-
circuited; it does not matter whether it is open 
or shorted, since the other end is the one con-
nected to the pick-up loop. 
The slider, also made from pieces of "1 by 2", 

serves the double purpose of holding the short-
ing bar and acting as a guide to keep the wire 
spacing constant. 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. At the back is a horizontal strip 
of bakelite to keep the wires pressed close to 
but not actually touching the shorting bar. 
This allows the block to slide freely, the wires 
being pressed down on the bar only when an 
actual reading is to be taken. A small piece of 
wood held in the hand can be used: it is an easy 

Fig. 1652 — 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. 
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Fig. 1653 —One end of a typical Lecher-wire system. Turnbuckles 
are used for maintaining tension. The shorting bar is of brass with a 
sharp edge for better contact and more precise indication; the wooden 
slider keepts it at right angles to the wires. A horizontal strip of bakelite 
at the back of the slider keeps the wires tight against the shorting bar. 

matter to regulate the pressure so that free 
movement is secured. A spring device could be 
arranged for the same purpose. 
As it is convenient to measure lengths di-

rectly in the metric system used for wave-
length rather than in inches, the top of the 
T beam is marked off in decimeter (10-
centimeter) units. A 10-centimeter transparent 
scale (obtainable at 5 & 10 cent stores) can be 
cemented to the slider, extending out from the 
front, so that readings can be taken to the 
nearest millimeter. The difference between any 
two readings gives the half wavelength directly. 
The T beam will tend to bow outward if 

the turnbuckles are tightened too much, which 
will bend the scale slightly out of parallel with 
the wires. It is best to use just enough tension 
to keep the wires fairly taut, but not enough to 
put an appreciable bend in the wooden mem-
ber. This makes the slide move more freely and 
also helps avoid small errors in measuring. 
Making measurements — Resonance indi-

cations can be obtained in several different 
ways. Let us suppose the frequency of a trans-
mitter is to be measured. A convenient and 
fairly sensitive indicator can be made by 
soldering the ends of a one-turn loop of wire, of 
about the same diameter as the transmitter 
tank coil, to a low-current flashlight bulb, then 
coupling the loop to the tank coil to give a 
moderately-bright glow. A similar coupling 
loop should be connected to the ends of the 
Lecher wires and brought near the tank coil, 
as shown in Fig. 1654. Then the shorting bar 
should be slid along the wires outward from the 
transmitter until the lamp gives a sharp dip in 
brightness. This point should be marked (a piece 
of string can be tied on one of the wires) and 
the shorting bar moved out until a second dip is 

, - x 

obtained. Marking the second 
spot, the distance between the two 
points can be measured and will be 
equal to half the wavelength. If 
the measurement is made in 
inches, the frequency will be 

5906  
Fmc = 

length (inches) 

If the length is measured in meters, 

150  
Fm *c — length (meters) 

A frequency of 112 Mc. corre-
sponds to a length of slightly less 
than 52% inches (1.34 meters) and 
a frequency of 116 Mc. to 50 2%2 
inches (1.29 meters). 

In checking a superregenerative receiver, the 
Lecher wires may be similarly coupled to the 
receiver coil. In this case the resonance indica-
tion 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 obtained. As the 
coupling is loosened the resonance points will 
become sharper, which is a further aid to ac-
curate determination of the wavelength. 

In using the shorting bar, make sure that it 
is always 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 defi-
nitely 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 
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. 

1.1 

Fig. 1654 — Coupling the Lecher-wire system to 
a transmitter tank coil. Typical standing-wave 
distribution is shown by the dashed line. The 
position of the shorting bar at the current loops 
is indicated. X is equal to one-half wavelength. 
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When the frequency of an oscillator-type 

transmitter is given a final check, the antenna 
should be connected and the antenna coupling 
adjusted for normal operation. This is neces-
sary because the frequency will be affected by 
the antenna coupling, so that a measurement 
made without an antenna (or with a dummy 
antenna) will not necessarily hold when the 
actual antenna and transmission line are 
coupled to the transmitter. The resonance indi-
cator should be connected in series with the 
transmission line. If a flashlight bulb will not 
light under these conditions, a sensitive reso-
nance indicator consisting of a 112-Mc, tuned 
circuit connected to a crystal detector and 
low-range milliammeter will give excellent 
results. Such a device is described in Chapter 
Nineteen. Its use is illustrated in Fig. 1652. 
The measurement procedure involves very 

few additional operations. Tune the meter to 
resonance as indicated by maximum milli-
ammeter reading, then move it as far as pos-
sible from the transmitter while still getting a 
reading of the order of 25 per cent of maximum. 
Couple the loop at the end of the Lecher wires 
to the coil and take a trial setting of the short-
ing bar. The resonance point will be given by a 
sharp dip in the meter reading. Slow variations 
as the bar is slid along simply mean that some 
detuning of the circuit is taking place. The 
resonance dip will be quite pronounced and 
the bar should not have to be moved more than 
a half inch or so to go completely through it. 
Once the 'resonance point is identified, loosen 
the coupling until the dip is just a small down-
ward kick in the reading. From this point on, 
the measurement procedure is the same as 
before. By this method it is possible to avoid 
detuning of the oscillator by the Lecher wires, 
some amount of which usually takes place even 
with loose coupling when the line is coupled to 
the oscillator itself. This occurs because of the 
necessity for abstracting an appreciable amount 
of energy from the circuit to get a good reso-
nance indication from a flashlight lamp or 
similar device. With the crystal detector, it is 
possible to work at least a foot or two from 
even a low-power oscillator. 
'Other methods—Even under good condi-
tions, frequency determination by the Lecher 
wire method is subject to inaccuracy of the 
order of 0.1 per cent by the ,limitations of the 
means available for measuring length, as well 
as other small but avoidable errors. More ac-
curate measurements require more elaborate 
equipment, although not necessarily equip-
ment which is not already available or which 
cannot be constructed readily. 

At lower frequencies it is customary to em-
ploy an oscillator whose fundamental fre-
quency is such that harmonics appear at inter-
vals of some multiple of 100 kc., the harmonics 
being used to provide calibration points for a 
receiver or heterodyne frequency meter. Meth-
ods of construction and calibration are fully 
described in Chapter Nineteen. If a regular 

communcations receiver is so calibrated it can 
readily be used for checking the frequency of 
112-Mc. transmitters. A simple method, stig-
gested by WlEAO, is shown in block-diagram 
form in Fig. 1655. An auxiliary oscillator ca-
pable of tuning over the range 14-14.5 Mc. (not 
necessarily band spread tuning) is required. 
Any simple oscillator circuit may be used, and 
it may be operated at any convenient plate 
voltage from 100 volts upward. 
The method of measurement is as follows: 

Tune in, on the regular 112-Mc, receiver, the 
signal to be measured. Set the auxiliary oscil-
lator frequency so that its 8th harmonic is 
heard beating with the 112 Mc. signal. Adjust 
to zero beat. Then tune the communications 
receiver to the fundamental frequency of the 
auxiliary oscillator. Adjust the receiver to zero 
beat and read the frequency as accurately as 
possible from the calibration curve. Multiply-
ing this figure by 8 will give the 112-Mc, trans-
mitter frequency. 
Two initial precautions must be observed 

in using this method. First, it must be deter-
mined that the auxiliary oscillator is tuning 
over the 14-14.5 Mc. range. The chief cause of 
error here is the possibility of a spurious re-
sponse (such as an image) in the communica-
tions receiver, which would result in a mis-
leading frequency indication. For this reason 
the signal in the communications receiver 
must not be too strong. Only enough antenna 
should be used on the receiver to obtain a sig-
nal of moderate strength; in many cases no an-
tenna will be necessary. Second, ascertain that 
the 8th harmonic is the one actually being used 
by giving the 112-Mc, receiver or transmitter 
an initial check with Lecher wires. The 14-Mc. 
frequency is used so that there will be no pos-
sibility of getting the wrong harmonic after the 
112-Mc, band is known even roughly. The 
auxiliary oscillator dial should be marked with 
the 14- and 14.5-Mc. limits, so there will be no 
chance of tuning far off frequency and getting 
incorrect readings. 
With this method, the accuracy of measure-

ment depends upon the accuracy with which 
the auxiliary oscillator and communications 
receiver are set to zero beat, and on the accu-
racy of the receiver calibration. There should 
be no particular difficulty in securing an accu-
racy within 0.01 per cent with reasonable care. 
In zero-beating the oscillator harmonic to a 

14 — 14.5 mc 
OSCILLATOR Fundamental  

1.8th Ilarewnec 112-116 Mc 

2k-METER 
RECEIVER 

CALIBRATED 

COMMUNICATIONS 

RECEIVER 

Fig. 1655 — Block diagram showing use of a calibrated 
communications receiver and auxiliary 14-Mc. oscilla-
tor for checking frequency of 1.12-Mc. WERS stations. 
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112-Mc, signal when a superregenerative re-
ceiver is used on the latter frequency, a whole 
series of beat notes will be heard as the auxil-
iary oscillator frequency is varied. However, 
one of these will be much stronger than the 
others and represents the true beat; it will not 
be difficult to identify the proper one. 
Frequency-checking procedure - For the 

regular frequency-checking procedure, the 
best plan would seem to be to calibrate a band-
spread receiver at the control station, using 
whatever frequency-measurement means is 
available, and then by means of the receiver 
to measure the frequency of each transmitter 
on the air as it checks into the network in test 
periods. With relatively little initial cut-and-
try each station can be set on its proper fre-
quency, after which only minor adjustments 
should be necessary even over quite long peri-
ods of time. Under this plan the frequency 
checking actually is continuous, since a fre-
quency deviation in any of the transmitters re-
porting to the control station will instantly 
be observed because the transmitter will ap-
pear at a different setting of the receiver dial. 
The receiver calibration should be checked 

at regular intervals - once a month, or oftener 
if conveniént. This check should be made 
with the antenna connected to the receiver. 

In general, it will not be possible to check the 
control station frequency by means of a cali-
brated receiver in the same station - at least 
not with the simple receivers likely to be used. 
However, in this case it is not inconvenient to 
measure the frequency of the transmitter di-
rectly, using the primary means of frequency 
determination provided for the system. This 
check can be made before the transmitter goes 
on the air at each regular test period. 
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General Rules and Regulations Governing All Radio 
Stations in the War Emergency Radio Service 

(FEDERAL COMMUNICATIONS COMMISSION, WASHINGTON) 

Part 15.—Rules Governing War Emergency Radio Service 

DEFINITIONS 

15.1. War Emergency Radio Service. The term "War 
Emergency Radio Service" means a temporary radio com-
munication service intended solely for emergency communi-
cation in connection with the national defense and security. 

15.2. Civilian Defense Stations. The term "Civilian 
Defense Station" means a station operated by a municipal 
government for emergency communication relating directly 
to the activities of the United States Citizens' Defense 
Corps 1 or other equivalent officially recognized organization. 

15.3. State Guard Stations. The term " State Guard Sta-
tion" means a station operated by a State for communica-
tion in connection with the activities of the State Guard or 
equivalent officially recognized organization. 

15.4. Civil Air Patrol Stations. The term "Civil Air 
Patrol Station" means a station used exclusively for essen-
tial communications relating directly to the activities of the 
Civil Air Patro1.7 A civil air patrol station used on a 
mission for and under the direction and control of the 
military shall not be deemed subject to these rules. 

15.5. Control Unit. The term "control unit" means any 
station unit licensed in the War Emergency Radio Service 
and designated by the licensee, with the approval of the 
radio aide or communications officer, to direct the use and 
operation of other station unite of the same licensee which, 
together with the control unit so designated, constitute a 
cotirdinated communication system. 

APPLICATIONS 

15.11 Applications for Station License. Applications for 
authorizations in the war emergency radio service shall be 
submitted on the prescribed form.2 A blanket application 
may be submitted for an authorization to cover the opera-
tion of all fixed, portable, mobile, and portable-mobile trans-
mitters proposed to be used in a single coórdinated com-
munication system. 

OPERATING SPECIFICATIONS 

15.21. Frequencies. The following frequency banda are 
available for assignments to stations operating in the war 
emergency radio services: 

112,000-116,000 kc. 
224,000-230,000 kc. 
400,000-401,000 kc. 

15.22. Types of Emission. All stations in the war emer-
gency radio service are authorized to use the following types 
of emissions: A-0, A-1, A-2, A-3, or special for frequency 
modulation. 

15.23. Selection of Frequency. Licensees may select oper-
ating frequencies within the available bands provided the 
equipment is capable of meeting the frequency stability re-
quirements specified in Section 15.25. 

15.24, Non-exclusive Use of Frequencies. No licensee of 
any station in the war emergency radio service shall have 
the exclusive use of any frequency. In the event mutual 
interference occurs between stations operating simul-
taneously, the licensee shall coordinate the operation of 

1 The United States Citizens' Defense Corps is an organ-
ization of enrolled civilian volunteers established within the 
Office of Civilian Defense to implement the passive defense. 

2 FCC Form No. 455. 
7 The Civil Air Patrol is an organization established by 

the Director of the U. S. Office of Civilian Defense pursuant 
to Executive Order No. 8757, as amended. Further informa-
tion pertaining to the organization of the Civil Air Patrol 
can be obtained from the National Commander, Civil Air 
Patrol, Washington, D. C. To facilitate consideration of 
applications for such authorizations, they should be for-
warded first to the National Commander who in turn will 
submit them to the Commission, 

the stations so as to minimize interference, and make the 
most effective use of the frequencies available. 

15.25. Frequency Stability. (a) Transmitting equipment 
used in the war emergency radio service must be capable of 
maintaining the operating carrier frequency (without read-
justments during operation) within the limits set forth in 
the table: 

Operating frequencies Maximum 
within the bands (Kilocycles) deviation 
112,000-114,000  0.1 of one per cent 
114,000-116,000  0.3 of one per cent 
224,000-227,000  0.1 of one per cent 
227,000-230,000  0.3 of one per cent 
400,000-401,000  0.2 of one per cent 

(b) Notwithstanding the maximum frequency deviation 
permitted, all emissions, including those resulting from key-
ing or modulating a transmitter, shall be confined within the 
frequency band in which the transmitter is authorized to be 
operated in accordance with the provisions of Sec. 15.25 (a). 

(c) Spurious radiations shall be reduced or eliminated in 
accordance with good engineering practice. 

15.26. Frequency Measurement Procedure. The licensees of 
stations in the war emergency radio service shall provide for 
measurement of the transmitter frequencies, shall establish a 
procedure for checking them regularly and shall maintain 
adequate records of such measurements. The measurement 
of the transmitter frequencies shall be made by means inde-
pendent of the frequency control of the transmitter, and 
shall be of sufficient accuracy to assure operation within the 
maximum deviation permitted under Sec. 15.25. 

15.27. Changes in Equipment. The licensee of a station in 
the war emergency radio service may make any alterations 
in components of the licensed equipment that are deemed 
necessary or desirable unless specifically prohibited from 
doing so by the terme of the license, provided that: 

(a) All changes be made with the full knowledge and 
consent of the radio aide or the communications officer. 

(b) Emissions are not radiated outside the authorized 
frequency band. 

(e) The operating frequency does not deviate more than 
that specified in Sec. 15.25. 

(d) Plate power input does not exceed that authorized 
in Sec. 15.28. 

15.28. Power. (a) All stations in the war emergency radio 
service are authorized to use a maximum unmodulated 
power input of 25 watts to the plate circuit of the final am-
plifier stage of an oscillator-amplifier transmitter or to the 
plate circuit of an oscillator transmitter. 

(1) No station shall be operated at any time with a 
power in excess of that necessary to render satisfactory 
communication service. In no event shall operations be con-
ducted with power in excess of the authorized power or in ex-
cess of the maximum obtainable carrier power output of the 
transmitter consistent with satisfactory technical operation. 

15.29. Modulation Limits. (a) The transmitted carrier of 
stations in the .war emergency radio service using amplitude 
modulation shall be modulated not more than 100%. 

(b) The transmitted carrier of stations in the war emer-
gency radio service using frequency modulation shall be 
modulated so that the total frequency swing arising from 
modulation shall not exceed 100 kilocycles. 

15.30. Who May Operate Stations. All stations in the war 
emergency radio service shall be operated only by a radio 
operator holding a valid war emergency radio service oper-
ator permit, provided, however, that when such stations use 
radiotelephony, the licensee may permit such persons as the 
radio operator deems essential to the emergency, to trans-
mit by voice, on condition that the duly licensed operator 
maintains control over the transmission by listening and 
turning the carrier on and off when required, and signs the 
station off after the transmission has been completed. 
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15.31. Logs. The station licensee shall maintain written 
records concurrently with the operation of each station with 
respect to the following: 

(a) Location of station during operation. 
(b) Date and time of operation in local standard (war) 

time. 
(c) Identity of station worked and type of communica-

tions handled. 
(d) Operating frequencies employed. 
(e) Names and official titles of persons transmitting by 

voice over the station whenever such voice transmission is 
actually carried on by other than a duly licensed operator.3 

(f) Name of operator on duty. 
(g) Signature and title of person maintaining log record. 

Provided, however, that operation in a blackout or during 
an emergency endangering safety of life or important 
property, such record of operation shall be reduced to 
writing at the earliest opportunity and in such detail as 
may be practicable. 

IDENTIFICATION OF STATIONS 

15.41. Identification of Transmitters. The call letters and 
unit number assigned in the license shall be permanently 
affixed to the transmitter by the licensee. 

15.42. Transmission of Call Letters. Stations in the war 
emergency radio service shall identify themselves by the call 
letters and unit number assigned to the transmitter at the 
beginning and end of each complete exchange of communi-
cations. When communications are carried on with any other 
station licensee, stations in the war emergency radio service 
shall identify themselves as herein required, and in addition, 
shall announce the call letters, unit numbers, and the class 
of the station with which they are communicating. 

LICENSES 

15.51. Control of Equipment. All equipment for which a 
license is granted must be owned by or in the possession of 
the station licensee at all times. No license will be granted 
permitting the operation of a specific transmitter by more 
than one station licensee in the war emergency radio service. 

15.52. Cancellation Without Notice or Hearing. A license 
authorizing the operation of a station in the war emergency 
radio service is granted upon the express condition that said 
grant is subject to change or cancellation by the Commission 
at any time without advance notice or hearing, if in its dis-
cretion such action is deemed necessary for the national se-
curity and defense and successful conduct of the war. 

15.53. License Period. (a) Station licenses normally will 
be issued for a period of one year unless otherwise stated 
therein. 

(b) Dates of expiration of licenses shall be in accordance 
with the following: 

(1) For stations in the states of Alabama, Arizona, Ar-
kansas, California, Colorado, Connecticut, District of Co-
lumbia, Delaware and Florida the first day of February of 
each year. 

(2) For stations in the states of Georgia, Idaho, Illi-
nois,'Indiana, Iowa, Kansas and Kentucky the first day of 
March. 

(3) For stations in the states of Louisiana, Maine, 
Maryland, Massachusetts, Michigan, Minnesota, Missis-
sippi, Missouri and Montana the first day of April. 

(4) For stations in the states of Nebraska, Nevada, 
New Hampshire, New Jersey, New Mexico, New York, 
North Carolina and North Dakota the first day of May. 

(5) For stations in the states of Ohio, Oklahoma, Ore-
gon, Pennsylvania, Rhode Island, South Carolina and South 
Dakota the first day of June. 

(6) For stations in the states of Tennessee, Texas, Utah. 
Vermont, Virginia, Washington, West Virginia, Wisconsin 
and Wyoming, and for stations in the territories and posses-
sions, the first day of July. 

(e) Unless otherwise directed by the Commission, each 
application for renewal of station license shall be filed on the 
proper form4 at least sixty (60) days prior to the expiration 
date of the license sought to be renewed. 

15.54. Availability of Station License. The original license 
shall be associated with the station unit normally in con-
trol of all station units covered by the license, and photo-

a This provision does not eliminate the requirement of a 
licensed operator on duty at the transmitter location who is 
responsible for the operation thereof. 
4 FCC Form No. 405. 

copies of the original license provided by the licensee shall 
be associated with each of the other station units covered 
by the license. The original and all photocopies shall be 
readily available for inspection at any time by an author-
ized government representative. 

15.55. General Limitations. Stations in the war emergency 
radio service shall not be operated on board any vessel 
unless such operation has been approved by appropriate 
naval authority. 

15.56. Service for U. S. Government. During emergencies 
endangering the safety of life or property, the licensee of any 
station in the War Emergency Radio Service may use any 
licensed unit of such station to provide essential com-
munication for the United States Government, when re-
quested to do so by the government department or agency 
concerned, Provided, That a written notice of such opera-
tion, including designation of the source of the request, is 
sent within twenty-four hours after the commencement of 
such operation to the inspector in charge of the radio dis-
trict in which the station is located, and a copy of such 
notice is sent to the Federal Communications Commission 
in Washington, D. C. 

CIVILIAN DEFENSE STATIONS 
STATION LICENSEES 

15.61. Eligibility for Station License. Authorizations for 
civilian defense stations will be issued only to municipal 
governments, such as cities, towns, counties, etc. 

15.62. Supplementary Statements. The applicant shall sub-
mit with the application complete and detailed information 
on the following: 

(a) The proposed plan of operation including: 
1. General operating procedure. 
2. The scope of service to be rendered. 
3. Type of messages to be transmitted. 
4. Methods to be used in monitoring, supervising, and 

controlling the operation of all stations for which 
license is requested, including method of compliance 
with Restricted Order No. 2. 

5. Methods used to measure the operating frequencies 
of the transmitters. 

6. Provisions for frequent inspection of the equipment. 
7. Source and distribution of the equipment. 

(b) The area in which the stations are to be operated: 
1. If service is to be rendered to adjacent municipali-

ties, the applicant must submit sworn copies of 
agreements made between the applicant and the ad-
jacent municipalities. Such agreements shall show 
that the applicant is required to furnish service and 
the adjacent municipalities agree to accept such 
service and not to request individual authority, and 
that such agreements shall provide notification to 
the Commission sixty (60) days prior to termination 
thereof. 

(c) Methods used to ascertain the loyalty and integrity 
of radio station operating personnel. 

(d) Plans for enlisting radio operating personnel, and 
whether they will serve on a paid or voluntary basis. 

SCOPE OF SERVICE 

15.63. Service Which May Be Rendered. (a) Civilian de-
fense stations may be used during emergencies endangering 
life, public safety, or important property, for essential com-
munication relating to civilian defense or national security. 
Civilian defense station licensees, when requested in specific 
instances by the licensee of any State Guard station or the 
licensee of any Civil Air Patrol station, may use their licensed 
civilian defense stations for essential communication with 
such State Guard or Civil Air Patrol station(s), during 
emergencies endangering life, public safety, or important 
property. Civilian defense stations shall not be operated on 
board any aircraft unless specific authority for such opera-
tion has been granted by the Commission upon showing of 
need therefor. 

(b) Upon application and showing of need therefor, 
individual-control unite may be authorized to communicate 
during the first 15 minutes of each hour with control unite of 
the same licensee or other licensees, and with other units of 
the same licensee, for the exclusive purpose of handling es-
aential communications preparatory to any anticipated 
emergency involving the safety of life or important property 
in connection with civilian defense or national security. 
Units other than control units may transmit, for this pur-
pose, only when directed to do so by an authorized control 
unit of the same licensee. When operating under this pro-
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vision, each unit shall comply with operating instructions 
given by the authorized control unit. The use and operation 
of control units as provided in this subsection shall be 
discontinued during such periods as may be deemed neces-
sary by the licensee in order to avoid interference to any 
testa or drills being conducted in accordance with Sections 
15.75 and 15.76 of these rules. 

15.64. Communication with Other Stations. Within the 
scope of service permitted under Sec. 15.63 and during 
teats and drills, civilian defense stations may be used to 
communicate with stations in the war emergency radio 
service, with stations in the emergency radio service (police, 
forestry, special emergency, and marine fire stations), and 
with United States Government stations, in those cases 
which require cooperation or coordination of activities. 
Transmissions not directed to authorized stations are 
prohibited. 

SUPERVISION AND CONTROL 

15.66. Operational Supervision. The operation of civilian 
defense stations shall be directed at all times by a duly 
qualified " radio aide," provided, however, that the delegation 
of such supervision shall in no way relieve the licensee of the 
ultimate responsibility for the proper operation of the sta-
tions in accordance with the terms of the station license. 

RADIO AIDE 

15.71. Definition. The term " radio aide" means the offi-
cial designated by the station licensee to direct and super-
vise the operation of all of the radio stations to be covered in 
the license for which application is made. 

15.72. Qualifications. The radio aide shall 
(a) Hold a valid operator's license of any class granted 

by the Commission except a restricted radiotelephone oper-
ator's permit; and shall 

(b) Have been investigated and certified by the station 
licensee as to his loyalty to the United States and recognized 
integrity. 

15.73. Certification. The station licensee shall submit to 
the Commission, on a prescribed form,'" the name and ad-
dress of the initial radio aide and his successor(s), together 
with a statement from the radio aide that he has accepted 
such appointment, and the station licensee shall certify: 

(a) That the radio aide has been duly investigated by 
the licensee and is believed to be loyal to the United States 
and is of recognized integrity; and 

(b) That his technical and administrative qualifications 
are adequate for the proper performance of his duties. 

15.74. Duties. The duties of the radio aide shall include 
among others: 

(a) The direction and supervision of all radio stations to 
be covered in the license to assure strict compliance with the 
terms of the station license. 

(b) The provision for the adequate monitoring of all 
transmissions of the stations under hie supervision to assure 
compliance with the rules and regulations of the Commis-
sion, and to guard against the improper use of the radio sta-
tions and intentional or inadvertent transmission which 
might be of value to the enemy. 

(c) Inspection of the equipment periodically to insure 
satisfactory technical operation. 

(d) Certification of the names of proposed radio oper-
ators after a thorough investigation has been made relative 
to their loyalty to the United States and their known integ-
rity. 

TESTS AND DRILLS 

15.75. Tests. The licensees of civilian defense stations are 
permitted to make such tests as are necessary for the pur-
pose of maintaining equipment, making adjustments to in-
sure that the apparatus is in operating condition, training 
personnel, and perfecting methods of operating procedure, 
Provided, That such tests shall be conducted only during 
the following periods: 

Time Zone Eastern Central Mountain Pacific 

Mondays... 9 em-11 PM 8 PM-10 PM 8 ru-10 Ind 
Wednesdays. 9 re-11 PM 8 eu-10 ru 8 pu-10 eu 
Sundays.... 5 Pet- 7 PM 4 me- 6 PM 3 eu- 5 lot 
All timea given are local standard (war) time. 

7 em-9 PIE 
7 ne-9 P/1 
2 pu-4 

15.76. Drills. Licensees of civilian defense stations may 
conduct drills during practice alerts, practice blackouts, 

6 FCC Form No. 455 (a). 

practice mobilizations or other comparable situations as may 
be initiated and ordered by the proper military authority 
or local civil defense authority, provided that a notice, by 
mail, of such operations is sent within twenty-four hours 
after the drill to the Inspector in Charge of the radio district 
in which the stations are located, and a copy to the Federal 
Communications Commission in Washington, D. C. 

STATE GUARD STATIONS 

LICENSEES 

15.81. Eligibility for License. Authorizations for state 
guard stations will be issued only to the official state guard 
or comparable organizations of a state, territory, possession, 
or the District of Columbia. 

15.82. Supplementary Statements. The applicant shall sub-
mit with the application complete and detailed information 
on the proposed plan of operation including: 

(a) General operating procedure. 
(b) Scope of service to be rendered. 
(c) Type of messages to be transmitted. 
(d) Methods to be used in monitoring, supervising, and 

controlling the operation of all stations for which the license 
is requested. 

(e) Method used to measure the operating frequencies of 
the transmitters. 

(f) Provisions for frequent inspection of the equipment. 
(g) Source and distribution of the equipment. 

SERVICE 

15.83. Scope of Service. (a) State guard stations may be 
used only (1) during emergencies endangering life, public 
safety, or important property, or (2) for essential communi-
cations directly relating to state guard activities in instances 
in which other communication facilities do not exist or are 
inadequate. 

(b) State guard stations may be used to communicate with 
stations in the war emergency radio service or in the emer-
gency radio services (police, forest ry, special emergency, and 
marine fire stations) in those cases which require cooperation 
or co6rdination of activities. Transmissions not directed to 
a specific authorized station are prohibited. 

SUPERVISION AND CONTROL 

15.84. Operational Supervision. The operation of state 
guard stations shall be directed at all times by an officer in 
charge of communications or communications officer pro-
vided, however, that the delegation of such supervision 
shall in no way relieve the licensee of the ultimate responsi-
bility for the proper operation of the stations in accordance 
with the terms of the station license. 

COMMUNICATIONS OFFICER 

15.85. Definition. The term "communications officer" 
means the official designated by the station licensee to direct 
and supervise the operation of all radio stations to be covered 
in the license for which application is made. 

15.86. Duties. The duties of the communications officer 
shall include, among others: 

(a) The direction and supervision of all radio stations to 
be covered in the license to assure strict compliance with the 
terms of the station license. 

(b) The provision of the adequate monitoring of all 
transmissions of the stations under his supervision to assure 
compliance with the rules and regulations of the Commis-
sion, and to guard against the improper use of the radio 
stations and intentional or inadvertent transmissions 
which might be of value to the enemy. 

(e) Inspection of the equipment periodically to insure 
satisfactory technical operation. 

(d) Certification of the names of proposed radio operators 
after a thorough investigation has been made relative to 
their competence. 

TESTS 
15.87. Tests. The licensees of state guard stations are per-

mitted to make such routine tests as are required for the 
proper maintenance of the stations and the communication 
system, provided that steps are taken to avoid interference 
with other stations, and provided further that such testing 
shall not exceed a total of four (4) hours per week. 

CIVIL AIR PATROL STATIONS 

LICENSEES 
15.91. Eligibility for Station License. Authorizations for 
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civil air patrol stations will be issued only to the duly ap-
pointed Wing Commanders of the Civil Air Patrol? 

15.92. Supplementary Statements. The applicant shall 
submit with the application for station license complete and 
detailed information on the proposed plan of operation, 
including: 

(a) General operating procedure. 
(b) Scope of service to be rendered. 
(c) Type of messages to be transmitted. 
(d) Methods to be used in monitoring, supervising and 

controlling the operation of all stations for which the license 
is requested, including method of compliance with Re-
stricted Order No. 2. 

(e) Method used to measure the operating frequencies of 
the transmitters. 

(f) Provisions for frequent inspection of the equipment. 
(g) Source and distribution of the equipment. 

SERVICE 

15.93. Scope of Service. (a) Civil air patrol stations may be 
used only during emergencies endangering life, public safety, 
or important property, or for essential communication di-
rectly relating to civil air patrol activities, when other com-
munication facilities do not exist or are inadequate. 

(b) Civil air patrol stations may be used to communicate 
with stations in the war emergency radio service; and with 
stations in the emergency radio service (police, forestry, 
special emergency, and marine fire stations), or with United 
States Government stations, in those cases which require 
cooperation or coordination of activities. Transmissions not 
directed to authorized stations are prohibited. 

SUPERVISION AND CONTROL 

15.94. Operational Supervision. The operation of civil air 
patrol stations shall be directed at all times by an officer in 
charge of communications, formally designated as "Com-
munications Officer," Provided, however, That the delega-
tion of such supervision shall in no way relieve the station 
licensee of the responsibility for the proper operation of 
the stations in accordance with the terms of the station 
license, and all pertinent rules and regulations. 

COMMUNICATIONS OFFICER 

15.95. Definition. The term "Communications Officer" 
means the official formally designated by the station li-
censee to direct and supervise the operation of all radio 
stations authorized by the related station license. 

15.96. Duties. The duties of the communications officer 
shall include, among others: 

(a) Direction and supervision of all radio stations au-
thorized by the station license, to assure strict compliance 
with the terms of such license. 

(b) Provision for adequate monitoring of all transmis-
sions of the stations under his supervision to assure com-
pliance with the rules and regulations of the Commission, 
and to guard against the improper use of the radio stations 
and intentional or inadvertent transmissions which might be 
detrimental to the national defense and security. 

(c) Inspection of the equipment at frequent intervals to 
insure satisfactory technical operation. 

(d) Certification of the names of proposed radio operators 
after a thorough investigation has been made relative to 
their competence. 

(e) Whenever civilian defense stations are requested to 
communicate with civil air patrol stations in accordance 
with the provisions of Section 15.63, the communications 
officer, on behalf of the Wing Commander, shall promptly 
notify in writing the Commission in Washington, D. C., and 
the Inspector-in-Charge of the district in which the in-
volved civilian defense stations are located. Such written 
notice shall include the following information: 

1. Name of civilian defense station licensee(s). 
2. Date(s) of such communication. 
3. Location(s) of involved civilian defense and civil 

air patrol stations. 
4. Brief description of the situation necessitating such 

intercommunication. 

TESTS 

15.97. Teets. The licensees of civil air patrol stations are 
permitted to make such routine tests as are required for 
proper maintenance of the stations and the communication 
system, Provided, That adequate precautions are taken to 

avoid interference with other stations. And provided further, 
That such testing shall not exceed the minimum trans-
mission necessary to insure the availability of reliable 
communication. 

RULES AND REGULATIONS GOVERNING 
OPERATORS OF STATIONS IN WAR 
EMERGENCY RADIO SERVICE 

15.101. Licensed Operators Required. The actual operation 
of any station in the War Emergency Radio Service shall 
be carried on only by a duly qualified radio operator holding 
a War Emergency Radio Service Operator Permit (See 
Sec. 15.30). The permit shall be in the possession of the 
operator at all times while on duty, and shall be produced 
for inspection when requested by an authorized representa-
tive of the government or the station licensee. 

15.102. Eligibility. To be eligible for a war emergency 
radio service operator permit an applicant shall: 

(a) Hold a radio operator license or permit of any class 
issued by the Commission. 

(b) Have complied with the provisions of Commission 
Order 75 (fingerprints, proof of citizenship, etc.). 

(c) Be approved by the station licensee and be properly 
certified for participation in the activities of the organi-
zation. 

15.103. Application Requirements. An application for each 
War Emergency Radio Service Operator permit shall be 
submitted on the prescribed form e through the station licen-
see. This application shall include the name and address of 
the station licensee together with the name and address of the 
proposed radio operator, and the class of operator license 
held by the applicant, and shall be certified to by the radio 
aide or communications officer that: 

(a) The proposed operator has been duly investigated and 
is believed to be loyal to the United States, and is of recog-
nized integrity. 

(b) His technical qualifications are adequate for the 
proper performance of his duties. 

15.104. Validity of Permit. (a) The war emergency radio 
service operator permit authorizes only the operation of the 
stations licensed to a particular licensee, and is valid for 
the duration of the war and six months thereafter, but in 
no event to exceed a period of five years from date of 
issuance. 

(b) The war emergency radio service operator permit is 
valid only when the photograph and signature of the holder 
have been affixed thereto. 

(c) A photocopy of such permit will not be recognized 
for the operation of any station in the war emergency radio 
services. 

15.105. Cancellation of Permit. (a) A war emergency radio 
service operator permit is granted upon the express condi-
tion that said permit is subject to change or cancellation by 
the Commission at any time without advanced notice or 
hearing, if in its discretion such action is deemed necessary 
for the national security and defense and the successful con-
duct of the war. 

(b) The holder of a war emergency radio service operator 
permit shall surrender such permit to the Commission for 
cancellation at the request of a station licensee or upon ter-
mination of the operator's connection with the station licen-
see with whom he was previously affiliated. 

15.106. Duplicate Permit. An operator whose permit has 
been lost, mutilated or destroyed shall immediately notify 
the Commission. Any operator permittee applying for a 
duplicate permit to replace an original which has been lost, 
mutilated or destroyed shall submit to the station licensee for 
transmittal to the Commission such mutilated license or 
affidavit attesting to the farts regarding the manner in which 
the original was lost or destroyed. If the original is later 
found, it or the duplicate permit shall be returned to the 
Commission for cancellation. 

15.107. Renewal of War Emergency Radio Service Operator 
Permit. A war emergency radio service operator permit may 
be renewed upon proper application which should be sub-
mitted to the Commission through the station licensee as 
in the case for an original permit. 

15.108. Suspension of Operator License. The war emer-
gency radio operator permit may be cancelled and any other 
class of license held by the operator may be suspended for 
the violation by the operator of any provisions of law, treaty, 
rules or regulations of the Commission. 

e F.C.C. Form No. 457. 



CHAPTER SEVENTEEN 

Antenna Construction 

THE USE of good materials in the an-
tenna system is important since the antenna is 
exposed to wind and weather. To keep elec-
trical losses low, the wires in the antenna and 
feeder system must have good conductivity 
and the insulators must have low dielectric loss 
and surface leakage, particularly when wet. 

For short antennas, No. 14 gauge hard-drawn 
enameled copper wire is a satisfactory conduc-
tor: For long antennas and directive arrays, 
No. 14 or No. 12 enameled copper-clad steel 
wire should be used. It is best to make feeders 
of ordinary soft-drawn No. 14 or No. 12 enam-
eled copper wire, since hard-drawn or copper-
clad steel wire is difficult to handle unless it is 
under considerable tension at all times. The 
wires should be all in one piece; where a joint 
cannot be avoided, it should be carefully soldered. 

In building a resonant two-wire feeder, the 
spacer insulation should be of as good quality 
as in the antenna insulators proper. For this 
reason, good ceramic spacers are advisable. 
Wooden dowels boiled in paraffin may be used 
with untuned lines, but their use is not recom-
mended for tuned lines. The wooden dowels 
can be attached to the feeder wires by drilling 
small holes and binding them to the feeders 
with wire. 
The ends of tuned feeders or the ends of the 

antenna are points of maximum voltage. It is 
at these points that the insulation is most 
important, and Pyrex glass, Isolantite or stea-
tite insulators with long leakage paths are 
recommended. Glazed porcelain also is satis-
factory. Insulators should be cleaned once or 
twice a year, especially if they are subjected to 
much smoke and soot. 

In most cases poles or masts are desirable 
to lift the antenna clear of surrounding build-
ings, although in some locations the antenna 
will be sufficiently in the clear when strung 
from one chimney to another or from a chim-
ney to a tree. Small trees usually are not satis-
factory as points of suspension for the antenna 
because of their movement in windy weather. 
If the antenna is strung from a point near 
the center of the trunk of a large tree, this 
difficulty is not so serious. Where the antenna 
wire must be strung from one of the smaller 
branches, it is best to tie a pulley firmly to the 
branch and run a rope through the pulley to 
the antenna, with the other end of the rope at-
tached to a counterweight near the ground. 
The counterweight will keep the tension on the 
antenna wire reasonably constant even when 
the branches sway or the rope tightens and 
stretches with varying climatic conditions. 

"A"-Frame Mast 

The simple and inexpensive mast shown in 
Fig. 1701 is satisfactory for heights up to 
35 or 40 feet. The materials required are the 
2 X 2-inch lumber, five )-inch carriage bolts 
5! inches long (with washers), a few spikes, 
about 300 feet of No. 12 galvanized iron wire, 
and several small strain insulators. The latter 
are used every 10 to 12 feet to break the guy 
wires into sections. Clear, sound lumber should 
be selected. The completed mast may be pro-
tected by two or three coats of house paint. 

If the mast is to be erected on the ground, a 
couple of stakes should be driven to keep the 
bottom from slipping and it may then be 
" walked up" by a pair of helpers. If it is to go 
on a roof, first stand it up against the side of 
the building and then hoist it from the roof, 
keeping it vertical. The whole assembly is light 
enough for two men to perform the complete 
operation — lifting the mast, carrying it to its 
permanent berth and fastening the guys — 
with the mast vertical all the while. It is en-
tirely practicable, therefore, to erect this type 
of mast on any small, flat area of roof. 
By using 2 X 3s or 2 X 4s, the height may 

be extended up to about 50 feet. The 2 X 2 is 
too flexible to be satisfactory at such heights. 

3 70P 
GUYS 

ANT 

Three 252s t 
Each 22 ft. --

bo/t 

TOTAL HEIGHT 
40 FT PLUS 

Guy front and back 
y here-no side 9uys 
7 necessary 

Z"Z-----Carriale bolts 

\ \Ord/ 4" hole thru 
uprights and hamme, 
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ei Carriage bolt 

Spread 6' r- or so 
Fig. 1701 — Details of a simple 40-foot "A"-frame mast 
suitable for erection in locations where space is limited. 
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IL Simple 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 tdro 
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. 
All pieces are set so the long axis faces the 
antenna direction. 
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 
two sets of back guys may be anchored at the 
same point. The guy anchors should be 15 feet 
or more from the bottom of the pole. 

The 2 X 4 section should be set in the ground 
so that it faces the proper direction, and then 
made vertical by lining it up with a plumb bob. 
The holes for the bolts should be drilled before-
hand. With the lower section laid on the 
ground, bolt A should be slipped in place 
through the three pieces of wood and tightened 
just enough so that the section can turn freely 
on the bolt. Then the top section may be bolted 
in place and the mast pushed up, using a ladder 
or another 20-foot 2 X 3 for the job. As the 
mast goes up, the slack in the guys can be taken 

TOP GUYS 

CENTER GUYS 

Fig. 1702 — A simple 
and sturdy mast for 
heights in the vicinity 
of 40 feet, pivoted at 
the base for easy erec-
tion. The height can 
be extended to 50 feet 
or more by using 2 X 
4s instead of 2 X 3s. 

o• 

2o' 

20' 

20' 

1,00 
Stra/0 

Fig. 1703 — T-sectior mast made 
Lof overlapping 2 X 4s or 2 X 6s. 1.:  

up so that the whole structure is in some meas-
ure continually supported. When the mast is 
vertical, bolt B should be slipped in place and 
both A and B tightened. The lower guys can 
then be given a final tightening, leaving those 
at the top a little slack until the antenna is 
pulled up, when they should be adjusted to pull 
the top section into line. 
The 2 X 4 should extend at least 3 feet into 

the ground. It will help to pack rocks in the 
hole to provide bracing. The mast will stand 
alone without guying when the two bottom bolts 
are in place, avoiding the necessity for having 
a helper on each guy while the mast is being 
raised. 

dJ T-Section Mast 

A type of mast suitable for heights up to 
about 80 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 
flatwise sections. The construction 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 6-inch iron, 1% to 2 inches 
wide, is recommended for the straps, with AI-
inch 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 such 
a mast can be secured at the base, the "cradle" 
illustrated at D 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. As the mast is swung upward 
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Fig. 1704 — Pipe. 
guy anchors. One olrond 
pipe is sufficient 
for small masts, 
but two installed 
as shown will pro-
vide the additional 
strength required ea /wee 
for larger poles. eic'e 

in an arc while being raised, the bottom will 
be free to pivot on the bearing. 
The job of raising the mast can be simplified, 

when a bottom bearing of this nature is used, 
because 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. Since the base position is fixed by the 
bearing, all the side guys can be put in place, 
anchored and tightened while the mast is lying 
on the ground. A set of guys should be used at 
each of the joints in the edgewise sections, the 
guy wires being wrapped around the pole 
rather than fastened to bolts or passed through 
holes in the pole; either of the latter methods 
tends to weaken the joints. 

Ileavy 
,Screw-eyes 

Leave about Wove 

fetabe 

Antenna. 
/mediators 

Springs 

A 

To feed-through 
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Slack wire 

Goy 

Drive al Mosé 
4"in 9round 

Window 
6/ass 

laibberwashers 
cementea' to rod 

Screen 

the "egg" type with the insulating material 
under compression, so that the guy will not 
come down if the insulator breaks. 
Guy wires may be anchored to a tree or 

building when they happen to be in convenient 
spots. For small poles, a 6-foot length of 1-inch 
pipe driven into the ground at an angle will 
suffice. Additional bracing will be provided by 
using two pipes, as shown in Fig. 1704. 

41. Halyards and Pulleys 

A free-running pulley and a long-lived hal-
yard are definite assets to an antenna system. 
Common clothesline is strong enough for small 
antennas, but does not stand the weather well 
and should be renewed frequently. Sash cord 
is better, but still not weather resistant. A 
satisfactory halyard is V8- or Y2-inch water-
proofed manila rope, the larger size being needed 
only to hold long stretches of wire. Ordinary 
rope or cord can be waterproofed by soaking it 
a day or two in automobile top dressing. 
A good grade of galvanized iron pulley will 

be satisfactory in locations where the atmos-
phere is free from salt, but at seashore locations 
a pulley intended for marine use should be 

used. One of the best types is a hard-
wood block with a bronze roller-bearing 
shaft, which will resist corrosion even 
under adverse conditions. 

Stand-off 

Fig. 1705 — (A) Anchoring feeders takes the strain from feed-
through insulators or window glass. (B) Going through a full-
length screen, a cleat is fastened to frame of the screen on the 
inside. Clearance holes are cut in the cleat and also in the screen. 

For heights up to 50 feet, 2 X 4-inch mem-
bers may be used throughout. For greater 
heights, it is advisable to use 2 X 6s for the 
edgewise sections, although 2 X 4-inch pieces 
will do for the fiat sections. 

• 
41. Guys and Guy Anchors 

For masts or poles up to about 50 feet, No. 
12 iron wire is a satisfactory guy-wire material 
(No. 12 iron wire is considerably heavier than 
copper). Heavier wire or stranded cable may 
be used for taller poles or poles installed in lo-
cations where the wind velocity is high. 
Guy wires should be broken up by strain in-

sulators, to avoid the possibility of resonance at 
the transmitting frequency. Common practice 
is to insert an insulator near the top of each 
guy, within a few feet of the pole, and then cut 
each section of wire between the insulators to 
a length which will not be resonant either on 
the fundamental or harmonics. An insulator 
every 25 feet will be satisfactory for frequen-
cies up to 30 Mc. The insulators should be of 

«I Bringing the Antenna or Trans-
mission Line into the Station 

The antenna or transmission line 
should be anchored to the outside wall 
of the building, as shown in Fig. 1705, 
to remove strain from the lead-in in-
sulators. Holes cut through the walls of 
the building and fitted with feed-through 
insulators are undoubtedly the best 
means of bringing the line into the sta-
tion. The holes should have plenty of air 
clearance about the conducting rod, es-

pecially when using tuned lines which develop 
high voltages. Probably the best place to go 
through the walls is the trimming board at the 
top or bottom of 
a window frame 
which provides 
flat surfaces for 
lead-in insulators. 
Cement or rubber 
gaskets may be 
used to waterproof 
the exposed joints. 
Where such a 

procedure is not 
permissible, the 
window itself usu-
ally offers the best 
opportunity. One 
satisfactory method 
is to drill holes in 
the glass near the 
top of the upper 
sash. If the glass is 

Sill 

Fig.1706 — An antenna lead-
in panel may be placed over 
the top sash or under the 
lower sash of a window. Seal-
ing the overlapping joint will 
make it weatherproof. 
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550NT 
A 

Fig. 1707 — Low-loss lightning arresters for transmitters. 

replaced by plate glass, a 
stronger job will result. 
Plate glass may be ob-
tained from automobile 
junk yards and drilled 
before placing in the 
frame. The glass itself 
provides insulation and 
the transmission line may 
be fastened to bolts fitting 
the holes. Rubber gaskets 
cut from inner tube will 
render the holes water-
proof. The lower sash 
should be provided with 
stops at a suitable height 
to prevent damage when 
it is raised. If the window 
has a full-length screen, 
the scheme shown in Fig. 
1705-B may be used. 
As a less permanent 

method, the window may 
be raised from the bottom 
or lowered from the top 
to permit insertion of a 
board which carries the 
feed-through insulators. 
This lead-in arrangement 
can be made weather-
proof by making an over-
lapping joint between the 
board and window sash, 
as shown in Fig. 1706, 
and covering the opening 
between sashes with a 
sheet of soft rubber from 
a discarded inner tube. 

111 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. 1707. 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 connection obtainable. 
The most positive protection is to ground the 

antenna system when it is not in use; grounded 
flexible wires provided with clips for connection 
to the feeder wires may be used. The ground 
lead should be short and run, if possible, 
directly to a driven pipe or water pipe where 
it enters the ground outside the building. 

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 

Tuneo'  feeders or 
low -frepedance line 

Ja. 72, receiver 
Transmitter antenna, 
antenna tuner 
tuner 

OP O. 7: switch 
or re/ay 

A 

Tuned feeders 

Antenna 
tuner 

*---"-keceiver 

DP 7 switch or relay 

Antenna Tuner No., Antenna Tuner ilea2 

rr  
1 0 P 0 TA 

eanSmitter 

¿'Por 

E 

15 transmitter 

D.P0.7 switch or relay 

Receive, Transmitter 

D 

3 

Receivefr 

D. P. 0.1' 

Fig. 1708 — Antenna-switching arrangements for various types of antennas. 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 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 several two-wire lines. 



Antenna Construction 381 
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-
ical arrangements are shown in Fig. 1708. 
The high voltages which develop on tuned 

lines require switches and wiring having good 
insulation. Frequently relays with low-capacity 
contacts are substituted for manually operated 
switches. Either way is satisfactory. 

liL Rotary Beam Construction 
Many amateurs mount the simpler types of 

directive antennas in such a way that the an-
tenna can be rotated to shift the direction of 
the beam at will. Obviously the use of such 
rotary antennas is limited to the higher fre-
quencies, if the structure is to be of practicable 
size. For this reason the majority of rotary-
beam antennas are constructed for use on 14 
Mc. and higher frequencies. The problems in 
rotary-beam construction are those of provid-
ing a suitable mechanical support for the an-
tenna elements, furnishing a means of rotation, 
and attaching the transmission line so that it 
does not interfere with the rotation of the sys-
tem. The antenna elements usually are made of 
metal tubing so that they will be at least par-
tially self-supporting, thus simplifying the 
rotating structure. The large diameter of the 
conductor is beneficial also in reducing resist-
ance, which becomes an important considera-
tion when close-spaced elements are used. 
When the elements are horizontal a support-

ing structure is necessary, made usually of 
light but strong wood. Dural tubes often are 
used for the elements, and thin-walled cor-
rugated steel tubes with copper coating also 
are available for this purpose. The elements 
frequently are constructed of sections of tele-
scoping tubing, making length adjustments 

Fig. 1709 — An easily built supporting structure for 
horizontal rotary beams. Made chiefly of 1 X 2s, the 
structure is strong yet light in weight. Antenna elements 
are supported on stand-off insulators on the E arms. 
Length of the D sections depends on element spacing. 

quite easy. Electricians' thin-walled conduit 
also is suitable for rotary-beam elements. 
An easily constructed supporting frame for a 

horizontal rotary beam is shown in Fig. 1709. 
It may be made of 1 X 2 lumber, preferably 
oak for the center sections and white pine or 

Fig. 1710 — One form of rotating mechanism. 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. 

cypress for the outer arms. The self-supporting 
tubing antenna elements are intended to be 
mounted on stand-off insulators on the arms 
marked E. The square block at the center (A) 
may be fastened to the pole by any convenient 
means. The dimensions of such a structure will, 
of course, depend upon the type of antenna sys-
tem used. It is particularly well suited for a 
half-wave antenna with a single director or re-
flector on 14 Mc., or a three-element beam on 
28 Mc. For 56 Mc., the dimensions may be 
reduced proportionally. (Bib. I.) 

Various means of rotation and of making 
contact to the transmission line have been de-
vised. One method is shown in Fig. 1710. 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 pole 
from the antenna to a pair of wire rings, against 
which sliding contacts press. (Bib. 2.) 

Parts from junked automobiles often pro-
vide gear trains and bearings for rotating the 
antenna. Rear axles, in particùlar, can readily 

be adapted to the purpose. Some 
amateurs use motor-driven rotat-
ing mechanisms which, although 
complicating the construction, 

simplify remote control of the antenna. More 
or less elaborate indicating devices, which show 
the direction in which the antenna is pointed, 
often are used with motor-driven beams. 

E 
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Fig. 1711 — A practical vertical-element rotatable array 
for 28 Mc. No special feeder-contact mechanism is 
needed, since the driven antenna is fixed. The reflector 
and director elements, parasitically excited, rotate 
around it. aose-spaced elements may be used if desired. 

The full benefit of a rotating directive an-
tenna is realized only when the system is uni-
directional, since such an antenna affords max-
imum reduction of interference and noise in 
reception. A unidirectional antenna also re-
duces interference to other stations not along 
the line of transmission. Bi-directional systems, 
while somewhat less advantageous 
from this standpoint, are mechan-
ically somewhat easier to build, 
because it is necessary to rotate 
the antenna only through 180 
degrees rather than 360. Thus 
feeder contact is not so difficult a 
problem. When the antenna is de-
signed for 360-degree rotation it is 
preferable to have the feeders ar-
ranged so that continuous rotation 
is possible, rather than to have a 
stop at some point on the circle. 
This avoids the necessity for re-
tracing almost the whole circle 
when moving the antenna from 
one side of the stop to the other. 

Fig. 1711 shows a mechanical 
arrangement suitable for use with 
vertical elements. The antenna, 
which is a vertical section of met-
al tubing, is mounted in a fixed 

10'3" 

10'3" 

Fig. 1713— A simple form of 
end-fire array as used at W2JCR. 
The two copper-tubing elements 
are curved in and run down the 
pole to form part of the feed line. 

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 special 
contacts between the an-
tenna and the feeder system, 
since the position of the an-
tenna is fixed. A rope-and-
pulley arrangement provides 
rotation from the operating 
room, so that, when a signal 
is picked up, the antenna 
can be rotated rapidly to the 
position which gives maxi-
mum response. It is then also 
pointing in the proper direc-
tion for transmission. The 
system can be varied in 

details; for instance, 
close element spacing 
might be used to give 
greater gain. (Bib. 3). 

(1, V.H.F. Antennas 
Although antennas for the very-high frequen-

cies are constructed on the same principles as 
those for lower frequencies, the smaller dimen-
sions permit structural arrangements which 
would be unwieldy, if not impossible, on lower 
frequencies. The extended double Zepp, used 
vertically, is particularly easy to mount, the ele-
ments being made of 3d-inch copper or durai rod 
or tubing and fastened to the side of a pole by 
stand-off insulators. Two arrangements are 
shown schematically in Fig. 1712. The open-wire 
feeder is better if the line is long, the losses being 
lower than with twisted pair. (Bib. 4.) 

..,..-Tubm9 Elements 

¿ow-impedance 
¡Wire line 

21"toj 
23" 

45o-ohm line 
to transmitter 

Fig. 1712— Two methods of feeding an extended double Zepp type of 
collinear array. The dimensions given are for the 56-Mc, band, and 
should be halved for 112 Mc. The 450-ohm line may be made of No. 12 
wire with 2-inch spacing. The stub should be adjusted for minimum 
change in the final tank tuning when the line is coupled to the transmitter. 
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A simple application of the end-fire principle 

is shown in Fig. 1713. Two lengths of copper 
tubing are bent to form a "pitchfork" a 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°, full ad-
vantage can be taken of the directivity of the 
system. Tuned feeders may be used if the length 
is not more than one or two wavelengths; for 
greater lengths an untuned line and a match-
ing stub are desirable. (Bib. 5.) 
Combination arrays as described in Chapter 

Ten give good gain and are not difficult to con-
struct. One practical application is shown in 
Fig. 1713. The elements can be of wire or tub-
ing. The assembly can be simply wires hung 
from a rope stretched between two supports, 
or it can take the form of a more permanent 
structure, as shown in the photographs. 

E. Mobile Antennas 
For mobile work on the very-high frequen-

cies a rod or "whip" antenna frequently is 
used, generally mounted vertically from one or 
a pair of stand-off or feed-through insulators 
fastened to the car body. If possible, the an-
tenna should be a half-wavelength long, since 
this length will give best two-angle radiation. A 
quarter-wave antenna, working against the 
metal car body as a counterpoise or " ground," 
can be used but is not as efficient a radiator as 
the half-wave antenna. The antenna should be 
placed as high on the car as circumstances permit. 

It is advantageous to mount the antenna 
near the transmitter so that the feeder will be 

Fig. 1714—The 112-Mc, directive array at W2CUZ 
uses two collinear sets of three broadside driven elements, 
backed by parasitic reflectors. The system is rotatable. 

short. This will ob-
viate the necessity 
for special feeder sys-
tems, such as con-
centric lines, which 
are highly desirable 
if the antenna is at 
one end of the car 
and the transmitter 
at the other. A 
quarter-wave tuned 
line is a suitable 
feeder, using appro-
priate tuning meth-
ods. When used with 
an end-fed half-wave 
antenna, the feeder 
end not connected 
to the antenna may 
either be left open or 
grounded to the car 
body. For details, 
see Chapter Sixteen. 

Fig. 1715 shows a 
fitting for a vertical 
car-roof antenna 
which folds parallel 
to the car roof. 
Pieces A and B are 
made of 3%-inch 
braes rod, 34 inch in 
diameter. One end of 
piece A is turned 
down to fit inside 
the tubular antenna, 
which is soldered 
fast. A tongue 1 inch 
long and h-inch wide is cut on the other end. 
One end of , piece B is turned down and 

threaded with a /-inch die, while a slot, 1 inch 
deep and 34 inch wide is cut in the opposite end 
to fit the tongue of A. The slotted end is drilled 
and tapped for the 34.-inch thrumbscrew, C. A 
vertical elongated hole is filed out in the tongue 
so that, with the thumbscrew loosened, A can 
be lifted to clear the shoulders of B while the 
antenna is being folded down. 
Two polystyrene washers, D and E, provide 

insulation. Each has a hub 34-inch thick turned 
on one side to fit through a hole in the car roof. 
The assembly is clamped to the roof by the 
locking nuts. F is a soldering lug for making 
the connection to the antenna. 

If the assembly is placed near the forward 
part of the roof, the antenna will fold back 
without overhanging the rear of the car. 
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Fig. 1715 —Fitting for a 
hinged vertical car-roof 
mobile antenna. By loosen-
ing the thumb screw C, the 
antenna may be folded down 
parallel to the roof of the car. 



CHAPTER EIGHTEEN 

Carrier.0 rrent Communication 

WARTIME restrictions on radio com-
munication have led many amateurs into the 
experimental investigation of non-radio meth-
ods of communication. A number of such 
methods have been explored — including in-
duction-field, ground-current, light-beam and 
supersonic transmission — but the only one to 
achieve widespread use is carrier-current (wired-
wireless) transmission. Hundreds of individuals 
in various sections of the country now are 
engaged in experimental communication using 
this method. 

Although carrier-current communication sys-
tems have been in use for many years by tele-
phone and power companies, the subject is a 
relatively new one to radio amateurs. For this 
reason, it seems appropriate to preface this 
chapter with a brief résumé of the principles 
involved, the results which may be reasonably 
expected, and the difficulties which may be 
encountered. 

Carrier-Current Fundamentals 

Essentially, carrier-current communication 
is similar to radio communication. The process 
is one of impressing modulation, either in the 
form of voice or the telegraph code, on a 
radio-frequency carrier (§ 4-1; § 5-1) and then 
demodulating the carrier at the receiving 
end. The only difference is in the medium by 
which the r.f. carrier wave is transported. 

Since most amateurs are familiar with the 
feeders or transmission lines commonly used 
to feed antennas, the basic principles of the 
carrier-current system can be explained by 
saying simply that it is communication by 
means of feeder wires or transmission lines. 
R.f. energy is fed into the transmission line 
by a transmitter at the sending station, and 
is delivered to a receiver (instead of an an-
tenna) coupled to the distant end of the line. 
For communication by this method the trans-
mission line is, therefore, a prerequisite. 

While telephone companies, which use the 
carrier system to carry several conversations 
simultaneously over a single conductor for 
long-distance circuits, employ lines especially 
designed for the purpose, the electric power 
companies have very successful systems oper-
ating over the same high-tension lines by 
which power is distributed from central gener-
ating plants. This leads to the thought of using 
the same lines which supply electric power to 
our homes as the transmission lines required 
for carrier-current communication, since all 
homes within a wide area usually are coupled to 
the same power system in one way or another. 

Frequencies — A balanced feeder system 
radiates very little energy compared with the 
radiation from an antenna at the high fre-
quencies normally assigned for amateur use in 
peacetime. Nevertheless, even a well-balanced 
two-wire line will radiate more energy at these 
frequencies than is permitted under wartime 
restrictions. Since radiation from a given 
conductor decreases as the frequency is low-
ered, most carrier-current systems operate at 
frequencies lower than 200 kc. 
From the private experimenter's point of 

view, there is an even more important reason 
for using low frequencies. Power lines feeding 
the average home ordinarily are extremely poor 
transmission lines for high-frequency currents. 
Not only are these lines shunted by very low 
impedances in the house itself — lamps, heat-
ers, b.c. receivers, motors and other appliances 
which consume r.f. energy — but the lines, 
once outside the house, are interrupted by 
transformers whose high capacities shunt much 
of the remaining energy to ground. For these 
reasons it _may be said that, in general, the 
lower the frequency the better the performance 
for carrier-current work. 

There are other considerations which limit 
the advisable extent to which the frequency 
may be lowered for purposes of private com-
munication, however. It happens that the 
public utilities operating carrier circuits make 
use of the frequencies below 160 ke. Since 
individuals will not want to run the risk of 
creating interference with vital services, the 
very low frequencies are to be avoided. An-
other reason for giving preference to somewhat 
higher frequencies is that their use reduces, to 
a certain extent, the very real problem of 
supplying the large values of inductance and 
capacity required for oscillator tank circuits. 
Frequencies of 160 to 200 kc. are sufficiently 
low for reasonably successful work and avoid 
the range commonly used by public-utilities 
systems. 
Operating restrictions — Although no Fed-

eral license is required for the operation of 
carrier-current equipment, there are two re-
strictions which must be observed. The first 
of these is the FCC regulation (Sec. 2.102) 
which limits the radiation field strength to a 
value of 15 microvolts per meter at a distance 
in feet of 157,000/fk, wherefke. is the frequency 
in kilocycles. At a frequency of 150 kc., for 
example, the radiation field strength should 
not exceed 15 microvolts at a distance of 
157,000/150 or 1046 feet from any power line 
which may be carrying r.f. from the transmitter. 

384 
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The second restriction is one imposed in 

certain regions by military authorities, in the 
form of public proclamations prohibiting the 
use of any equipment capable of being em-
ployed for communication within specified 
restricted zones. These zones are designated 
by notices posted at every local selective 
service board office, post office, court house or 
town hall within each restricted zone. Where 
such a military order is in effect, it means that 
carrier-current communication (as well as 
any other kind) is specifically prohibited in 
the area. 
As might be expected, the noise level of most 

domestic power lines is rather high. To over-
come this difficulty, the use of high transmitter 
power might seem desirable. However, because 
of the legal limitation on radiation field 
strength previously mentioned and the fact 
that harmonic output must be kept low to 
prevent interference with broadcast reception, 
the use of transmitter power inputs exceeding 
50 watts or so is seldom advisable. 
Ranges— Since performance depends so 

largely upon line conditions, it is impossible 
to predict with any degree of accuracy the 
distance range which may be expected with 
amateur carrier-current installations. In gen-
eral, greater distances can be covered in rural 
districts, where open-wire lines are more often 
employed, distribution transformers are less 
frequent, and loading is less along the line. In 
the cities ranges usually will be less, because 
much of the wiring is carried in grounded 
conduit and the distances between loading 
points are short. However, the city dweller 
has an advantage in that usually he does not 
need to cover as great a distance to find some-
one with whom to communicate, because of 
the greater density of population. With trans-
mitter power inputs of 25 watts or less, dis-
tances up to five miles often are reported in 
metropolitan areas. Rural stations frequently 
are able to increase their ranges to ten miles or 
more. It should be remembered that, to cover 
an air-line distance of three or four miles be-
tween transmitting and receiving stations, the 
signal may have to travel a considerably 
greater distance in following the power lines. 
The fact that two stations may receive 

power from different distribution systems does 
not necessarily mean that communication is 
impossible, since there is evidence that the 
signal may be transferred from one line to 
another by induction provided the two lines 
run close together at some point. 
The useful range usually is greater in the 

daytime than at night because line loading is 
less during the day. For the same reason, the 
noise level is lower in the daytime and during 
the late hours at night than it is in the middle 
of the evening. 
While both telegraphic and voice com-

munication have been carried on successfully, 
telegraphy will carry better through noise and 
more advantage may be taken of the noise-

reducing properties of a selective receiver. A 
high percentage of modulation is advisable for 
'phone work. 
Getting started — The best first step for 

anyone interested in getting started in carrier-
current work is to find someone not too distant 
from his location to work with him. Watch 
the pages of QST's "Experimenter's Section" 
for the names of other interested persons in the 
community. Having located another enthusi-
ast, one can build the transmitter while the 
other takes on the job of making the receiver 
or converter. If the receiver is so designed that 
it may be operated in a car, so much the better, 
since it will then be possible to form a good 
idea of where and how far the signal is traveling 
by following power lines. Tests also can be 
made at a distance to determine the effects of 
experimental adjustments at the transmitter. 
Such tests eliminate much of the guesswork or-
dinarily connected with an experimental car-
rier-current system. 

J. Station Equipment 

Except for the antenna, the apparatus re-
quired for carrier current consists of the same 
units as used in radio communication — trans-
mitter, receiver, power supplies, modulator 
(if used) and microphone or key. The appara-
tus may consist of anything from a simple 
self-excited oscillator for the transmitter and 

Fig. 1801— A 25-watt 6L6 transmitter for wired wire-
less. Since variable condensers large enough to give suffi 
cient frequency change are difficult to secure unless 
paralleled b.c. receiver gangs are used, a tapped coil is 
used for tuning. Circuit diagram is shown in Fig. 1804. 
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a regenerative receiver (if c.w. alone is used) 
to a modulated m.o.p.a.-type rig with a 
superheterodyne receiver or a converter work-
ing into a communications or broadcast re-
ceiver which is used as the i.f. and a.f. ampli-
fier. Representative examples of the kinds of 
equipment commonly used are shown in the 
photographs and diagrams which appear 
throughout this chapter. 
Checking frequency— The frequency of 

the transmitter may be checked by picking up 
harmonics on a near-by broadcast receiver. 
For example, when the transmitter is tuned to 
150 kc. the fourth harmonic will be heard at 600 
kc., the fifth harmonic at 750 kc., the sixth 
harmonic at 900 kc., etc. The number of kilo-
cycles between any consecutive pair of har-
monics will give the transmitter frequency. If 
harmonics are separated more than 200 kc. 
the transmitter frequency is too high, while 
a separation of less than 150 kc. will indicate 
that the transmitter frequency is too low. 
Frequencies of 150 kc. and 200 kc. are most 
suitable for checking in this manner, since 
their harmonics fall in broadcasting-station 
channels where the beats with the broad-
cast signals are easily spotted. 

It is advisable to move the transmitter fre-
quency to a setting such that the harmonics 
fall between broadcast channels and, in par-
ticular, well away from the frequencies used 
by local stations, to avoid interference with 
neighboring listeners. 
Coupling to line —Various methods of 

coupling the output of the transmitter to the 
power line may be used, as shown in Fig. 1802. 
In these circuits, C1 serves a dual purpose as 
both blocking and tuning condenser for the line 
circuit. The value to be used depends to a 
considerable extent on the line constants, and 
should be determined experimentally. In prac-
tice, it has been found that the capacity re-
quired varies from about 0.01 dd. to as much 
as 0.05 dd. The condenser used must be ca-

Fig. 1802 — Methods of coupling the carrier-current transmitter to the power line. 
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Fig. 1803 — Methods of coupling the receiver to the line. 

pable of withstanding the line voltage. The 
coupling coil, LI, should be of sufficient size to 
provide the necessary coupling to the final 
tank circuit. It is advisable to start out with a 
fairly large coil, wound over the final tank coil 
and tapped every few turns so that the loading 
can be adjusted. 

While it is possible to work without the use 
of load-isolating filters if the necessary material 
is not available for their construction, a con-
siderable improvement in over-all efficiency 
can be obtained by their use, since a large 
percentage of the total power loss may be 
attributed to the house load. It can be seen 
from diagrams C and D, Fig. 1802, that the 
purpose of the filters is to prevent the radio-
frequency power from being expended in the 
shunt load normally connected to the house 
side of the meter. 

It should be borne in mind that the in-
ductance coils in the isolating filters must have 
sufficient current-carrying capacity for the to-
tal connected load without causing any serious 
loss of voltage at the line frequency. C2 does not 
have to withstand any considerable voltage 

but must have the 
proper capacity to tune 
the coil, L2, to the op-
erating frequency. As 
in the case of the tank 
circuit, a wide range of 
values may be used. If 
a 0.005-pfd. mica con-
denser is used for C2, a 
coil which will resonate 
at approximately 150 
kc. may be wound with 
70 turns of No. 14 
enameled wire on a 3 
inch form. The voltage 
drop in such a coil 
should be negligible 

z under normal house-
wiring loads. 
Where the street side 

of the meter is accessi-
ble the transmitter 
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may be coupled to the line on that 
side, thereby avoiding the neces-
sity for feeding r.f. through the 
meter. 

Suggested methods for coupling 
the receiver to the power line are 
shown in Fig. 1803. 

41. Transmitter Construction 

Hartley 6L6 transmitter — A 
carrier-current transmitter of the 
simplest type is pictured in Fig. 
1801. The circuit, shown in Fig. 
1804, is the conventional series-fed 
Hartley. The tank condenser, 
C1C2, consists of two 0.006-mfd. 
mica condensers connected in 
series (to decrease the possibility of 
breakdown). Frequency and excitation are ad-
justed by selection of the proper taps on the coil. 
The output or " antenna" coupling is adjusted 
by the proper selection of the condensers in 
series with the coupling coil, L2. 
The inductance is wound on a Quaker Oats 

carton, which is a convenient source for 3 
inch diameter cardboard tubing. After the 
contents have been removed and the box cut 
down to a length of about 4% inches, the 
cardboard should be given a coat or two of 
shellac. Then 80 turns of No. 18 enameled wire 
must be wound on, as tightly as possible. Taps 
are made at every 5th turn, making a 1-inch 
loop of wire at each tap and twisting it tightly 
for several turns so that the loop will not pull 
apart as the rest of the coil is wound. When the 
coil is finished the loops should be scraped bare 
of insulation, using a knife or fine sandpaper. 
As a finishing touch, spots of Duco cement 
may be applied to secure the twisted portions 
in place. 
The framework used to support the coil and 

other components is made of 3%-inch plywood, 
except for the two corner strips at the top, 
which are of -inch square stock, and the two 

TO HEATER 
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Fig. 1804 —Circuit of the 25-watt 6L6 transmitter. 
CI, C2 — 0.006-mfd. mica, 2500 volts. 
CS, CS — 0.1-dd. paper, 600 volts. 
C4 — 100-µmfd. mica. 
Cs, C7 — 0.05-isfd. paper, 600 volts. 
Ri — 50,000-ohm wire-wound, 10-watt. 
RFC — 80-mh. r.f. choke (Meissner 19-2709). 
Li-80 turns No.18 e., close-wound on 3 ..inch diameter 

form, tapped every 5th turn. 
14 —4 turns No. 18 rubber-covered wire, wound over 

the center of Li. 

Fig. 1805 — M.o.p.a.-typc carrier-current transmitter. Transmitter, 
modulator and power supply are on one chassis, arranged for remote 
control from the operating position.The final tank coil and tuning con-
denser are at right. Circuit diagrams are shown in Figs. 1806 and 1807. 

1 X 2-inch bottom strips. The whole assembly 
is held together by brads and glue. The box 
is made just wide enough to allow the coil to 
be forced in, the pressure of the sides then 
serving to hold the coil firmly in place. The box 
measures 6% inches high, 5 inches long, and 
4% inches deep. 
The tube socket is submounted in a hole in 

the center of the top of the framework. The 
tank condensers, C1 and C2, are fastened under-
neath by screws. The grid choke, RP', is 
supported on a Y2-inch pillar attached to the 
rear screw holding the socket. The coupling 
condensers, C5, C6 and C7, are supported on 
lugs under the heads of screws which serve also 
for coupling taps at the rear of the box. Flexible 
leads from the coil are fastened to the terminals 
of the tank condensers. 
When completed, the transmitter should be 

hooked up to a power supply delivering 350 or 
400 volts at 100 ma. A meter and key should be 
connected in the positive high-voltage lead, as 
shown in Fig. 1804. While there may be some 
objection to placing the key in the positive 
lead, there is a measure of safety in the fact 
that, as long as the operator's hand is off the 
key (as it would be when making adjustments) 
there is no chance for shock when adjusting 
the coil taps. Care must be exercised, of course, 
and it is recommended that all tuning adjust-
ments be made with one hand in the pocket. 

Initial tuning-up should be done without the 
oscillator coupled to the line. Set the clips so 
that there are 60 turns between grid and 
plate, and attach the cathode tap at 25 turns 
from the grid end. Press the key and read the 
plate current; then try again with the cathode 
tap on either side of the first position. The 
setting of the cathode tap which gives the 
lowest plate-current reading is the one to use. 
With a 350-volt supply, the no-load plate 
current should run around 25 or 30 ma. 
The next step is to connect the output circuit 

to the line. Set the coupling clip so that neither 
Cs nor C7 is being shorted (the condition of 
loosest coupling). The plate current under load 
should increase to 30 or 40 ma., depending 
upon the frequency of the transmitter. 
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Fig. 1806 — Circuit diagram of the master-oscillator power-amplifier wired-wirele.s transmitter. 
— 0.002-mfd. mica. C17 — 350-aafd. variable. 

Ca — 350-pfd. variable. Cis, Cie — These condensers come-
Ca — 500-add. mica. spond to CI in Fig. 1802. 

CaO — 0.002-pfd. mica, 1000 volts. 
RI —0.1 megohm, 1-watt. 
Rs — 50,000 ohms, 1-watt. 
Ra — 300 ohms, 1-watt. 
R4 — 50,000 ohms, 1-watt. 
Rs — 20,000 ohms, 1-watt. 
Re — 300 ohms, 10-watt. 
R7 15,000 ohms, 10-watt. 

C4 to C1), inc. — 0.1-mfd. paper, 600 
volts. 

Cao — 0.002-afd. mica, 2500 volts. 
C11, C12 — 350-pafd. variable. 
Cla 0.002-pfd. mica, 2500.volts. 
C14 — 0.1-pfd. paper, 600 volts. 
C12 — 0.002-pfd. mica, 1000 volts. 
Cie — 0.002-afd. mica, 5000 volts. 

The quality of the note can be checked by 
listening to a harmonic with the communica-
tions receiver set to its lowest frequency range. 
As the coupling is increased the note will 
become rough or "yoopy", indicating that the 
coupling is too tight or that the cathode 
tap needs adjustment. The note will roughen 
up before it chirps; the roughness can be 
tolerated, but the chirp makes copying difficult. 
Be careful when making adjustments — 

you will have deliberately hooked onto the 
115-volt line, and you can get a good shock 
from it! 
M.o.p.a. transmitter — The photograph of 

Fig. 1805 illustrates a typical transmitter of 
the m.o.p.a. type. The circuit diagram appears 
in Fig. 1806. The tube line-up consists of a 
6C5 Hartley oscillator, 6SK7 buffer, and push-
pull 802 final amplifier. In addition to the r.f. 
circuits, the chassis also includes a plate-and-
screen modulator for 'phone work, and a power 
supply. The wiring diagram of the modulator 
unit is shown in Fig. 1807. 

This transmitter operates at an input of 
about 20 watts, with a final plate current of 

Fig. 1807— Circuit diagram of the modulat-
or used with the m.o.p.a. c.c. transmitter. 
Ci — 10-afd. electrolytic, 25 volts. 
C2 — 8-pfd. electrolytic, 450 

volts. 

Alk - 1 
Ca 10-kfd. electrolytic, 50 

volts. 
Ri —0.5-megohm volume 11 

control. 
Ra 1000 ohms, 1-watt. 
Ra —125 ohms, 10-watt. 
Ti — Single-button microphone-to-grid 

transformer. 
Ta Interstage audio transformer. 
Ta -•••• Modulation transformer, 5000 ohms 

plate-to-plate to 3000-ohm load. 

La — 160 turns No. 28 e. on 134-
inch form, tapped 50th turn 
from bottom. 

La — 90 turns No. 22 e. on 3-inch 
form. 

Ls — 90 turns No. 22 e. on same 
form as La, half each side 
of La. 

L4 — 80 turne No.18 e. on 3%-inch 
form, tapped at center. 

La — See section on coupling. 
RFC — 30-m h. choke. 

70 ma. and screen current of 30 ma. It is, 
however, capable of handling higher power 
with increased final-amplifier plate and screen 
voltages. 
Almost any combination of tubes could be 

used in a similar arrangement. Triodes will 
require neutralizing circuits, of course. 
Combination transmitter-receiver — In 

Fig. 1808 is shown the circuit diagram of a c.c. 
transmitter-receiver. The receiver consists of a 
6SJ7 regenerative detector and a single-stage 
audio amplifier with a 6C5, preceded by an 
untuned stage of r.f. using a second 6SJ7 with 
the hot side of the power line tied directly 
to the grid. The detector is quite conventional. 
R7 is the regeneration control. The receiver 
coils, LI, L2 and L3, are scramble-wound with 
No. 32 enameled wire, on a piece of cardboard 
tubing about one and one-half inches in diame-
ter. The secondary, L2, should be wound on 
first and covered with a layer of friction tape. 
The primary, LI, is then wound close to the 
grid end of L2, and the tickler, L3, close to the 
ground end. Finally, the entire coil should 
be given another covering of friction tape. 

4.250 +500v, 
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Fig. 1808 — Circuit dia-
gram for a combined trans-
mitter-receiver for carrier-
current communication. 
Ct — 700-asid. variable. 
C2, Ca, C4 — 0.01 dd. 
Ce — 250-add. mica. 
Ce — 0.25 dd. 
C7, C8 — 500-add. mica. 
Ce 0.1 afd. 
Cm, Cii — 0.002 dd. 
Cl2 0.006 pfd. 
Cat — 250-add. mica. 
C14 — 0.1 pfd. 
Cu, Cm— 8 dd., 450 volts. 
R2 — 1000 Ohms, 1-wall. 
118, R4, Re — 50,000 ohms, 

1-watt. 
Ra-2 megohms, l/2-watt. 
R7 — 50,000-ohm variable. 
R8 — 0.25 megohm, 34-

watt. 
R9 — 0.1 megohm, %-

watt. 
f Rio— 2500 ohms, 1-watt. 

Rai — 15.000 ohms,1-watt. , v RFC — 25 mh. to 80 mh. 

Si —S.p.d.t. toggle switch. 115 V., A.C. 
S2 —S.p.s.t. toggle switch. 
T — Power transformer: 350-0-350, 5 and 6.3 volts. 
I.4 — 100 turns No. 32 e.,1%-iuch diameter; see text. 
L2 — 300 turns Bo. 32 e., 1%-inch diameter; see text. 

145 — 75 turns No. 32 e., 1 •¡-incli diameter; Bee text. 
L4 — 150 turns No. 18 e., 2%-inch diameter, tapped at 

50 turns from grid end. 
— 15- to 30-henry filter choke. 

The ground connections which are shown in the diagram indicate connections to the chassis and not to actual earth. 

The transmitter is a regulation Hartley 
oscillator using a 61,6G. With the plate 
voltage available the input runs about 12 
watts. The note should be crystal d.c. 
The power supply is common to both the 

receiver and transmitter, the receiver acting as 
a bleeder for the supply. 

All condensers are of the tubular type except 
the transmitter tank condenser, the grid con-
densers, and the variable used for detector tun-
ing. The latter is a two-section gang condenser 
of 365 pfd. capacity per section, with both 
sections in parallel. If the system shown in the 
circuit diagram is used, all ground connections 
shown must be made to the chassis and not to 
actual ground; otherwise, the key will short-
circuit the line. The chassis must not be 
grounded. If it is desired to ground the chassis 
for safety, place C14 between the arm of S1 and 
the ungrounded side of the line. The chassis 
may then be grounded and the danger of 
shock or short-circuit removed. A 25-mh. to 
80-mh. r.f. choke inserted between the key and 
L4 will improve the keying. A 0.1-mfd. by-pass 
condenser should then be placed across the key. 

111 Receiver Construction 
Receivers for frequencies below 550 kc. are 

not readily available under wartime conditions. 
However, almost any superheterodyne re-
ceiver can be converted to operate on 150 kc. 
by making simple changes in the oscillator and 
tuned circuits. 

While the circuits used in superheterodynes 
vary considerably from one model to another, a 
typical arrangement is that shown in Fig. 1809. 
The oscillator circuit, before necessary changes 
are made, is shown at A, while B is the revised 

(A) 

circuit. C2 is the series tracking condenser in 
the oscillator circuit; this condenser is re-
moved and connected in parallel with C1, the 
oscillator tuning condenser. Fig. 1809-B shows 
the radio-frequency circuit. L1 and L2 are re-
moved and the coils shown in B are connected 
in place of those removed. The dimensions of 
the coils are given in the drawing. Coil L2 has 
approximately 300 turns and L1 approximately 
25 turns. Both coils may be boiled in wax. 
After cooling, they should be wrapped with 
cotton tape so they will hold their form. 

AV C 

Fig. 1809 — Circuit changes required for converting a 
b.c. superheterodyne receiver for operation in the 150-
160 kc. region. A, normal oscillator circuit; B, revised 
oscillator circuit; C, normal r.f. circuit (mixer input); 
D, revised r.f. circuit, showing cross-section of coil for 
tuning to 150 kc. See text for further description. 
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Fig. 1810 — Top view of the superheterodyne carrier-
current converter. Note the adjusting screw for the 
output tank condenser, Cr, in front of the 6SA7 tube. 

The simpler regenerative-detector receivers 
have also been used successfully for carrier-
current work. The basic circuit of the simple 
regenerative receiver described in Chapter 
Eleven (Figs. 1101-1105) may be used with 
the provision of suitable coils and tuning con-
densers. Using a broadcast-type 365-ppfd. 
variable condenser for C1, L1 may be 120 turns 
of No. 32 enameled wire wound on a 3-inch 
diameter form and L2 about 20 turns an the 
same form as Li. 
The three-tube wide-range general-coverage 

and bandspread superheterodyne receiver de-
scribed in the same chapter (Figs. 1111-1119) 
also is suitable for carrier-current use when the 
low-frequency coils (range A) are plugged in. 

A Superhet Converter— A simple super-
heterodyne converter for carrier-current work 
is shown in Figs. 1810 and 1812. 
The circuit of the converter, shown in Fig. 

1811, is quite conventional. It consists of a 
6SA7 mixer tube with the output on 1950 kc., 
so that it can be hooked into any communica-
tions receiver which will tune to 1950 kc. The 
grid circuit tunes the range 150 to 200 kc. and, 
in order to give the output frequency of 1950 
kc., the oscillator tunes from 1800 to 1750 kc. 
The oscillator could also be made to tune from 
2100 to 2150 kc., but by using the former 
range it can be checked on a communications 
receiver which covers only the amateur bands. 
The converter is built on a 7 X 7 X 2-inch 

chassis. The tuning condensers, C1 and Cs, are 
bolted to the chassis in a position such as to 
allow the panel to be supported by their panel 
bushings. The toggle switch and the screw 

110V.A C 

Fig. 1811 — Wiring diagram of the c.c. converter. 
Ci — 100-ppfd. variable (Hammarlund MC-100-S). 
C2, Ca 260-551d. trimmer (Hammarlund CTS-160). 
Cs 20-ppfd. variable (Hammarlund MC-20-S). 
Cr —  350-ppfd. mica trimmer (Hammarlund CTS-230). 
Ce 50-ppfd. mica. 
C7 —  0.1 µM. paper, 400 volts. 
Cs —  0.01 pfd. paper, 600 volts. 
Co — 0.1-pfd. paper, 600 volts. 

Cis, Cii — 8-pfd. electrolytic, 450 volts. 
Ri — 20,000 ohms, 1/2-watt. 
Its — 20,000 ohms, 1-watt. 
Si — D.p.s.t. toggle switch. 
Ti — Power transformer, 240-0-240 volts 

each side of center-tap, 6.3-and 5. 
volt filament windings (Thordarson 
T-13R19). 

L — 8 henrys, 40 ma. (Thordarson T-13C26). 
L1 — 175-kc. i.f. transformer replacement 

winding (Carron S735). Antenna 
. winding is 11 turns of No. 32 d.s.c. 

wire wound over 
L2 — 43 turns No. 32 d.s.c., close-wound on 

1-inch diameter form. Cathode tap 
at 5th turn from ground end. 

— 50 turns No. 32 d.s.c., close-wound on 
1-inch diameter form. Output coil 
is 14 turns of No. 32 d.s.c., close-
wound, h -inch from La. 

Fig. 1812 —This bottom view of the con-
verter also shows the panel layout. The out-
put tank coil, LS, can be seen in the center 
of the chassis; L2 is directly under the oscilla-
tor tuning dial, and the mixer grid coil, Li, can 
be seen at the right, next to the toggle switch. 
Padding condensers C4 and C2 are mounted 
on the left- and right-hand sides of the chassis, 
beneath their respective tuning condensers. 
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Fig. 1813 —Circuit diagram of 
the low-frequency carrier-current 
converter. The oscillator range is 
1710 to 1950 kc. for 1600-kc. 

Ci — 250-ppfd. variable. 
C2, C.4 3-30-ppfd. mica trim-

mer. 
Ca — 250-ppfd. variable with 9 

rotor plates removed. 
C5 — 3-130-ppfd. mica trimmer. 
Cs, C7, Cs, C9 0.1-pfd. paper. 
Cie — 100-ppfd. mica. 
Bi — 300 ohms, 34watt. 
Ri — 50,000 ohms, Y2-watt. 
Ra — 50,000 ohms, 5.-watt. 
Li — 1 mh. 
L2 — 5 nth. 
La — 200 turns No. 28 e., Vs-inch 

diameter, close-wound. 
Ls — Oscillator tickler (approxi-

mately 20 turns). 
T — 465-kc. i.f. transformer, remodeled 

to tune to 1600 kc. 

110 V. 

¡ 
ganqed 

250V Fl 

holding the oscillator coil also help to hold the 
panel to the chassis. The mixer and oscillator 
padding condensers, C2 and C4, are fastened 
to the sides of the chassis, under their respec-
tive tuning condensers, and Cg, the output-
circuit tuning condenser, is mounted on the 
chassis directly behind the 6SA7. The output 
coil, Idg, is fastened to the chassis near its 
tuning condenser. Both L2 and Lg are wound 
on one-inch bakelite forms. L1 is a winding 
taken from a 175-kc. i.f. transformer. 
The primary winding for L1 is put on after 

two layers of cellophane tape have been wound 
over L1 to serve as insulation. The primary 
then is wound on and cemented with coil 
dope or Duco cement. 
The converter is put into service by con-

necting its output to the input of a communica-
tions receiver and plugging in the line cord of 
the converter. While both the converter and 
receiver are warming up, set the receiver to 
1950 kc. Then adjust the output trimmer, Cg, 
for maximum noise from the receiver. Next, 
check the converter oscillator range by setting 
the oscillator tuning condenser, C3, to mini-
mum capacity and the receiver to 1800 kc. 
It should then be possible to tune in the 
converter oscillator signal by adjusting C4 
until the signal is heard. Check the range of 
the oscillator by setting C3 at maximum; if 
it can be tuned in at 1750 kc. on the receiver, 
the range is right on the nose. If the range is 
too great (oscillator frequency lower than 
1750 kc. at maximum capacity), it indicates 

Relay 
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Fig. 1814 — Circuit of the C.C. 
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that fewer turns are required on L2, and vice 
versa. The range is not critical, of course, since 
the converter is not ganged. 
The receiver can now be reset to 1950 kc. 

and C1 and C3 set to the middle of their ranges. 
After adjusting C2 for maximum noise (with 
Si closed), the converter is lined up for action. 
It will be found that the mixer tuning control 
is not too sharp and will need attention only 
after the signal has been tuned in with the 
main tuning control, Cg. Remember that C3 
tunes backward to the usual way: i.e., the con-
verter is tuned to 150 kc. when it is at mini-
mum capacity and to 200 kc. when it is at 
maximum capacity, the reverse of the mixer 
condenser action. 
The coupling switch, Si, is included so that 

the converter will not receive r.f. during trans-
mission periods. It should be used to disconnect 
the converter from the line whenever the 
transmitter is being keyed. 
A 6K8 converter — The circuit diagram of 

another converter for low frequencies is shown 
in Fig. 1813. It is designed for an i.f. of 1060 
kc. and the output circuit must be tuned to 
this frequency. 

All of the coils used in the grid circuit of 
the mixer section are universal-wound r.f. 
chokes. The tuning range has been extended 
on either side of the 150- to 200-kc. band in 
order to permit listening to radio stations op-
erating on neighboring frequencies. 
Remote-control relay — The circuit dia-

gram of a relay which may be operated from a 
carrier-current signal for the purpose of con-
trolling remotely an external circuit is shown 
in Fig. 1814. The series circuit, LC, should be 
resonant at the frequency of the distant trans-
mitter. When the signal is applied, the potential 
between the cathode and the starter anode is 
increased. If sufficient starter-anode current 
flows the discharge is transferred to the anode, 
which causes the relay to close until the signal 
is removed. The relay may be used to operate a 
lamp or bell, turn on a receiver, or to perform 
other similar remote-control operations. 



CHAPTER NINETEEN 

Measurements aim Measuring 

Equipment 

THE PROPER OPERATION of all but the 
very simplest of transmitters and receivers 
calls for the use of measuring instruments of 
various types. While the amateur station can 
be operated successfully with nothing more 
than a means for checking transmitter fre-
quency and power input — and modulation, in 
the case of a 'phone transmitter — the progres-
sive amateur is interested in instruments and 
measurements as an aid to better performance. 
The measure of the perfection of an amateur 
station, once a satisfactory transmitter and 
receiver have been provided, is the extent and 
utility of the auxiliary measuring and checking 
apparatus available. 

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, 
and (2) direct-reading instruments or meters 
previously calibrated in terms of the quantity 
being measured. 
Methods of making the measurements re-

quired in the amateur station will be discussed 
in this chapter, and representative types of the 
instruments used in making these measure-
ments will be described. 

Fig. 1901—Simple absorption frequency meter with 
plug-in coils covering the frequency range 1.1 to 120 
Mc. with overlapping ranges. A link-coupled flashlight 
bulb is used as a resonance indicator. The dial plate is 
mounted on an insulating disc which serves as a handle. 
Coil forms are cut down to facilitate close coupling. 

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. modulated by 
standard audio frequencies of 440 and 4000 
cycles per second, the former, corresponding to 
A above middle C. In addition, there is a 0.005-
second pulse every second, beard ass 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 the station announcement and 
to provide an interval for checking r.f. meas-
urements. The station announcement is the 
call, WWV, sent in code, except on the hour 
and half hour when it is given by voice. 
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. 

&Frequency Measurement 

Dependable frequency-measuring apparatus 
is desirable in the amateur station for several 
closely related purposes: 

To insure that the transmitter is operated in 
the desired frequency band. 

To set the transmitter to a desired frequency 
(if a self-controlled oscillator is used). 

To determine the frequency of a received sta-
tion, or to calibrate the receiver. 

To determine the harmonic at which a fre-
quency multiplier stage operates. 

To determine the harmonic output of the 
transmitter. 
Sec. 12.135 of the FCC Regulations states: 
The licensee of an amateur station shall provide for 

measurement of the transmitter frequency and establish 
procedure for checking it regularly. The measurement of the 
transmitter frequency shall be made by means independent 
of the frequency control of the transmitter and shall be of 
sufficient accuracy to assure operation within the frequency 
band used. 

Frequency (§ 2-7) is measured by counting 
the number of cycles or oscillations per second. 
Since this cannot be done directly, except at 
very low frequencies, in practice the measure-
ment is made (a) by noting the response of a 
selective resonant device, such as a tuned eir-

392 
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cuit (absorption frequency meter, Wien bridge, 
etc.) or mechanical resonator (tuning fork, 
vibrating reed, etc.) previously calibrated in 
terms of frequency, or (b) comparing the un-
known with a known frequency from a separate 
source, either matching it directly with a 
variable calibrated source (heterodyne fre-
quency meter), or measuring the difference be-
tween it and a fixed source (frequency stand-
ard) the frequency of which is known with 
high precision, by interpolation. 
Calibrated receiver —In the absence of 

more elaborate frequency-measuring equip-
ment, a calibrated receiver may be used to indi-
cate the approximate frequency of an oscil-
lator. If the receiver is well-made and has good 
inherent stability, a bandspread dial calibra-
tion can be relied on to within perhaps 0.2 per 
cent. Some manufactured models having fac-
tory calibration may be used to even closer 
limits. For most accurate measurement the 
oscillator should be unmodulated and maxi 
mum response in the receiver indicated by a 
carrier-operated tuning indicator (§ 7-13), the 
receiver beat-oscillator being turned off. 
When checking transmitting frequency the 

receiving antenna should be disconnected. If 

LINE 

Fig. 1902 — The emple 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. 

B — 1.4-volt 50-ma, dial light. 
C — 150.11µfd. variable (Cardwell MR -150-BS). 
L — Plug-in coils wound on 1%-inch diameter forms: 

Freq. Range Wine Size Turns Length Link 

1.1-3.5 Mc.2 No. 28 e. 81% 
2.5-8.0 Mc.2 No. 24 t. 37% 
4.5-14 Mc.2 No. 20 t. 17% 
7.5-25 Mc.2 No. 16 t. 8% 
22-70 Mc. No. 16 e. 2% 
40-120 Mc. No. 16 e. % 

1 je 17 turns 
ljé," 11 " 
1 w, 6 

IX" 4 " 
1" 2 " 

% I. 

1 Closewound, No. 30 d.s.c., 3%-inch from primary. 
2 Available commercially (Ilammarlund SW K-4). 

the signal blocks the receiver, the transmitter 
frequency can be checked by listening to the 
oscillator, with the power amplifier turned off. 
Absorption frequency meters — The sim-

plest type of frequency meter consists of a coil 
and condenser, tunable over the frequency 
range desired (Figs. 1901-1902). A frequency 
meter of this type, when tuned to the frequency 
of the transmitter and loosely coupled to the 
tank coil, will extract a small amount of energy 
from the tank. This energy can be used to light 

Fig. 1903 — A sensitive absorption-type frequency meter 
with a crystal-detector rectifier and d.c. milliammeter 
indicating circuit. Individual calibration charts mounted 
directly on each coil form make the meter direc t-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. 

a small flashlight lamp. Maximum current will 
flow when the frequency meter is tuned ex-
actly to the transmitter frequency; hence, the 
brightness of the lamp indicates resonance. A 
more accurate indication may be obtained by 
use of a thermogalvanometer or vacuum-tube 
voltmeter. A crystal detector may also be used 
(Figs. 1903-1904). (Bib. 1.) 
Although this type of frequency meter is not 

well adapted to precise measurement of fre-
quency, it is useful for checking (1) the funda-
mental frequency of an oscillating circuit, (2) 
presence and order of amplitude of harmonics, 
(3) frequency of parasitic oscillations, (4) neu-
tralization of an amplifier, (5) field strength on 
a qualitative basis, (6) presence of r.f. in unde-
sired places such as power wiring, or any other 
application where the detection of a small 
amount of r.f. and measurement of its fre-
quency may provide useful information. 

Fig. 1904—Indicating frequency-meter circuit diagram. 
Ci — 140-,,,,fd. variable (Hammarlund 11FA-140-A). 
C2 - 0.001-pfd. mica. 
D — Fixed crystal detector (Philmore). 
LI, — Same as in Fig. 1902.* 
M — 0.1 d.c. milliammeter (Triplett Model 321). 
RI — 3-ohm shunt; see general data on meter shunts. 
S — S.p.s.t. toggle switch. 
If meter reads backwards, reverse crystal connections. 
* Because the impedance of individual crystal detec-

tors varies considerably, experiment with the number of 
turns on L2 is necessary for maximum current indication. 
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Fig. 1905 — Electron-coupled heterodyne frequency 
meter with harmonic 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. 

Calibration of the absorption frequency 
meter is most easily accomplished with a re-.. 
ceiver of the regenerative type to which the 
coil in the meter can be coupled. With the de-
tector oscillating weakly, the frequency meter 
should be brought near the detector coil and 
tuned over its range until a setting is found 
which causes the detector to stop oscillating. 
The coupling between meter and receiver 
should then be loosened until the stoppage of 
oscillation occurs at only one spot on the meter 
tuning dial. The meter is then tuned to the 
frequency at which the receiver is set. If the 
receiver is set on several stations of known fre-
quency, a number of points for a calibration 
curve can be obtained for each coil. 
The same method may be used with a super-

heterodyne receiver, but it must be remem-
bered that the oscillator frequency differs from 
the signal frequency by the intermediate 
frequency. For instance, if the receiver dial 
reads 6500 kc. and the receiver i.f. is 456, the 
oscillator frequency will be 6956 kc., which is 
the frequency which should be marked on the 
meter calibration scale. It is necessary to know 
whether the oscillator is on the high or low side 
of the incoming signal; in most receivers it is on 
the high side throughout, but in some it is shifted 
to the low side on the high-frequency ranges. 

If the oscillator coils in the receiver are not 
accessible, the frequency meter may be ca-
pacity coupled through a few turns of insulated 
wire wrapped around the frequency-meter coil, 
one end of the wire being placed near the stator 
plates of the oscillator condenser. 
For transmitter frequency checking a flash-

light lamp or other indicator is not entirely 
necessary, since resonance will be indicated by 

a change in the plate current of the stage being 
checked as the meter is tuned through reso-
nance. However, for locating parasitic oscilla-
tions, determining amplitude of harmonics, 
checking neutralization, locating stray r.f. 
fields, etc., a sensitive indicator is indispensable. 
The inherent errors in the absorption-type 

frequency meter ordinarily limit its useful ac-
curacy to about 1 per cent. 
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 
transmission line or Lecher-wire system. Such 
a line shows pronounced resonance effects, and 
it is possible to determine quite accurately the 
current loops (points of maximum current). 
The distance between two consecutive current 
loops is equal to one-half wavelength. Thus 
the wavelength can be read directly in meters 
(inches ÷ 39.37 if a yardstick is used), or in 
centimeters for the very short wavelengths. 
Further details on the practical application of 
this system are given in Chapter Sixteen. (Bib. 2 .) 
Heterodyne frequency meters — For more 

accurate measurement of transmitter fre-
quency, a heterodyne frequency meter is used. 
This is a small, completely shielded oscillator 
with a precise frequency calibration covering 
the lowest frequency band in use. It must be 
so designed and constructed that it can be 
accurately calibrated and will retain its calibra-
tion over long periods of time. 
The signal from this oscillator (or a har-

monic thereof) is fed into a receiver or simple 
detector together with the signal to be meas-
ured, and the two frequencies are heterodyned. 
When the frequency-meter oscillator is tuned 
to zero beat with the signal, its frequency or 
the harmonic multiple is the same as the un-
known frequency, and the latter therefore can 
be read directly from the frequency-meter dial. 
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 it is flimsily built. 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 ceram-
ics for insulation. Plug-in coils or switches 
ordinarily are not acceptable; instead, a solidly 
built and firmly mounted tuned circuit should 
be permanently installed and the oscillator 
panel and chassis reinforced for rigidity. 
To obtain high accuracy, the frequency me-

ter must have a dial which can be read precisely 
to at least one part in 500; ordinary dials such 
as are used for transmitters and inexpensive re-
ceivers are not capable of such precision with-
out the addition of vernier scales. Select a dial 
which has fine lines for division marks, and 
which preferably has an indicator close to the 
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dial scale so that the readings will not appear 
different because of parallax when the dial 
is viewed from different angles. 
A stable oscillator circuit suitable for use in 

a heterodyne frequency meter is the electron-
coupled circuit (* 4-2). The oscillation fre-
quency is practically independent of moderate 
variations in supply voltages, provided the 
plate and screen voltages are properly propor-
tioned, and it is possible to take.output from 
the plate with but negligible effect on the fre-
quency of the oscillator. A third feature is that 
strong harmonics are generated in the plate cir-
cuit, so that the .meter is useful over a number 
of frequency bands. A typical electron-coupled 
frequency meter is shown in Figs. 1905-1907. 
When the frequency meter is first turned on 

some little time is required for the tube to reach 
its final operating temperature; 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 
3500-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-
regulator tubes in the power supply and low-
drift silvered-mica or zero temperature-coeffi-
cient fixed condensers in the tuned circuit. A 
small negative temperature-coefficient capacity 
may be included to compensate for residual drift. 

Calibration of the frequency meter is readily 
accomplished if a low-frequency standard 
(discussed later in this chapter) is available, the 
required calibration points being supplied by 
harmonics from the standard. The frequency 
meter is tuned to zero beat with these har-

Fig. 1906— Circuit diagram 
of the electron-coupled het-
erodyne frequency meter. 

Ci — 350-ppid. zero-drift. 
Cz — 40-ppfd. negative temp. 
Cs — 100-ppfd. midget. 
C4 — 50-ppfd. trimmer. 
C5— 100-ppfd. silver-mica. 
Ce, Cs — 0.005-pfd. mica. 

C7, Q., C10 — 0.002-dd. mica. 
Cli — 25-pfd. 25-volt electrolytic. 
C12— 0.01-pfd. 400-volt paper. 
Cis — 0.5-pfd. 400-volt paper. 
C14 — Dual 8-pfd. 450-volt elec-

trolytic. 
Rt, R2 — 1 megohm, 2-watt. 
R5-200,000 ohms, 34-watt. 

R4 — 150 ohms, Y2-watt. 
Rs — 5000 ohms, 1-watt. 
Re — 50,000 ohms, 2-watt. 
R7 —3500-ohm, 10-watt wire-wound. 
Rs — 2500-ohm, 5-watt wire-wound. 
Li — 60 turns No. 24 d.c.c., close-wound on 

1%-inch diameter, tapped at 12 turns. 
— 10-henry 40-ma, filter choke. 

I.FC —65 turns No. 28 e. close-wound, 94e-inch 
diameter. 

T — 300-volt, 50-ma, power transformer. 

monies, using either a built-in detector or the 
station receiver to combine the two signals to 
provide an audible beat. When a sufficient 
number of points have been established they 
may be marked on graph paper, and a calibra-
tion curve drawn. For maximum convenience, 
a direct-reading dial scale can be constructed. 

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. 

Fig. 1907 — Rear view of the electron-coupled hetero-
dyne frequency meter. The 7 X 7 X 2-inch chassis is 
supported by two brackets for rigidity. It is raised suffi-
ciently to accommodate the height of the coil shield 
underneath; this also enables mounting the tuning con-
denser directly on the chassis. The voltage-divider re-
eistors are mounted outside to keep heat from the coil. 
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Fig 1908— A 50-, 100- and 1000-kc. electron-coupled 
frequency standard, using a dual-purpose 117L7GT tube 
which serves as both rectifier and oscillator. It is built up 
complete with transformerless power supply in a 3 X 4 
X 5-inch metal box. The controls are the main tuning 
dial, power on-off switch, and frequency selector switch. 

Tu use, the signal from the frequency meter 
may be fed into the receiver by connecting a 
wire from the plate of the oscillator through a 
very small capacity to the input of the re-
ceiver. The signal to be measured is then tuned 
in in the usual way and the frequency meter 
adjusted to zero beat. 
For convenience in checking the frequency 

of the transmitter or other local oscillators 
which generate sufficiently strong signals, it is 
desirable to incorporate a detector in the fre-
quency meter which will combine the signals 

Fig. 1909 —Wiring diagram of the 
50-, 100- and 1000-kc. standard. 

— 100-aafd. midget variable 
(Hammarlund 1IF-100). 

C2 — 250-patil. mica. 
CS, C4 — 0.02-mfd. 400-volt paper. 
CS — 500-pufd. mica. 
CS — 0.001-afd. mica. 
— 0.002-afd. mica. 

CS -- 50-µpfd. mica. 
CO3 C10 —  8-afd. 450-volt 

electrolytic. 
RI, 112-50,000 ohms, 1-watt. 

II7L/GT 

and deliver the audio beat-note output to 
headphones or to a visual zero-beat indicator. 
A frequency-converter tube such as the 6L7 or 
6SA7 is especially suited for this purpose. 
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 may 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. 
Frequency standards —  To make more pre-

cisé frequency measurements, particularly of 
amateur-band limits, a secondary frequency 
standard is required. This is a highly stable 
low-frequency oscillator, usually operated at 
50 or 100 kc., the harmonics of which are used 

Fig. 1910—Inside the c.c. frequency standard. Care 
ful planning is necessary to get all parts in w ithout 
crowding the inductances. Fine wire is used for all r.f. 
connections, to minimize vibration effects. The polysty-
rene bushing on the left side is the output connection. 

OUTPUT 

1000 KU 

form. Cathode tap at 30th turn from ground. 
Ra, Ra —0.1 megohm, 1-wa tt. L2 — 2.5-mh. r.f. choke. Cathode tap is between first and 
RFC —2.5-mh. r.f. choke, second pies from ground. 
Si — &position 2-circuit rotary switch (Mallory 3223J). 1,3 — 2.5-mh. r.f. choke, at right angles to L4. 
S2 —  S.p.s.t. toggle snitch. Li — 2.5-mh. r.f. choke. Cathode tap between second 
Li —  100 turns No. 34 d.c.c. close-wound on 9/16-inch and third pies from ground. 
NOTE - Because of manufacturing tolerances in rd. chokes and condensers, additional capacity may be required 
on the 50- and 100-kc. ranges. If Ci does not tune to desired frequency, add 100 add. to CS or C7 as required. For 
additional output, decrease RI to 25,000 ohms. Single-wire power cord eliminates danger from shock with chassis 
connected to one side of line; plug must be correctly inserted or tube will not light. A ground connection is essential. 

3 
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to provide reference points every 50 or 100 kc. 
throughout the spectrum. Since all amateur 
band edges fall at multiples of these frequen-
cies, it is possible to establish band limits with 
extreme accuracy. A 1000-kc. frequency is 
often added to facilitate preliminary identifica-
tion of frequency ranges, especially on v.h.f. 
An electron-coupled oscillator built accord-

ing to the principles previously outlined for 
frequency meters, with a tuned circuit for 50 
or 100 kc., will serve as a simple ind inexpen-
sive standard. Such a unit is shown in Figs. 
1908-1910. (Bib. 3.) A standard of this type is 
inherently more accurate than a heterodyne 
frequency meter because (a) the lower-fre-
quency oscillator has better inherent stability 
and (b) the frequency setting once made is not 
thereafter changed, eliminating the reset and 
calibration errors. Even better long-time staz 
bility can be obtained from a crystal-controlled 
oscillator of the type shown in Figs. 1911-1913. 

616 

H H 

C3 R2 

L2 
C2 

R3 

•/. C4 CS 
Fig. 1911 — Circuit dia- *, 
gram of the dual-fre-
quency 100-1000-kc. 
crystal-controlled secon-
dary frequency standard. 6.3y -2505 4. 
C1 — 35-gpfd. midget variable (Hammarlund IIF-35). 
Ci — 100-mpfd. mica trimmer (Ilammarlund CTS-85). 
Ca, C4, Ca — 0.1-pfd. 400-volt paper. 
Ca — 0.001-pfd. midget mica. 
111 — 5 megohms, )4-watt. 
Ri — 500 ohms, )4-watt. 
Ra — 25,000 ohms, 1-watt. 
R4 0.25 megohm, 3-watt. 
Li — 8-mh. r.f. choke (Meissner 1920-78). 
122 — 2.5-mh. r.f. choke (all but one pie removed). 
Si — D.p.d.t. toggle switch. 
S3 — S.p.s.t. toggle switch. 
Crystal — Bliley SMC-100. 

co 

OUTPUT 

R4 

For highest accuracy in frequency measure-
ment and calibration, the most suitable instru-
ment is a precision crystal-controlled secondary 
standard, provided with a multivibrator (§3-7) 
for frequency division (Figs. 1914-1915) to 
mark 10-kc. intervals throughout the commu-
nications spectrum. The frequency of a signal 
can then be checked by noting its location with 
respect to two adjacent 10-kc. points on the 
dial of a calibrated receiver or heterodyne fre-
quency meter and estimating the exact fre-
quency by interpolation. 

Although ordinary amateur practice does 
not require greater accuracy than is possible 
with this method, except at band edges, even 
more precise measurements can be made by 
the use of an interpolation oscillator. This is a 

Fig. 1912 — & 100-1000-kc. crystal-controlled fre 
quency standard. The special X-cut crystal oscillates at 
either of two frequencies, determined by its thickness 
(1000 kc.) and length (100 kc.). Either is selected by a 
switch which connects in a tuned circuit resonant at the 
desired frequency. A parallel trimmer across the crystal 
permits adjusting the frequency to precisely 100 kc. 
(provided natural crystal frequency is on the high side). 
Output is taken through insulated bushing at upper left. 

calibrated audio oscillator used in the same 
manner as a heterodyne frequency meter; it is 
set at zero beat with the beat-note resulting 
from the combination of the unknown signal 
frequency with the nearest 10-kc. multi-
vibrator harmonic. For example, if the "un-
known" frequency is 3514 kc., it will produce a 
4000-cycle beat with the 3510-kc. harmonic. 
When the audio oscillator is set at 4000 cycles 
it will zero-beat with this beat-note. Thus the 
frequency can be read direct from -the dial of 
the a.f. oscillator to within a few cycles. 

Fig. 1913 —Interior of the 100-1000-kc. standard. 
The crystal is mounted at right center, beside the socket. 
(If crystal does not oscillate on 1000 kc. when mounted 
in horizontal poaition, try other positions). Trimmer for 
1000-kc. plate circuit is at lower left, near the crystal 
trimmer; the 8-mh. choke for 100-kc. is at upper left. 
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Before adjusting a frequency standard, at 
least a 15-minute warm-up period should be al-
lowed. For initial adju,stment, couple its out-
put into a broadcast receiver and adjust the 
oscillator to zero beat with a b.c. station oper-
ating on a multiple of 100 kc. If the oscillator 
is self-excited a second station 100-kc. away 
should be checked, to make sure it is working 
on 50 or 100 kc. rather than another frequency 
which gives an odd harmonic. Since broad-
casting stations are required to stay within 
20 cycles of assigned frequency, the maximum 
error will be less than 30 parts in one million. 

3V All tare 

Fig. 1915— Circuit diagram of the 
Ci — Dual 365-ppfd. variable. 
C2, C3— 0.01-pfd., 400-volt paper. 
C4, C5 — 0.001-ad. midget mica. 
Ce, C7 —10.1t/afd. midget mica. 
Cs — 50-ppfd. midget mica. 
C2, Cao, Cil,'C12-0.1-pfd. 400-volt. 

Fig. 1914— A secondary frequency 
standard, incorporating a 100-kc low-
drift crystal oscillator, a 10-kc. multivi-
bra tor, and a harmonic amplifier-modu-
lator. The vernier dial is used for precise 
setting of crystal frequency. Controls 
along the bottom are, left to right: out-
put tuning, C14; on-off switch, Si; "B" 
switch, S2; multivibrator switch, S3, 
and multivibrator control, Rs. Power 
transformer, rectifier and regulator 
tubes are along the rear edge of the 
7 X 12-inch chassis. The crystal oscil-
lator is at the right, multivibrator tube 
in the center, and output circuit at the 
left. The output circuit is tuned to the 
band in use, with output taken either 
through C17 or a link winding. Output 
coupling is adjusted to give desired sig-
nal strength in the receiver. The crystal 
frequency can be adjusted to precisely 
100 kc. by the vernier dial control-
ling Ci. Switching the multivibrator sec-
tion on or off will cause a frequency 
change of less than 1 part in a million. 

For greatest accuracy the standard should 
be calibrated on the W WV transmissions (page 
392), which are accurate to better than a part 
in 10 million. These transmissions may be 
tuned in on a receiver operating on 5 Mc. (the 
receiver beat oscillator being turned off) and 
the standard adjusted until its harmonic is 
exactly at zero beat with WWV. The calibra-
tion- should be rechecked whenever precise 
measurements are to be made. 

In adjusting the multivibrator, two adja-
cent 100-kc. points are first noted on the dial 
of a calibrated receiver. The multivibrator is 

precision low-drift crystal-controlled 
Cu7 — 3-30-pfd. trimmer. 
RI — 1 megobm, 3/-watt. 
R2, Rs — 0.5 megohm, 1-watt. 
R4, R5— 50,000 ohms, 1-watt. 
Re, R7 20,000 ohms, 3/2-watt. 
Rs — 15,000-ohm potentiometer. 

C13 — 0.002-pfd. midget mica. 119 — 0.3 megohm, 3/-watt. 40 ma. 
CI4 — 140-ppfd. variable. Rio — 0.1 megohm, 1A-watt. Li — 7-henry, 40-ma, filter choke. 
C15, C16 —8-pfd. 450-volt electrolytic. Ria — 800 ohms, %-watt. Li — Plug-in coil for band in use. 
The crystal is a Bliley SOC-100 (supplied complete with oscillator coil in same mounting).Forchecking 1000-kc. points, 
a 150 microhenry coil (75 turns of No. 30 d.c.c.on a 1 2-inch form) may be substituted for the crystal unit, connected 
between points X-X in the diagram. With CI near maximum capacity, the oscillator circuit will tune to 1000 kc. 

100-kc. secondary frequency standard. 
1112 — 25,000 ohms, 1-watt. 
Ri:, — 50,000 ohms, 1-watt. 
R14 — 1500 ohms, 10-watt. 
RFC —2.5 mh. r.f. choke. 
Si, Si, Si — S.p.s.t. toggle. 
Ti — Power transformer, 250 volts, 



Measurements and Measuring Equipment 399 

(2) 

(3) 

(4) 

SIGNAL 

1  

HETERODYNE 
FREQUENCY 
METER 

RECEIVER 

HETERODYNE 
FREQUENCY 
METER 

SIGNAL 

10 K C. 1 
"'AULT 1 VI ORATOR' 

100 KC. 
STANDARD 

SIGNAL 

1  

HETERODYNE 
FREQUENCY 
METER 

RECEIVER 

10 KC. 
MULTIVIBRATOR 

100 KC. 
STANDARD 

A F 
INTERPOLATION 
OSCILLATOR 

then turned on, and its frequency control (R8 in 
Fig. 1915) set at half-scale. The number of 
separate audio beats between the two marked 
100-kc. points is then counted. If it is a number 
other than nine (indicating 10-kc. intervals), 
readjust R8 until nine beats are observed. 
Mark this point. Note also the points on the R8 
scale where 8 and 10 beats occur, indicating 
approximately 11- and 9-kc. separation. The 
odd frequencies are occasionally useful in 
checking frequencies very close to the 10-kc. 
harmonics where the low beat-frequency 
makes it difficult to secure zero-beat, particu-
larly when an interpolation oscillator is used. 
The 100-kc. points usually can be identified 

because they are louder than the 10-kc. har-
monics. This identification can be faCilitated 
by applying audio modulation to the 100-kc. 
signal only, causing the modulated points to 
stand out because of the distinctive tone. 

Fig. 1916 —Frequency measurement methods in com-
mon use. (1) A frequency meter (with built-in detector) 
used alone is the simplest arrangement for checking the 
frequency of local oscillators. (2) With a receiver, 
incoming received signals can be measured as well. (3) 
A heterodyne frequency meter can also be used as a 
linear interpolation oscillator in conjunction with a 100-
kc. standard, with or without a 10-kc. multivibrator. 
The standard provides accurate check points on the fre-
quency meter scale. Alternatively, a receiver (if ade-
quately calibrated) may be substituted for the frequency 
meter. (4) For greatest precision, method is used with 
an interpolation audio oscillator having a linear scale. 
With careful design and construction, high precision 
can be attained with methods (3) and (4). Using (3), the 
accuracy can be 0.01 per cent (100 parts in a million). 
Method (4) is accurate to 10 parts in a million-with 
ordinary equipment; when precision laboratory appara-
tus is used it is reliable to better than 1 part in a million. 

Interpolation — When measuring exact fre-
quencies with the aid of a frequency standard 
and multivibrator providing equi-spaced har-
monic points, it is necessary to determine the 
exact location of the unknown frequency by 
interpolation between adjacent standard har-
monics. This can be done (a) by use of a cali-
brated receiver or heterodyne frequency meter 
with a scale which is linear with ffequency, or 
(b) by comparison of the audio beat frequency 
with a calibrated audio oscillator. 

In method (a), the points at which the un-
known frequency and the nearest lower and 
higher harmonics appear on the dial of the re-
ceiver or frequency meter are noted, as shown 
in Fig. 1917. Knowing the exact frequencies 
of the harmonic points, fi and f2, the unknown 
frequency, f., can be determined as follows: 

—  
= .., (f2 

— Si 

where Si is the dial setting for fi, 52 for f2 and 
S. for f.. 
Method (b) consists of beating the standard 

and unknown frequencies in a detector and 
measuring the resulting audio frequency by 
zero-beating with a calibrated audio oscillator 
having a linear frequency range covering half 
the difference between adjacent harmonics 

{  I 
f •Io 

. woe.. 10eObtc. 

•20 

I I 

•SO .60 .70 .60 •SO fhn 

MULTIVIEIRATOR HARMONICS 

RECEIVER OR INTERPOLATION 
EREOUENCV METER OSCILLATOR 

SCALE SCALE 

Fig. 1917 — Use of interpolation methods in measur-
ing frequencies between standard harmonics. At the top 
is shown the relative location of the frequency-standard 
fundamental and harmonics in the spectrum, together 
with the multivibrator harmonics, as related to the un-
known frequency under measurement (f.). At the left is 
shown a small segment of this spectrum as it appears on 
the dial of a calibrated receiver or heterodyne frequency 
meter, and at right the appearance of the audio oscillator 
dial when using the comparison audio beat-note method. 
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(0-5000 cycles with a 10-kc. multivibrator), as 
shown in Fig. 1917. The measured frequency 
is then equal to the reading of the audio oscil-
lator, added to or subtracted from the nearest 
standard harmonic. To determine whether to 
add or subtract this audio difference, it is 
necessary that the frequency be known within 
5 kc. from the receiver (or auxiliary heterodyne 
frequency meter) calibration. 

In addition to the beat note resulting from 
the nearest adjacent harmonic, fi, there will 
also be another higher beat from f2. However, 
by tuning the receiver midway between fi and 

its adjacent-channel selectivity will dis-
criminate against f2 and reduce the higher beat 
note to a negligible level. 

1350 90° 45° 
P14851 

180° OR OR OR 0° RELATIONS 

225° 270° 315° 

H 

CgSâ) 
HORIZONTAL TIMING AXIS - 

VERTICAL TIMING AXIS 

6:1 

9:2 4V2 : I 

16:3 5V3:1 
Fig. 1918 — Lissajou's figures as used in measuring 
audio frequencies by comparison with a known source 
on a cathode-ray oscilloscope. Figures A through E illus-
trate the pattern produced by different phase relation-
ships when the two voltages have a 1:1 frequency ratio. 
Figures F through J show the same phase relationships 
with a 2:1 frequency ratio, the higher frequency being 
applied to the vertical plates. The next figure shows a 
ratio of 6:1, determined by counting the peaks of 
the waves in the horizontal plane (in this instance the 
higher frequency is applied to the horizontal plates). 
Complex ratios are identified by one or more cross-
overs, as indicated by the arrows opposite the 9:2 and 
16:3 figures. In principle, frequency ratios are deter-
mined by counting both horizontal and vertical peaks 
(number of cross-overs plus 1). Care must be taken not 
to confuse the back lines (return trace shown by light 
line in 6:1 figure) in counting cross-overs. This can he 
done by counting only those peaks which travel in the 
same direction across the screen when the frequency 
ratio is adjusted so that the pattern rotates slowly. 

The interpolation audio oscillator should 
have a scale which reads linearly with fre-
quency (as opposed to the logarithmic scale 
commonly found in laboratory oscillators). A 
beat-frequency oscillator with a straight-line-
capacity tuning condenser in series with the 
correct value of fixed capacity can be made to 
have such a scale. A resistance-capacity oscilla-
tor also can be made with a nearly linear scale. 
A suitable detector is a pentagrid converter 

(§ 7-9) with some form of zero-beat indicator in 
the plate circuit. The interpolation oscillator 
is connected to the oscillator grid and the audio 
beat note from the receiver to the signal grid. 
Zero-beat indicators — Use of the hetero-

dyne method of frequency comparison requires 
a means for determining when the known and 
unknown frequencies are synchronized; i.e., 
when they are at zero beat. The point at which 
zero beat occurs can be determined approxi-
mately by listening to the output of the re-
ceiver or detector in the headphones or loud-
speaker. For greatest accuracy, however, some 
form of auxiliary visual zero-beat indicator is 
desirable. This may be a rectifier-type a.f. 
voltmeter with a copper-oxide or diode rectifier 
(§ 2-3), a neon-tube "flasher," or an electron-
ray tube (§ 7-13) with its triode grid connected 
to the receiver output. Headphones still will 
be required for preliminary adjustments, since 
the visual indicator usually responds only to 
frequencies of less than about 25 cycles. 
Audio-frequency measurement — The 

measurement of unknown audio frequencies 
also can be accomplished by either direct or 
comparison methods. Laboratory measure-
ments are commonly made with a calibrated 
a.c. (Wien) bridge (§ 2-11). 
Where a calibrated audio oscillator is avail-

able, measurements may be made by compari-
son as previously described in this chapter. 
If no electrical frequency standard is available, 
the audio frequency can be converted into 
sound through a power amplifier and loud-
speaker and measured by aural comparison 
with a properly tuned piano, remembering 
that middle C is 256 cycles and each octave 
above or below doubles or halves the frequency. 
Intermediate points can be obtained by multi-
plying each successive half-note above C in 
any octave by 1.05946 (e.g., if C is 1, C# equals 
1.05946, D equals 1.1225, etc.). 
The cathode-ray oscilloscope (§ 3-9) is ex-

tremely useful in measuring frequencies by the 
comparison method when a reliable standard 
source is available. Applying voltages from 
the unknown and the standard to the opposite 
pairs of cathode-ray tube deflecting plates 
results in patterns of varying form termed 
Lissajou's figures. By proper interpretation 
of these figures, as shown in Fig. 1918, fre-
quency ratios up to 10 to 1 can be obtained 
conveniently. Thus, with a 1000-cycle oscilla-
tor, calibration points between 100 and 10,000 
cycles are available. A 60-cycle a.c. source 
similarly can be used up to 600 cycles or so. 
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I[1. Measurement of Current, 

Voltage and Power 

D.c. instruments — Instruments for measur-
ing direct current (§ 2-6) are based on the 
d'Arsonval moving-coil principle, comprising 
an indicating pointer moving across a calibrated 
scale, actuated by the flow of current through 
a coil located in a constant magnetic field. 
Ammeters and voltmeters are basically iden-

tical instruments, the difference being in the 
method of connection. An ammeter is con-
nected in series with the circuit and measures 
the current flow. A voltmeter is a milliammeter 
(ammeter reading one-thousandth of an am-
pere) which measures the current through a 
high resistance connected across the source to 
be measured; its calibration is in terms of the 
voltage drop in the resistance or multiplier. 
The ranges of both voltmeters and ammeters 

can be extended by the use of external resistors, 

Fig. 1919 — 
Ilow voltmeter 
multipliers and 
milliammeter 
shunts are con-
nected to ex-
tend the range 
of a d.c. meter. 

Shunt 

connected in series with the instrument in the 
case of a voltmeter or in shunt in the case of an 
ammeter. Fig. 1919 shows at the left the man-
ner in which a shunt is connected to extend the 
range of an ammeter and at the right the con-
nection of a voltmeter multiplier. 
To calculate the value of a shunt or multi-

plier it is necessary to know the resistance of 
the meter. If it is desired to extend the range of 
a voltmeter, the value of resistance which must 
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 (§ 2-6): 

R — 1000 E 

where E is the desired full-scale voltage and I 
the full-scale reading of the instrument in ma. 
To increase the current range of a milliam-

meter, the resistance of the shunt is 

R = 
n — 1 

where R„. is the meter resistance as before. 
Homemade milliammeter shunts can be con-

structed from any of the various special kinds 
of resistance wire, or from ordinary copper 
magnet wire if no resistance wire is available. 

The Copper Wire Table on page 427 gives 
the resistance per 1000 feet for various sizes of 
copper wire. After computing the resistance 
required, determine the smallest wire size which 
will carry the full-scale current (at 250 circular 
mils per ampere). Measure off enough wire 
(pulled tight but not stretched) to provide the 
required resistance. Accuracy can be checked 
by causing a current to flow through the meter 
which makes it read full-scale without the 
shunt; connecting the shunt should then give 
the correct reading based on the new full-scale 
range. - 

Copper has an appreciable temperature co-
efficient of resistivity (actually, 0.00393/° C.), 
and therefore a change in temperature of only 
5° F. will change the effective resistance of a 
copper-wire shunt about 1 per cent. The heat-
ing effect of the current through the shunt must 
be taken into account if high accuracy is desired, 
as must temperature rise in enclosed cabinets 
and even room-temperature variations. 
The following table shows the minimum wire 

sizes which should be used for shunts required 
to carry typical values of current with reason-
able temperature rise, together with the re-
sistance per foot at temperatures of 20° C. 
(68° F.) and 25° C. (77° F.). 

Current 
Resistance in Ohms Per Foot 

Wire Size 20° C. 25° C. 

80 ma. 
100 " 
150 
250 
400 
600 
1000 

.• 

No. 38 
" 36 
" 34 
" 32 
" 30 
" 28 
" 26 

0.6596 
0.4148 
0.2609 
0.1641 
0.1032 
0.06490 
0.04082 

0.6726 
0.4295 
0.2660 
0.1673 
0.1052 
0.06617 
0.04162 

Precision wire-wound resistors used as volt-
meter multipliers cannot readily be made by 
the amateur because of the much higher re-

Fig. 1920— An inexpensive multi-range volt-ohm. 
milliammeter housed in a standard 3 X 4 X 5-inch metal 
box. A bakelite panel is used. Ranges are marked with 
number dies, the impressions being filled with white ink. 
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sistance required (as high as several megohms). 
As an economical substitute, standard metal-
lized fixed resistors may be used. Such resistors 
are supplied in tolerances of 5, 10 or 15 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. 
A portable combination milliammeter-volt-

meter-ohmmeter (often called a V-O-M, or 
multimeter) having several ranges is extremely 
useful for experimental purposes and for trouble-
shooting in receivers and transmitters. As a 
voltmeter such an instrument should have high 
resistance, so that very little current will be 
drawn in making voltage measurements. A 
loweesistance voltmeter will give inaccurate 
readings when connected across a high-re-
sistance circuit. A resistance of, 1000 ohms per 
volt is satisfactory for most uses; a 0-1 mil-
liammeter or 0-500 microammeter (0-0.5 ma.) 
is the basis of most multi-range meters of this 
type. Microammeters having a sensitivity of 
0-50 pa., giving a voltmeter resistance of 
20,000 ohms per volt, are found in units avail-
able at reasonable cost. Multipliers for the 
various ranges are selected by switches. 
The various current ranges on a multi-range 

instrument are obtained by using a number of 
shunts individually switched in parallel with 
the meter. Particular care must be taken to 
minimize contact resistance in the switch. 
A variety of mechanical and electrical ar-

rangements may be used in a meter of this 
type. One simple and inexpensive version is 
shown in Figs. 1920-21. Using a 0-1 ma. meter, 
this unit provides five voltage ranges at 1000 
ohms per volt: 0-10, 50, 250, 1000 and 5000 
volts. The current ranges are 0-1, 10 and 100 
ma. There are two ohmmeter ranges: a series 
range of 0-250,000 ohms and a shunt range of 
0-500 ohms. The high-ohms scale is multiplied 
by 10 if the positive terminal of a 45-volt "B" 
battery is connected to the " Hi-Ohm" termi-
nal as indicated (the unknown resistance being 

B 
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• 
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Eso Lim7 
0 fims 
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.5two VOLTS 

Fig. 1922 — Alternative V-O-M circuit employing pin-
jack connectors. Except for the rotary switch, SW, all 
values are the same as in Fig. 1921. Voltage and high-
resistance measurements are made with Pin No. 1 dis-
connected and Pin No. 2 in the appropriate jack. For 
measuring low resistances by the shunt method, Pin No.1 
is plugged into the 500-ohm jack and Pin No.2 into the 
low-ohm-ma. jack. Leaving Pin No. 2 in this same posi-
tion and removing Pin No. 1 to neutral, the 1-ma, range 
can be covered. To cover additional curren t ran ges mere-
ly requires plugging Pin No. 1 into the 10- or 100-ma. 
jacks, while Pin No.2 remains in the low-ohm-ma, jack. 

connected between the negative battery termi-
nal and the ohmmeter negative). 
The circuit, based on the use of a multi-

position rotary selector switch, is given in Fig. 
1921. An alternative circuit for use where such 
a switch is not available, employing 'phone-tip 
and jack connectors, is shown in Fig. 1922. 
When d.c. voltage and current are known, 

the power in a circuit can be stated by simple 
application of Ohm's law: P — El (§ 2-6). 
Thus the voltmeter and ammeter are also the 
instruments used in measuring d.c. power. 

A.c. instruments — D.c. meters will not 
function on alternating current, and it is there-
fore necessary either to rectify the a.c. and 
measure the resulting d.c. or to use special in-
struments that will indicate on a.c. (§ 2-8). 

A.c. ammeters and voltmeters utilize the 
moving iron-vane principle. Since the maxi-
mum sensitivity is 15 to 25 ma. (40 to 67 ohms 
per volt) iron-vane voltmeters consume sub-
stantial power. Thus they are suitable for 
measuring filament and line voltages, but can-
not be used with circuits which are unable to 
sustain an appreciable measuring load. Moving 
iron-vane meters are not accurate at frequen-
cies above a few hundred cycles. 

13ATO  . 
  HI-OHM 

  5000 v 

 0 + 
- - M 

 o 

Fig. 1921 — Circuit of the low-cost V-O-M. 
Ri — 2000-ohm wire-wound variable. 
— 3000 ohms, )-watt. 

R3 — 100-ma. shunt, 0.33 ohms (see text). 
R4 — 10-ma. shunt, 3.6 ohms (see text). 
Rs — 40,000 ohms, -watt. 
Ra — 4 megohms, 4-watt (four 1-megohm 

1-watt resistors in series). 
R2 — 0.75 megohm, 1-watt (0.5 megohm 

and 0.25 megohm )4-watt in series). 
Rs — 0.2 megohm, 
Rs — 40,000 ohms, 34-watt. 
Rio-10,000 ohms, 34-watt. 
SNI4 — 9-point 2-pole switch (Mallory. 

Yaxley 3109). 
B — 4.5 volts (Burgess 5360). 
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For measurements where iron-vane meters 

are not suitable, special devices enabling the 
use of d.c. movements are employed. The most 
common of these for the power- and audio- fre-
quency range is the full-wave copper-oxide 
rectifier, which converts a low-resistance 0-1 
ma. d.c. milliammeter into a high-resistance 
0-0.909 ma. a.c. milliammeter, making possible 
the construction of a.c. voltmeters having a sen-
sitivity of 1000 ohms per volt and an accuracy of 
about 5 per cent. The design of multipliers for 
such a voltmeter must allow for the fact that 
the rectifier resistance varies with current. 
Two scales are usually provided, one for use 
above 50 volts and one below. The frequency 
error averages 0.5 per cent per 1000 cycles. 

A.c. power measurements are more complex 
than for d.c., the simple multiplication of cur-
rent and voltage being in error unless the load 
is purely resistive. If the current and the a.c. 
impedance are known, the power is /2Z. For or-
dinary amateur power calculations, such as the 
input to a power transformer, the product of 
a.c. voltage and current may be considered 
sufficiently accurate. 

R.f. instruments—The measurement of 
high-frequency a.c. or r.f. quantities involves 
special problems. Practical instruments read in 
terms of d.c. from a conversion device. 

R.f. current usually is measured by means of 
a thermoammeter. This is a sensitive d.c. 
microammeter connected to a thermocouple 
associated with a heater made of a short piece 
of resistance wire. Thermoammeters have been 
made with an r.f. sensitivity of 1 ma., but the 
ranges used by amateurs for measuring an-
tenna current, etc., are from 0-0.5 ampere up. 
The most suitable r.f. voltmeter is a peak-

reading vacuum-tube voltmeter (Fig. 1923). 
When properly designed, its accuracy at r.f. 
is limited only by the variation of input re-
sistance with frequency. The peak diode volt-
meter has little error even at 60 Mc. The same 
is true of the self-biased and slide-back types. if 
tubes having low input capacity are used. The 
oscilloscope also can be used as an r.f. voltmeter 
where the potential is several volts or more. 

R.f. power measurements can be made by 
measuring the current through a resistor or 
reactance of known value. Approximate power 
measurements can be made by using ordinary 
115-volt light bulbs as a substitution or 
"dummy" load, connected either singly or in 
series-parallel to provide the required re-
sistance and power rating. The approximate 
resistance of the bulb can be computed from 
its wattage rating at 60 cycles. Special non-in-
ductive resistance units enclosed in vacuum 
bulbs mounted on standard tube bases, with 
resistances of 73 and 600 ohms at power rat-
ings up to 100 watts, are available for this pur-
pose. For higher power the units can be con-
nected in series-parallel (§ 4-9). 
Where the substitution load method is im-

practical, r.f. power can be measured by multi-
plying the current through a thermoammeter 

in the circuit by the r.f. voltage across the cir-
cuit as indicated by an r.m.s. meter (or 70.7 
per cent of the reading on a peak voltmeter). 
Another method of measuring r.f. power is 

by the photometric method. In this method a 
calibrated light-sensitive cell (a photographer's 
exposure meter is suitable) is used to measure 
the relative brilliance of an electric light bulb 
as a substitution load compared with its nor-
mal brilliance on 115-volt 60-cycle supply. 
Vacuum-tube voltmeters — The most 

generally useful instrument for the measure-
ment of d.c., a.c. and r.f. voltages is the vac-
uum-tube voltmeter. Its chief advantages are 
(a) high input resistance (i.e., negligible power 
taken from the circuit under measurement), 
and (b) good accuracy over a wide range of 
frequencies extending, with some types, up into 
the ultrahigh-frequency region. 
The vacuum-tube voltmeter operates by vir-

tue of the change in plate current in a vacuum 
tube caused by a change in the voltage applied 
to the grid. Thus, by introducing the voltage 
which is to be measured into the grid circuit, 
the resulting plate-current change constitutes a 
measure of the applied voltage. In the case of 
a.c. the tube acts as a rectifier, and the meas-
urement is in terms of rectified d.c. 

Representative vacuum-tube voltmeter cir-
cuits are shown in Fig. 1923. The simple diode 
rectifier (A) can be almost any type of tube; 
in a triode or multi-grid type, all electrodes 
except the control grid are connected to cath-
ode (or negative filament). A Type 30 or 1G4G 
tube with a flashlight cell for filament supply 
makes a convenient portable unit. Tubes with 
low input capacity (1N5G, 6T7G, 954, etc.) 
should be used for high frequencies. The fre-
quency range is limited by the tube input ca-
pacity shunting the load resistance. The cali-
bration will be linear above 2 or 3 volts, pro-
vided the load resistance exceeds 0.1 megohm. 
The meter, M, should be a sensitive microam-
meter (0-100 or 200 sa.); however, a 0-1 ma. 
meter can be used with reduced sensitivity. 
The peak diode voltmeter at B, shunt-

connected to eliminate the necessity for a d.c. 
return in the measured circuit, reads peak a.c. 
voltage. The input resistance is comparable to 
that of the simple diode for equivalent sensi-
tivity, but the high-frequency error is less. The 
time constant of the RC circuit should be at 
least 100 for the lowest frequency to be meas-
ured (RCF < 100). Typical values are 0.5 meg-
ohm and 0.5 pfd. for audio frequencies and 0.1 
megohm and 0.05 µfd. (mica) for r.f. and i.f. 
The grid-rectification circuit shown at C 

may be considered equivalent to the diode 
rectifier of B followed by a zero-bias triode 
amplifier. The sensitivity is greatly increased 
over the ordinary diode. The input resistance 
is low with small inputs (0.1 to 1.0 megohm) 
because of grid current. The plate current is at 
a maximum when idling and decreases with 
signal. This circuit is useful chiefly because it 
can be used with inexpensive meters. The in-
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strument may be calibrated from a known 
60-cycle source; the scale is square-law for 
small signals, becoming linear with increasing 
input. The value of R is non-critical. C should 
have a reactance small compared with I? at the 
operating frequency; i.e., 0.01-gfd. mica from 1 
ke. up, 0.1-gfd. paper for low a.f. For d.c., C is, 
of course, omitted. A high-g tube is preferable, 
to reduce the idling or no-signal plate current. 
The self-biased plate-rectification or reflex 

voltmeter at D has a very high input re-
sistance and fair sensitivity. It is normally 
connected directly across the circuit to be 
measured; if no d.c. return is available, a 
coupling circuit must be added, as shown by 
the dotted lines (C — 0.01 gfd; R — 10 ineg-
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ohms or more). A low-is tube is preferable, to 
minimize coRtact potential and grid current. 
The cathode resistance, R2, controls the sensitiv-
ity; the higher its resistance, the more linear 
and stable will be the calibration. A range 
switch can be provided, connecting in various 
values of cathode resistance from 2000 ohms 
to 0.5 megohm to give full-scale ranges from 
about 2.5 to 250 volts. The plate and cathode 
by-passes may be 0.001-gfd mica condensers, 
the cathode being shunted by a 10-gfd. elec-
trolytic for 60-cycle calibration and low audio-
frequency measurements. 
The no-signal plate current present in the 

circuits of C and D can be balanced out by 
bridge or bucking circuits, typical forms of 
which are shown at E. An auxiliary battery 
(or a section of the voltage divider in an a.c. 
power supply) is connected back to the meter 
through a variable resistor, providing a con-
trollable opposite current flow which can be 
made to equal exactly the residual plate cur-
rent of the tube. When used with C this bal-
ancing circuit allows the meter terminals to 
be reversed, thereby making the meter read 
forward instead of backward. The resistor, R, 
should have a value not less than ten times the 
internal resistance of the meter. 
At the right in E an automatic balancing 

circuit is shown wherein a duplicate triode 
(usually the second section of a twin-triode 
tube) takes the place of the adjustable resistor, 
R. Current flow through R1 and R2 being 
equal and opposite with no signal, there is no 
potential across the meter and consequently no 
current flow. When a voltage is applied to the 
grid of the voltmeter triode this balance is 
disturbed, however, and the meter registers cur-
rent flow. A small zero-setting resistor, Rg, is 
provided to correct for any discrepancies in the 
tubes or resistors. The values for R1 and R2 
depend on the plate-supply voltage available; 
the higher the resistances, the better the sensi-
tivity and stability. The minimum value is 
several times the meter resistance. 
The "slide-back" voltmeter at F is a com-

parison instrument in which the peak value of 
an a.c. or r.f. voltage is read in terms of a d.c. 
substitution voltage; the voltmeter tube and 
the milliammeter, M, merely indicate when the 
two voltages are equal. With the input ter-
minals shorted and R1 set so that V reads zero, 
the tube is biased nearly to cut-off by adjust-
ment of R2. The residual plate current becomes 
the reference current ('roi.) or "false zero." 
When an a.c. voltage, E, is applied across the 
input terminals, plate rectification of the posi-
tive peaks causes the plate current to rise. By 
adjustment of RI, additional bias voltage is in-
troduced to balance out the a.c. voltage. The 
additional bias required to bring the plate cur-
rent back to the reference value (Ii.,.) is equal 
to the peak value of the voltage being meas-
ured. In operation, R1 should be adjusted 
(after setting /re.) so that all of E1 is in the 
circuit, to avoid burning out the milliammeter 
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when the signal is applied. After the unknown 
voltage has been connected, the bias is reduced 
by R1 until the reference current is reached. 
The slide-back voltmeter is capable of high ac-
curacy and has the advantage of requiring no 
a.c. calibration; it is, therefore, particularly 
useful for a temporary set-up. 

Oscilloscopes — Perhaps the most useful of 
all measuring devices is the cathode-ray oscil-
loscope (§ 3-8, 3-9). Although relatively expen-
sive, its applications are so numerous that it 
can replaoe a number of other less satisfactory 
types of measuring equipment. t can be used 
on d.c., a.c. and r.f., and is particularly suited 
to a.f. and r.f. measurements because of the 
high input resistance and small frequency error. 
The oscilloscope is, in effect, a complex volt-

meter capable of measuring any two voltages 
simultaneously by the deflection of a weight-
less electron-beam pointer. Moreover, because 
this pointer projects its indication on a reten-
tive luminous screen, the measurements in-
clude the additional factor of time. It is possi-
ble, therefore, to see the actual form of one or 
more repetitive cycles of an a.c. voltage by 
means of the oscilloscope, and to measure 
thereby not only the amplitude of the voltage 
but also its frequency and waveform (§ 3-9). 
A simple cathode-ray oscilloscope .is shown 

in Figs. 1924-25. It employs a type 902, an 
inexpensive 2-inch cathode-ray tube, which is 
mounted, together with the associated rectifier 
tube and other components, in a cabinet made 
of a standard 3 X 5 X 10-inch steel chassis with 
bottom plate. The shielding provided by this 
box is highly desirable for prevention of stray-
field interference in the patterns obtained. 

In building the unit, the cathode-ray tube 
must be placed so that the alternating mag-
netic field from the transformer has no effect 
on the electron beam. The transformer should 
be mounted directly behind the base of the 
tube, with the axes of the transformer windings 
and the tube on a common line. 

If trouble is experienced in getting a pattern 
from a high-power transmitter because of r.f. 
voltage on the 115-volt supply line, two block-
ing condensers (0.01 or 0.1 dd.) may be con-
nected in series across the primary of the 
power transformer in the oscilloscope, with the 
common connection grounded to the case. 

Fig. 1925 — Circuit of the 2-inch oscilloscope. 
C — 2-afd. 900-volt electrolytic (dual 4-8fd. 

450-volt with sections in series). 
R1 — 100,000-ohm potentiometer. 
112 — 50,000 ohms, 1-watt. 
R3 — 200,000 ohms, 2-watt. 
R4 — 100,000-ohm potentiometer. 
RFC — 2.5-mh. 125-ma. r.f. choke (optional; 

used when needed to correct leaning 
patterns because of r.f. coupling). 

SW i — S.p.d.t. toggle switch, 250-volt 1-
ampere. 

SWz — S.p.s.t. switch (on R4). 
T — Receiver-type power transformer deliver-

ing 325-0-325 volts ac. at 40 ma., 
5 volts at 3 amperes, and 6.3 volts at 
2 amperes. 

Fig. 1924 — A c.r, oscilloscope using a 902 2-inch tube 
housed in a 5 X 10 X 3-inch chassis with bottom plate. 
Two small feed-through insulators serve as terminals fo 
external horizontal- and vertical-sweep connections. 
Note the location of the power transformer; it is placed 
not only outside the steel shield chassis but also directly 
behind the cathode-ray tube, with the axis of the 
transformer winding along the axis line of the tube. 

It is important that provision be included 
for switching off the electron beam, reducing 
the spot intensity, or swinging the beam to one 
side of the screen with d.c. bias when no signal 
voltage is being applied. A pattern that is a 
thin, bright line or a spot of high intensity will 
"burn" the screen of the cathode-ray tube. 

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. Using an a.f. horizon-
tal sweep, the pattern appearing on the screen 
will be in the form of a trapezoid or triangle 
(depending on the percentage of modulation) 
when checking transmitter performance. 
For actual studies of waveform, the use of a 

sweep circuit having a linear time base is neces-
sary (§ 3-9). The sweep circuit proper usually 
employs a grid-controlled gaseous discharge 
tube (the 884 and 885 are especially designed 
for this purpose), operating as a relaxation 
oscillator. In operation, the sweep circuit is 
connected to the horizontal-deflection plates 
of the existing oscilloscope. The voltage under 
observation is connected to the vertical-deflec-

80 
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tion plates, and the resulting picture is an ac-
curate representation of the waveshape of the 
voltage being examined. 
An example of a lihear sweep circuit and 

wide-range amplifiers applied to a 902 2-inch 
cathode-ray tube is shown in Fig. 1926. The 
circuit elements in the center of the diagram 
comprise the sweep circuit. The 884 generates 
a saw-tooth sweep voltage and the 6J7 acts as 
a current-limiting tube to ensure linearity. 
The high-gain vertical and horizontal ampli-

fiers using 6J7s have inductance compensation 
in their plate circuits to extend the frequency 
range. The amplifier input and output leads 
should be direct and placed well clear of other 
components, to avoid frequency distortion and 
unwanted pick-up. For r.f., the input is ap-
plied directly to the deflection plates. 
The panel controls are the intensity control, 

R2; focusing control, Rg; horizontal and vertical 
sr ot-positioning controls, R7 and Rg; sweep-
s mplitude control, RH; sweep-frequency ver-
nier, R17; synchronization control, R18; direct-
input controls, R19 and R2p; and the amplifier 
input controls, R23. 

For the 902 power supply, a replacement-
type transformer may be used with a half-
wave rectifier. (Bib. 5.) 
The cathode-ray oscilloscope is useful in the 

measurement of almost any quantity involving 
amplitude or waveform. Elsewhere in this 
Handbook are described methods for using the 

oscilloscope for measuring audio frequencies 
(p. 400), adjusting vibrator power supplies 
(p. 363), and checking and adjusting modula-
tion percentage in 'phone transmitters, (§ 5-10). 
When used for measuring voltage, the signal 

is applied to the vertical plates and its ampli-
tude measured in terms of the height of the 
resulting trace. Approximate measurements 
can be made by calibrating the sensitivity of 
the cathode-ray tube in volts per inch. The 
sensitivity varies with the anode voltage and 
type of tube; typical figures for small tubes 
are 25 to 75 volts per inch, peak-to-peak. The 
initial calibration can be made with a variable 
d.c. voltage source and a comparison voltmeter. 
Impedance can be measured at any fre-

quency by connecting the circuit or component 
under measurement in series with a non-reac-
tive resistor across a source of signal voltage of 
the required frequency. The relative deflec-
tion as the oscilloscope is connected across first 
the resistor and then the impedance will give the 
value of impedance with respect to the known 
value of resistance. 

Transformer turns ratios and gain ratios, as 
well as the gain of amplifier stages, can be de-
termined by applying a signal of appropriate 
frequency from an audio oscillator or r.f. 
signal generator to the primary or input, 
measuring the amplitude at this point, and 
then measuring the relative amplitude across 
the secondary or output (§ 2-9). 
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Fig. 1926 — Circuit diagram of a 
Ci — 0.1-pfd. 600-volt paper. 
C2 — 0.25-dd. 600-volt paper. 
Ca — 8-pfd. 500-volt electrolytic. 
C4 — 0.0001-pfd. 400-volt paper. 
Cs — 0.001-dd. 400-volt paper. 
Ce — 0.005-pfd. 400-volt paper. 
C7 —0.025-aafd. 400-volt paper. 
Cs — 0.01-pfd. 400-volt paper. 
Cs — 5-pfd. 25-volt electrolytic. 
Cie — 16-pfd. (dual 8-8 in paral-

lel) 500-volt electrolytic. 
RI — 300,000 ohms, s-watt. 
Rs — 25,000 ohms, 1-watt. 

cp,c r;ii 

902 

Re 

r_mg .zt_ 

c, -IHIr 

R5e R5 Rs 

AA 

R3 

o 
6.3V. 63VT 63Y 53V + 

C3 

400-600V. 

complete cathode-ray oscilloscope with sweep circuit and voltage amplifiers. 
R3— 50,000 ohms, 1-watt. Ris — 500,000-ohm potentiometer. 
Rs — 75,000 ohms, 1-watt. R10, R20— 5-megohm potentiometer. 
Rs Rs — 30,000 ohms, 1-w att. R2I — 100,000 ohms, 1-watt. 

R22 — 150,000 ohms, 1-watt. 
R22 — 500,000-ohm potentiometer. 
112s — 1000 ohms, -watt. 
Si, Ss, Ss — S.p.s.t. toggle switch. 
S4, Ss, Sa — S. p.d.t. toggle switch. 
Se — 6-contact selector switch. 
S7 — Snap switch, mounted on R18. 
Li, L, — 25-mh. r.f. choke. 
Lti — 30-henry 15-ma, filter choke. 
Pl, P2, P3 — Jeweled pilot lamps. 

R7, Rs —1-inegohm potentiometer. 
110, RIO — 5 megohms, 3-watt. 
1111 — 1000 ohms, 1-watt. 
R12 — 300,000 ohms, 1-watt. 
Ris — 40,000 ohms, 1-watt. 
Ri 4 — 50,000-ohm wire-wound rheo-

stat. 
Ris — 6000 ohms, 2-watt. 
Rio — 1500 ohms, 1-watt. 
R17 — 50,000-ohm rheostat. 
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41 R, Z, C, L and Q Measurements 

It is frequently necessary to measure values 
of components used in the construction of ama-
teur equipment — resistors, condensers, coils, 
etc. — both as a means of identification and in 
checking accuracy. The advanced amateur will 
also be interested in measuring impedances and 
the characteristics of devices of his own con-
struction or under other than rated conditions. 
Resistance — The volt-ammeter, ohmmeter 

and Wheatstone bridge methods are com-
monly used in measuring resistance. In the 
volt-ammeter method, the resistance is deter-
mined from Ohm's Law by measuring the cur-
rent through the resistor when a known d.c. 
voltage is applied. The resistance can be deter-
mined with a voltmeter alone, when 

eR 
R = — Ern 

where R is the resistance under measurement, 
E is the voltage read on the meter, e is the se-
ries voltage applied, and R„, is the internal 
resistance of the meter (full-scale reading 
X ohms-per-volt). 
The ohmmeter is a practical application of 

this method, with a low-current d.c. voltmeter 
and a source of voltage (usually dry cells) con-
nected in series with the unknown resistance. 
If the meter reads full-scale with the connect-
ing leads shorted, insertion of the resistance un-
der measurement will cause the reading to de-
crease in proportion to the resistance inserted. 
The scale thus can be calibrated in ohms. 

In Fig. 1927-A, the series resistance is ad-
justed until the milliammeter reads full-scale 
when the test leads are shorted. When the 
meter reading changes as the battery ages the 
series resistance is reduced to compensate for 
the change. In B, the series resistance is kept 
constant but the sensitivity of the meter is 
varied to compensate for the changing voltage. 
The circuit of C is useful for measuring resist-
ances below a few hundred ohms. The unknown 
resistance is connected as a shunt across the 
meter, reducing the current reading. Values of 
a fraction of an ohm can be read in this way. 
The ratio of resistances which can be meas-

ured on a single ohmmeter range averages 
about 100 to 1, or from one-tenth to ten times 
the center-scale value. 

(3) (C) 
Fig. 1927 — Basic ohmmeter circuits. (A) Series-type 
ohmmeter with series compensation. (B) Series-type 
ohmmeter with shunt compensation. (C) Shunt-type 
ohmmeter used for measuring low values of resistance. 

AC A C AC 

(A) (B) (C) 

Fig. / 92B—Reactance-metercircuits for check in g Cand L. 

Only approximate measurements can be 
made with an ohmmeter. For greater accuracy, 
the unknown resistor may be compared with a 
standard resistance of known accuracy. by 
means of a Wheatstone bridge (§ 2-11). If 
resistance measurements only are to be made, 
the bridge can be powered from a battery and a 
milliammeter used for the balance indicator. If 
reactances also are to be measured, an a.c. 
source is required (Fig. 1929). 
Capacity and inductance — The capacity of 

condensers and the inductance of coils can be 
measured (a) in terms of their reactance, (b) 
by comparison with a standard, or (c) by 
substitution methods. 
The reactance method is simplest but least 

accurate. The method is similar to the d.r. 
ohmmeter, except that impedance is measured 
instead of resistance. In Fig. 1928-A, the un-
known reactance is placed in series with an 
a.c. rectifier-type voltmeter across the 115-volt 
a.c. line. With a 1000-ohms-per-volt meter, 
capacities can be identified from approximately 
0.001-idd. to 0.1-gfd. At B the reactance is 
connected in series with a 1000-ohm resistance; 
the proportionate voltage drop across this 
resistance indicates the reactance of con-
densers from 0.1 µM. to 10 fd. and of induct-
ances from 0.5 henry to 50 henries, when Q is 
greater than 10. Because the lower end of the 
scale of a rectifier-type meter is somewhat 
crowded, a better reading can be had by using 
the connection at C for large reactances. Ap-
proximate calibrations for each connection 
may be made by checking typical condensers 
and coils of known values and drawing calibra-
tion curves for the voltmeter in use. 
The reactance method at best gives only 

approximate indications of inductance and 
capacity. For accurate measurements, an a.c. 
bridge must be used. 
A simple bridge for the measurement of R, 

C and L is shown in Fig. 1929. Its accuracy 
will depend on the precision of the standards, 
the sensitivity of the detector or balance in-
dicator, the voltage and frequency of the a.c. 
source, and the ratio of the unknown value to 
the standard. The signal source can be a 1000-
cycle audio oscillator with low harmonic con-
tent and the detector a pair of headphones. A 
" magic-eye" tube can be used as a detector. 
For maximum accuracy the ratio of the un-

known to the standard should be kept small, so 
that R is read near the center of its scale. The 
ratio can be as high as 10 to 1 in either direc-
tion with good accuracy, and an indication can 
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be had even at 100 to 1. Additional standards 
may be included for other ranges if desired. 
The potentiometer, R, must be calibrated as 

accurately as possible in terms of the ratio of 
resistance on either side of its mid-point, which 
may be arbitrarily marked 10. If the potenti-
ometer is next set at 500 ohms, the ratio of 
resistances is 1 to 10 and the scale may be 
marked 1. The corresponding point on the 
other end of the scale is marked 100. Inter-
mediate points are similarly marked according 
to the resistance ratios. These ratios will then 
correspond with the ratio of the unknown re-
sistance, inductance or capacity to the stand-
ard in use, when the bridge has been balanced 
for a null indication on the detector. 

Since direct current flowing through a coil 
changes its inductance, allowance must be 
made for this effect when measuring choke 
coils and transformers carrying d.c. • 

Condensers should be checked for leakage as 
well as for capacity. This check must be made 
with the rated d.c. voltage applied, a microam-
meter being connected in series with the high 
voltage source. The resistance of good paper 
condensers should be above 50 megohms per 
microfarad, that of mica condensers above 100. 
The condition of electrolytic condensers can 

be checked roughly with an ohmmeter. With 
the positive terminal of the condenser con-
nected to the positive of the ohmmeter bat-
tery, high-voltage electrolyties should show a 
resistance of 0.5-megohm or so; low-voltage 
cathode by-pass condensers should be over 0.1 
megohm. Electrolytics can also be checked by 
measuring the leakage current when the rated 
d.c. polarizing voltage is applied. It should 
read about 0.1 ma. per dd. The maximum for 
a useful unit is about 0.5 ma. per /ski Low 
leakage current also indicates a faulty unit. 
Electrolytic condensers which have lain idle 
on the shelf will show leakage currents as high 
as 2 nia. per pfd. per 100 volts. After "aging" 
for a few minutes with rated d.c. voltage ap-
plied they should return to normal, however. 

RI 

lbA.C.Source 

Rz 
L, 

X 

Fig. 1929 —  Simple a.c. bridge for measuring R, C and L. 
— 0.01-pfd. mica. 

C2 1.0-efd. paper. 
R — 10,000-ohm linear wire-wound potentiometer. 
— 100 ohms, wire-wound (1 per cent accuracy). 

R2 — 10,000 ohms, wire-wound (1 per cent accuracy). 
Li — 125-millihenry powdered-iron-core r.f. choke. 
L2 — 12-henry iron-core choke (Thordarson T-49C91). 

The measurement of small capacities under 
0.001 pfd. is not possible with a bridge of the 
type previously described because stray re-
actances affect the accuracy. A more accurate 
bridge for measurement of small capacities is 
shown in Fig. 1930. It is of the substitution 
type with a calibrated air condenser, C1, for the 
variable arm. Cy is a fixed reference capacity. 

To A.C.Source 

Fig. 1930 — A substitution-type capacity bridge. 
— 100-1..µfd. straight-line-capacity condenser (may 

be dual 500-dd. with sections hi parallel). 
C2 — 900-edd. silver-mica. 
C3 — 100-ppfd. variable trimmer. 
RI, R2 — 500-ohm wire-wound (1 per cent accuracy). 
R3 — 1000-ohm wire-wound potentiometer. 

Cg is used to balance out stray capacity in-
cluding that of the leads to C.. The bridge is 
first balanced by adjusting C3, with C1 at maxi-
mum capacity and the leads to C. in place. 
C. is then connected and the bridge again 
balanced by adjusting the capacity of el to 
compensate for C.. The difference in capacity 
(AC) of C1 between its new setting and maxi-
mum capacity is the capacity of C.. 

It is impossible to get a zero null indication 
from the detector unless the resistance as well 
as the capacity of the two condensers being 
compared are equal. Rg is therefore included to 
aid in achieving a resistive balance. Generally 
speaking, Rg will be in the Cy leg when measur-
ing a mica condenser and in the C1 leg for 
an air condenser. The bridge is brought into 
balance by alternately varying the standard 
capacity, C1, and equalizing the power factor by 
means of Rg until zero indication is obtained. 
• The bridge can be made direct-reading in 
µdd. by using a dial with 100 divisions and a 
10-division vernier (such as the National 
Type N), installed so that 0 on the dial cor-
responds to maximum capacity on Ci. Then, 
as the capacity of CI is decreased to compen-
sate for the addition of C., CA is numerically 
equal to the dial reading times 10. The true 
capacity of C1 will depart from linearity with 
the dial setting as it nears zero, but the per-
centage error remains small up to at least 90 
on the dial (C. < 900 ispfd). The over-all 
accuracy can be made better than 1 per cent. 
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Neon-Tube Parts Checker — A useful in-

strument for measuring resistance and capacity 
and even voltage which does not require a 
meter is the neon-tube parts checker shown in 
Figs. 1931-1934. (Bib. 4.) By making use of the 
fact that the extinction voltage of a neon or 
argon tube is constant within close limits, this 
device measures voltage, resistance and capac-
ity over a useful range of values. The tube is 
shunted across the variable portion of a volt-
age divider and the divider adjusted to bring 
the neon-tube voltage just to the extinction 
point. The values are read directly from a cali-
brated scale associated with the voltage divider. 
With the insulation and resistances used, 

d.c. voltages between 70 and 1500 and a.c. 
voltages between 50 and 800 can be measured 
fairly accurately. Resistances from 0 to 500,000 
ohms and capacities between 0.0025 dd. and 4 
pfd. also can be measured. 

Referring to Pig. 1932, the transformer, T, 
with its associated switch, SI, and potentiom-
eter, RI, provides a means of adjusting the 
voltage across the voltage divider, R2 to Rg 
(including the unknown resistance or capaci-
tive reactance to be measured), to approxi-
mately the 96 volts wquired, regardless of the 
line voltage. For a line voltage of 120 volts, the 
secondary voltage of the bell-ringing trans-
former must be increased to 24 volts (the 
nominal secondary voltage is 10) in order to 
reduce the voltage to 96. This requires the 
addition of some 240 turns of No. 28 enameled 
wire to the secondary of the bell-ringing trans-
former, T. The secondary voltage must equal 
the difference between 96 volts and the highest 
voltage encountered on the a.c. line. In prac-
tice, with S1 in the "low" position, R3, R4 and 
Rg at minimum and the test leads shorted, 
adjusting R1 should extinguish the neon lamp. 

R2 and Rg are current-limiting resistors 
which permit measuring low-wattage resistors 
safely. Rg, being in series with one side of the 
a.c. power line, protects the line against a short 
circuit in case of accidental contact via a test 
lead to a grounded chassis. The terminal to 
which Rg is connected should be marked 
"Ground." To insure that this terminal is on 
the "cold" side of the line reverse the power 
plug until the neon lamp glows when a test 
lead from the terminal connected to R6 is 
touched to an actual ground connection, such 
as a radiator or water pipe. 

Rs, R4 and R5 are the adjustable part of the 
voltage divider, and, when adjusted to the 
point where the neon glow is just extinguished, 
equal the resistance being measured. These re-
sistors are calibrated in terms of resistance and 
capacity. For voltage measurements, the vari-
able resistors may be calibrated in terms of ap-
plied voltage. Voltages below the value re-
quired to make the lamp glow — in general, 
somewhat higher than the extinction voltage 
— cannot be measured, but for a.c. voltages 
above 50 and d.c. voltages from 70 volts up-
ward the method is quite satisfactory. 

Fig. 1931 — Front view of the neon-tube parts checker, 
showing the main calibrated dial in the center, the 0-
5,000-obm resistance scale, upper left,•and the 0-50,000-
ohm resistance scale, upper right. The small knob on the 
left-hand side is the line-voltage compensator control. 

52, when thrown to the right, connects the 
voltage-divider system to the a.c. power 
source, and also at the same time connects the 
rotary arm of R5 to the upper test lead. These 
connections are for making resistance or ca-
pacity measurements. For voltage measure-
ments 52 is thrown to the left, disconnecting 
the internal power source, breaking the 
connection of the rotary arm of R5 to the upper 
test lead, and connecting Rg to R2. For all 
voltage measurements below 500 this checker 
draws less current than the common 1000-
ohms-per-volt meter. 

For accurate reading the variable potentiom-
eters (Rs, R4 and Rs) should have a useful ro-
tational arc as great as possible. Actually, no 
resistor of this type is absolutely linear for 
every degree of dial rotation. Good resistors 
are, however, linear from approximately 25 to 
87 per cent of their total rotation. The actual 
mid-point of the total resistance comes at ap-
proximately 56 per cent of the total rotation 
(clockwise); 36 per cent of total rotation is re-
quired to give one-quarter total resistance, 
while three-fourths of the resistance is covered 
by 78 per cent of the total rotation. 

Four initial calibration points may thus be 
obtained. Additional points can be secured by 
subdividing. The same procedure is followed in 
calibrating the other two potentiometers. 

If an ohmmeter is available, the individual 
potentiometers, whether linear or tapered, can 
be accurately calibrated. A voltmeter will give 
a voltage calibration as accurate as is the 
original meter. For capacity calibration, read-
ings can be taken on groups of 1-pfd., 0.5-pfd., 
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Fig. 1932 — Interior view of the neon-tube checker show 
ing the general arrangement of the "meterless meter" 
and the method of assembling the plywood cabinet. 

0.25-pfd., 0.01-µfd., etc., condensers, 
averaging the readings for each group. 

If a voltmeter is not available for voltage 
calibration, the scale can be calculated as fol-
lows. The total resistance across the external 
voltage is always 500,000 ohms (within the 
limits of resistor accuracy) and for d.c. the 
extinction voltage across the neon lamp must 
be dropped to 62 volts, while for a.c. it must go 
down to 48 volts. The resistance needed across 
the neon lamp to reduce the external voltage to 
the extinction point of the lamp is, for a.c., 
equal to 48 X 500,000 divided by the external 
voltage; for d.c. the resistance across the lamp 
equals 62 X 500,000 divided by the external 
voltage. The resistance of Rg can be ignored. 

Before making measurements, the neon lamp 
should be given an initial two-minute warm-up. 
To do this, plug in the power cord, snap S1 to 
the high position, snap 52 to the right or ohms-
capacity position, turn the main dial to the 
maximum resistance position, and short the 
binding posts with a test lead. 

III 

Neon 19a/b 

Line-voltage adjustment is the next step. 
Leave the binding posts shorted and, after 
turning all front-panel dials to zero, attempt to 
extinguish the neon glow by turning the dial of 
R1 (mounted on the left side). If this fails, snap 
51 to the low position and again turn R1 until 
the glow is just extinguished. It must first be 
possible to light the neon lamp and then ex-
tinguish it with RI. If it is neither possible to 
light nor extinguish the indicator lamp with 
any combination of R1 and Si, there are not 
enough turns on the secondary of transformer. 
The test leads are now clipped across an un-

known external resistance. Turn the main 
dial, R5, to the right until the neon glows, then 
back it off until the glow is extinguished and 
note the reading on the ohms scale. If the 
lamp does not glow with R5 at maximum, the 
unknown resistor is more than 500,000 ohms. 

Although the main 500,000-ohm potentiom-
eter is capable of measuring resistances as low 
as 100 ohms with fair accuracy, the other two 
dials are added to provide "calibration spread" 
for the 0-5000-ohm and 0-50,000-ohm scales, 
respectively. Whenever one of the three front 
dials is in use, the other two must remain at 
their zero settings. e 

Electrolytic condensers cannot be measured 
with this checker, as a.c. is present across the 
test leads. All other condensers are measured 
in the same manner as resistors. With all front 
panel dials at zero, clip the test leads across the 
unknown capacity, turn the main dial until 
the lamp glows, back it off to the extinction 
point, and read the value on the capacity 
scale. The same procedure is followed in mak-
ing voltage measurements, 52 being switched 
to the "A.C.-D.C. Volts" position. 
As shown in Fig. 1934, the cabinet is made 

from a piece of )-inch plywood 32% inches 
long and 634 inches wide. Full dimensions are 
given in the drawing. Wooden dowels, 3x2-
inch square, are used in the corners. The trans-
former and the neon-lamp socket are mounted 
on the back of the front panel by machine 
screws which are self-threaded into undersized 
holes drilled to a depth of inch into the 
plywood. 
The main dial chart-is a 5 -inch diameter 

paper circle, bearing four circular scales spaced 
h-inch apart. The pointer is made from a 
piece of celluloid, cemented to the bakelite 
knob. The other dials are 2-inch paper circles. 

Fig. 1933 — Circuit of the neon-tube checker. 
RI — 300-ohm potentiometer, wire-wound 

(Centralab V125). 
R2, 115 — 2,000 ohms, 2-watt. 
112 — 5,000-ohm potentiometer (Centralab 

72-110). 
R4 — 50,000-ohm potentiometer (Electrad 

205). 
R5 — 500,000-ohm potentiometer (Centralab 

72-106 or N118). 
Si — S.p.d.t. toggle switch. 
S2 — D.p.d.t. toggle switch. 
T — Bell-ringing transformer. 
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L, C and Q measurements at r.f. — The 
low-frequency a.c. bridge method of measur-
ing inductance is of value only for the high-
inductance coils used at power and audio 
frequencies. I.f. and r.f. coils must be meas-
ured at the frequencies at which they are used. 
The method commonly employed is to de-

termine the frequency at which the coil reso-
nates when connected across a capacity of 
known value. This may be done (1) by con-
necting the coil-condenser combination in a 
two-terminal oscillator (1 3-7) and observing 
the resulting oscillation frequency on a cali-
brated receiver, or (2) by connecting the coil 
to a calibrated condenser, supplying the cir-
cuit with r.f. power from a suitable oscillator, 
and tuning the condenser until resonance is 
indicated by maximum indication on a 
vacuum-tube voltmeter (Fig. 1935). With the 
capacity known in µµfd. and the resonant fre-
quency in kc., the apparent inductance of the 
coil in microhenries can be computed: 

L = (159, 160\2! 

f IC 

The apparent inductance thus computed 
is in error, however, in that it also includes 
the distributed capacity of the coil. This 
will be discovered if a similar measurement is 
made at another frequency (for example, the 
harmonic of fi), for it will be found that a 
different value of inductance results. How-
ever, by combining the two measurements the 
true inductance can be found (Bib. 8.): 

1012 1 
L —  

13.15f22  

when f2 is the second harmonic of fi, C1 is the 

W--.1 
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Fig. 1934— Dimensions of the parts-checker cabinet. 
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Fig. 1935 — (A) Circuit used for measuring inductance, 
capacity and Q at r.f. The calibrated variable-frequency 
oscillator should have a tuning range in excess of 2-to-1. 
(B) Circuit for calibrating the v.t.v.m. for Q measure-
ments from 60-cycle a.c. RBC is 70.7 per cent of RAC. 
With the switch in position A, Rs is adjusted to give a 
voltmeter deflection near the upper part of its scale; this 
is the peak-deflection reference point. The switch is then 
turned to position B, and the new reading noted. By 
making a number of measurements with different initial 
input levels, a graph can be plotted showing both peak 
and 70.7 per cent readings for a wide range of inputs. 

capacity required to tune to fi, and C2 the ca-
pacity required to tune to f2. 
A convenient source of r.f. power for the 

two-frequency method of inductance measure-
ment is the transmitter exciter unit, provided 
it has good second harmonic output. The oscil-
lator output and link circuit (shown inside 
dashed lines in Fig. 1935) should be either 
shielded or sufficiently remote from the meas-
uring circuit so that the vacuum-tube volt-
meter shows no indication when there is no coil 
in the circuit. The calibrated condenser must, 
of course, have sufficient capacity to tune over 
a 2-to-I frequency range. This condenser may 
be calibrated by means of a bridge such as the 
substitution-type capacity bridge of Fig. 1930. 
The resonance method can also be used for 

accurate measurement of capacity. A standard 
coil of suitable inductance must be provided; 
the exact value is not important. The standard 
condenser, C1, is first tuned to resonance with 
the oscillator frequency. The unknown capac-
ity, C., is then added in parallel and the 
capacity of C1 reduced until the circuit again 
resonates at the oscillator frequency. The 
difference between the two settings (AC) 
represents the capacity of C.. 
The arrangement of Fig. 1935 is additionally 

useful in that it can be used as a Q meter, and 
thus can be used for measuring r.f. resistance 
and impedance. 
As is shown by Fig. 1936, resistance in a 

tuned circuit broadens the resonance curve. 
Measuring the frequency difference between 
the two points at which the output voltage 
equals 70.7 per cent of the peak voltage (where 
the resistance in the circuit equals its react-
ance), will give the Q of coils and condensers. 
There are two methods of determining 

these points. One involves the use of a cali-
brated variable frequency oscillator to de-
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termine the band-width in terms of frequency 
change and the other a calibrated variable 
condenser to measure the capacity change. 
When the calibrated variable oscillator and 

v.t.v.m. are used, the frequency and r.f. 
voltage at resonance are first noted. The 
oscillator frequency is then varied on either 
side of resonance until the v.t.v.m. reads 70.7 
per cent of its initial value. Then Q is equal to 
the frequency divided by the band-width: 

where If is the difference between fi and f2. 
When the frequency of the oscillator is 

fixed and a calibrated variable condenser is 
used, the capacity at resonance (Cr) is noted, 
as well as that on either side at which the 
meter reads 70.7 per cent of maximum. Then 

2 C, 
Q - 

— 
(Qi — Q2) 

Low-Q mica and paper condensers (Q < 
1000) can be measured by inserting the un-
known in series with L and C. Q1 is measured 
with a shorting bar across the unknown; the 
bar is then removed and Q2 determined. Then 

(C2 — CI) QI Q2 Qor 
CI QI — C2 Q2 

If C2 is larger than C1, the reactance is in-
dnctive rather than capacitive; i.e., the "con-

C2 — CI 

The foregoing applies to measurement of 
the Q coils. Actually, the figure of Q thus de-
rived is not that of the coil alone but of the 
tuned circuit as a whole, including the con-
denser. The Q of the standard condenser 
must, therefore, be kept high. An efficient air 
condenser with steatite or mycalex insulation 
is required; it should be operated near maxi-
mum capacity. Use short, heavy leads and 
keep the stray capacities as low as possible. 
The Q of other air condensers and of mica 

condensers can be determined by first measur-
ing the Q of the circuit with a standard coil 
in place, and then connecting C in parallel 
with C and again measuring the Q. The Q of 
the unknown condenser is 

(CI — C2) QI Q2 

ruder fle. 
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Fig. 1937 — Simple i.f. test oscillator circuit diagram. 

— 100-,pfd. variable with 200-,pfd. fixed silver. 
mica zero-drift in parallel. 

Ci — 10O-pfd. midget mica. 
C3, C4 — 250-pdd. midget mica. 
Cb — 0.005-pfd. mica. 
Cs — 0.1-pfd. 400-volt paper. 
C7 — 500-mufd. midget mica. 
R: — 50,000 ohms, 4-watt. 
112— 2000 ohms, 2-watt. 
Ri — 20,000 ohms, 1-watt. 
R4 — 20,000 ohms, 2-watt. 
Bi — 500-ohm carbon potentiometer. 
L —440-510 kc.: 140 turns No. 30 e. close-wound on 

1M-inch diameter plug-in form. Cathode tap 
35 turns from ground end. 

1400-1550 kc.: 42 turns No. 20 d.s.c. on 1M-inch 
diameter form, tapped 10 turns. 

4500-5500 Ice.: 11 turns- No. 18 e. on 1M-inch 
diameter form, spaced wire diameter, tapped 
3 turns. 

RFC: — 2.5-mh. r.f. choke. 
RFC2— 25-mh. r.f. choke. 

denser" is actually an inductance at the 
measurement frequency. 
The r.f. resistance, reactance and imped-

ance of other components can be measured by 
the same methods. If an external r.f. imped-
ance (such as an antenna or transmission line 
or an r.f. choke) is inserted in a coil-condenser 
circuit, it will both detune the circuit and 
broaden its resonance curve. By observing the 
capacity required to bring the circuit back 
to resonance and measuring the additional 
resistance introduced, by re-measuring the Q, 
the reactive and resistive components of the 
external impedance can be computed. 

Using a standard coil and condenser suitable 
for the operating frequency, connect the un-
known quantity across C1 (for high resistances) 
or in series with L and C (for low resistances), 
and proceed as previously outlined. If C1 must 
be increased to restore resonance, the react-
ance of the unknown is inductive; if it must 
be decreased, the reactance is capacitive. 

FREQUENCY 

Fig. 1936 — Resonant curves 
of (A) a high-Q tuned circuit 
and (B) a low-Q circuit. 
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11 Receiver Characterstics 

Measurements in connection with receiving 
equipment come under twa heads: (1) over-all 
performance, and (2) servicing and alignment. 
The measurement of receiver performance 
requires precision laboratory equipment beyond 
the scope of the average amateur. Sufficient 
apparatus for servicing receivers should be 

115v, A C 

II7L7 

Rl 

Fig. 1938 — Simple test oscillator for receiver alignment. 
Ci — 350-pfd. variable. 
C2, C5 — 250-ppfd. Mica. 
C3 — 40-pfd. 250-volt electrolytic. 
C4 — 0.001 to 0.005 pfd. mica. 
Ri —0.1 megohm, 3/2-watt. 
R2, Ra — 50,000 ohms, 54-watt. 
L1 — See Fig. 1937. 
RFC — 10 mh. or larger r.f. choke. 

available in every amateur station, however. 
This may be as little as a multi-range volt-ohm-
milliammeter, a test-signal source of some de-
scription, and a few spare tubes. 

For the alignment of tuned circuits a simple 
test oscillator is required, preferably one that 
can be modulated by a 400-cycle audio oscil-
lator. A rectifier-type voltmeter may be used 
for the output meter. 
A heterodyne frequency meter is a suitable 

signal source for r.f. alignment, provided the 
harmonic amplitude on the higher frequencies is 
great enough. A harmonic amplifier and output 
attenuator are useful in this application. 
The i.f. test oscillator circuit shown in Fig. 

1937 consists of a simple e.c.o. with plug-in 
coils. The output level is controlled by a po-
tentiometer so connected as to present a con-
stant input resistance to the receiver. The 
oscillator should be shielded so that direct 
pick-up is minimized. Make all ground returns 
to a heavy copper strap connected to the cabi-
net at the output ground terminal. The plug-in 
coil should be separately shielded. 
The test oscillator may be suppressor-grid 

modulated by applying approximately 10 volts 
of audio (for 50 per cent modulation), as 
shown in the diagram. The suppressor-grid is 
biased 10 volts negative for modulated use; 
if an unmodulated signal is desired, the upper 
terminal may be grounded as indicated. This 
will increase the output from the oscillator. 
Conversely, if the output potentiometer does 
not attenuate the signal sufficiently additional 
d.c. negative bias may be applied between the 
modulation terminals. 
An even simpler test oscillator requiring no 

external power supply is shown in Fig. 1938. 
The tetrode section of the 117L7 is connected 

c4 
Cs 

as a triode in a simple Hartley circuit, while the 
rectifier supplies plate voltage through a resist-
ance-capacity filter. Output is taken from C5. 
The i.f. test oscillator may be calibrated by 

beating harmonics against signals of known fre-
quency in the b.c. band. Frequencies between 
465 kc. and 275 kc. can be spotted by using 
the second harmonic of the oscillator, while 
the remainder of the range to 175 kc. can be 
checked by using the third harmonic. 

Ordinarily, however, precise calibration is 
not required. Most communications receivers 
are equipped with a crystal filter and for i.f. 
alignment the oscillator frequency is set to 
correspond with the crystal response (§ 7-17). 
If the receiver contains no crystal filter the 
oscillator should be set at the design i.f. as 
closely as its calibration will permit. 

For use with an unmodulated test signal, 
the output indicator may be the "S"-meter in 
the receiver, a microammeter in the detector or 
a.v.c. circuit, or a vacuum-tube voltmeter. 
It is not advisable to use the receiver beat 
oscillator to generate an audible note for out-
put indications. When a modulated test signal 
is used, the output indicator may be a copper-
oxide rectifier-type voltmeter which reads the 
a.f. voltage across the rated output load re-
sistance. Power output call be computed by 
Ohm's Law. 
The a.f. modulating source for the test 

oscillator can be any audio oscillator capable 
of delivering 10 to 20 volts at the standard 
receiver-checking frequency of 400 cycles. 
A useful audio oscillator circuit is shown in 

Fig. 1939. It is a two-terminal or "transitron" 
oscillator (§ 3-7) using a pentagrid tube. A fre-
quency of approximately 400 cycles is gen-
erated with the tuned-circuit values shown. A 
variable-frequency oscillator can be made by 
inserting a resistance, R, in the tuned circuit, 
between L and ground. The highest frequency 
available is determined by L and C alone. In-
creasing R will decrease the frequency. If R 
is made 5000 ohms, a frequency ratio of about 
5 to 1 can be obtained. A good-quality wire-
wound variable resistor should be used. If 
difficulty is had making the tube oscillate over 
the entire range, try other values of R1 and C2. 

GA7,6A8 o 788 

1-250v 

Fig. 1939 — Simple negative-resistance audio oscillator. 
0.15-pfd. 400-volt paper. 

Ca, Cs — 0.1-pfd. 400-volt paper. 
C3 — 0.25-pfd. 200-volt paper. 
RI, Ri — 50,000 ohms, 1-watt. 
R3 — 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). 
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gn. Transmitter Characteristics 
The transmitter characteristics ordinarily 

requiring measurement are d.c., a.c. and r.f. 
voltages and currents, keying and modulation 
quality, and modulation percentage. Instru-
ments for the measurement of voltages and 
currents have been discussed. Keying and 
modulation checks may be made by several 
methods; the two commonly used by amateurs 
are aural checks with monitors, and visual 
checks with the oscilloscope (§ 5-10). 
Monitors — A monitor is a miniature re-

ceiver, usually having only a single tube, en-
closed with its batteries in some sort of metal 
box which serves as a shield. The requirements 
for a satisfactory monitor for checking c.w. 
signals are not difficult to satisfy. It should 
oscillate steadily over the bands on which 
the station is to be active; the tuning should 
not be excessively critical, although the degree 
of bandspread ordinarily considered desirable 
for receivers is not essential; the shielding 
should be complete enough to permit the 
monitor to be placed near the transmitter and 
still give a good beat note when tuned to the 
fundamental frequency of the transmitter 
(this is often impossible with the receiver 
because the pick-up is too great); and it should 
be constructed solidly, so that it can be moved 
around the station without the necessity for 
retuning while listening to a signal. 
The circuit of a simple monitor with band-

switching, covering four amateur bands, is 
shown in Fig. 1940. Any 1.5- or 2-volt filament 
triode can be used, as well as any batteries of 
a size that will fit into the container selected. 

Fig. 1941 — (A) Circuit diagram for a combination 
*phone monitor and overmodulation indicator. 

Ci — 0.005-pfd. midget mica. 
C2 — 0.01-pfd. paper. 
— 0.15 megohm, '/2-watt. 

Li — Pick-up coil (enough turns of hook-up wire 
to give 1 ma. deflection on the meter when 
the pick-up coil is loosely coupled to the final (A) 
amplifier tank circuit). 

M — 0-1 ma. d.c. milliammeter. 

(B) Circuit for a modulation percentage indicator. 
CI, RI and Li — Same as above. 
Cs — 0.005-pfd. midget mica. 
C4 — 1.0-pfd. paper. 
R2 — 0.25 megohm, 34-watt. 
Li — 30 to 50 henry iron-core choke. 
A 0-1 ma. a.c. milliammeter (d.c. movement with 

copper-oxide rectifier) also will be required. 

Fig. 1940 — Simple monitor for c.w. and 'phone. 
Ci — 50-ppfd. midget variable. 
C2 — 0.002-pfd. midget mica. 
C3 — 100-pfd. midget mica. 
Ri — 1 megohm, )4watt. 
St-S2 — 2-section 4-position rotary band switch. 
Sa S.p.d.t. low-capacity switch. 
S4 Toggle switch. 
Band L L' 

1.7 Mc. 
3.5 Mc. 
7 Mc. 
14 Me. 
All coils close-wound on 1-inch forms, adjacent 
coils at right angles. L and L' spaced 54.inch 
apart. 

90 turns No. 30 e. 24 turns 
50 turns No. 30 d.c.c. 16 turns 
30 turns No. 22 d.c.c. 10 turns 
10 turns No. 22 d.c.c. 7 turns 

A plate-tickler switch (Se) is provided to make 
the monitor non-oscillating when checking 
'phone signals. If desired, a regeneration con-
trol could be incorporated (§ 7-4). 
Any type of simple detector with a means 

for picking up a small amount of r.f. from the 
transmitter can be used as a 'phone monitor. 
A satisfactory monitor circuit using a simple 
diode rectifier and an untuned pick-up coil is 
shown in Fig. 1941-A. Headphones are plugged 
into the jack for listening checks. The monitor 
may also be employed as an overmodulation 
indicator by use of the 0-1 milliammeter, M. 
The pick-up coil is loosely coupled to the tank 
circuit of the final r.f. amplifier until the mil-
liammeter reads approximately 0.9 ma. The 
speech amplifier is supplied with a 400-cycle 
sine-wave tone from an audio oscillator, such 
as that shown in Fig. 1939, and its gain control 
turned up. When the monitor meter starts to 
rise, overmodulation is indicated. 
The circuit of Fig. 1941-B indicates the per-

centage of modulation directly. The a.c. milli-
ammeter is first plugged into the left-hand 
jack and the pick-up coupling adjusted to give 
a full-scale meter reading on the unmodulated 
carrier. Then the meter is plugged into the 
right-hand jack and the transmitter modulated 
by a tone or speech signal. The modulation per-
centage will be 140 times the reading of the 
meter; e.g., with 100 per cent modulation the 
meter will read approximately 0.7 ma. When 
measuring percentage of speech modulation, 
the inertia of meter will cause it to undershoot 
on peaks; the swing should, therefore, be lim-
ited to somewhat less than 0.7 ma. (Bib. 7.) 

E 

(B) 

RFC C4 
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«L Antenna Measurements 
Antenna measurements are made for the pur-

pose (a) of securing maximum transfer of power 
to the antenna from the transmitter, and (b) of 
adjusting directional antennas to conform with 
design conditions. Measurements are therefore 
made of the current (power) in the antenna, 
voltage and current relationships, resistance, 
and radiated field intensity. Related to meas-
urements of the antenna proper is the measure-
ment of transmission line characteristics, 
chiefly involving impedance and resistance. 
The instruments described for r.f. measure-

ment (thermocouple ammeter, vacimm-tube 
voltmeter, L, C and Q meter) all are applicable 
to antenna measurement. 

Ant. 

955 

— 4.59.+ 

Fig. 1942 — Acorn-tube field-intensity meter for v.h.f. 
Ci — 3-30-ppfd. mica trimmer. 
C2 — 35-ppfd. midget variable. 
Ca — 250-pfd. midget mica. 
RI — 1000-ohm potentiometer. 
L — 50-80 Mc.: 7 turns No. 14 tinned wire, 3/5-inch 

diameter 1 inch long. 
25-40 Mc.: 10 turns No. 14 tinned wire, Vt-inch 

diameter 1 inch long. 
12-20 Mc.: 20 turns No. 16 enamel wire, close-

wound on i%-inch diameter tubing. 
6-10 Mc.: 37 turns No. 22 enamel wire, close-

wound on 34-inch diameter tubing. 
M —0-200 pa. d.c. microammeter. 

Field-intensity meters — In adjusting an-
tenna systems for maximum radiation and 
in determining radiation patterns, use is made 
of field-intensity meters. Fundamentally the 
field-intensity meter is a vacuum-tube volt-
meter provided with a tuned input circuit. 
It is used to indicate the relative intensity of 
the radiation field under actual radiating con-
ditiens. 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 meter shown in 

Figs. 1903-1904 may be used as a field strength 
meter if it is provided with a pick-up antenna. 
This can be short length of brass rod or an 
automotive-type antenna mounted on a stand-
off insulator and connected to the stator of 
the tuning condenser through a small trimmer. 
The crystal detector is not linear, and a given 
increase in rectified current does not indicate a 
directly proportional increase in field strength. 

A simple field intensity meter particularly 
suitable for work in the v.h.f. region is shown 
in Fig. 1942. Essentially, it consists of an acorn 
triode operated with very low plate voltage 
and biased to cut-off, constituting a linear 
detector. When a signal is tuned in rectifica-
tion occurs, and the plate-current increment is 
read on the microammeter. The microammeter 
scale will read approximately linearly with 
voltage, a characteristic which is advantageous 
when making certain types of comparative 
measurements. Radiated power variations will, 
of course, be as the square of the field-voltage 
indication. 
A more sensitive field-intensity meter of use 

in examining the field-strength patterns of 
lower-frequency antenna systems, employing 
a diode rectifier and d.c. amplifier in the same 
envelope, is shown in Fig. 1943. The initial 
plate current reading is about 1.4 ma.; with 
signal input, the current dips downward. The 
scale reading is linear with signal voltage. 
Power gain in antenna systems usually is 

expressed in terms of decibels. A field-intensity 
meter which reads directly in db. is shown in 
Fig. 1944. It consists of self-biased linear 
triode voltmeter followed by a variable-is d.c. 
amplifier tube. Because of the logarithmic 
grid-voltage/plate-current characteristic of this 
tube, a 0-1 ma. milliammeter in its plate cir-
cuit can be calibrated arbitrarily with a linear 
db. scale, as shown. For extreme accuracy an 
individual calibration should be made on a.c., 
but the arbitrary scale shown will be found 
sufficiently accurate to be useful. 
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 
scale. A variable meter shunt compensates for 
variations in tubes and battery voltages. In use, 
the balancing 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 indi-
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Fig. 1943 — Sensitive diode-triode field-intensity meter. 
Ci — 50-ppfd. midget variable. 
Ca — 250-ppfd. midget mica. 
— 0.002-pfd. midget mica. 

RI — 1 megohm, A-watt. 
L — 1.5- Mc.: 58 turns No. 28 d.s.c., close-wound. 

3-6 Mc.: 29 turns No. 20 e., close-wound. 
6-12 Mc.: 15 turns No. 20 e., spaced. 
11-22 Mc.: 8 turns No. 20 e., spaced. 
20-40 Mc.: 4 turns No. 20 e., spaced. 

All wound on 1A-inch coil forms, winding length 1A 
inches; diode tap in center of coil. 
M — 0-500 pa. d.c. microammeter. 
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— 22.5 V.+ 

Fig. 1944 — A logarithmic field-intensity meter with db. calibratioq, employing a variable-a d.c. amplifier tube. 
C1— 3-30-add. mica trimmer. RI — 10 megohms, 3/2-watt. L — See coil data under Figs. 1942 
C2— 50-pufd. midget variable. R2— 1000-ohm wire-wound. and 1943. 
Cs, C4 — 500-µpfd. midget mica. St, S2— Toggle switches or d.p.s.t. M — 0-1 ma. d.c. millammeter. 

cate 0 db. Alternatively, the • initial reading 
may be set arbitrarily at 10 db.; adjustments 
will then be indicated as losses or gains in rela-
tion to that figure. 
The range may be extended to +45 db. by 

inserting a 2-point tap switch in the lead to 
the 1T4 amplifier from the self-biasing resistor 
R1 and tapping that resistor at 1 megohm to 
provide a 10-to-1 multiplier. Add 20 db. to 
all readings when the multiplier is used. 

in Tube Characteristics 

The best check on a receiving or transmit-
ting tube is by a direct comparison in its own 
socket with a new tube of known quality under 
actual operating conditions. Any other test 
falls short of an actual performance test. 
For convenience, however, an auxiliary tube 

checker is desirable. A number of commercial 
tube checkers of the type used by servicemen 
are on the market. In purchasing one, the 
following qualifications should be sought: 
(1) complete facilities for checking shorts be-
tween any pair of electrodes; (2) a transcon-
ductance rather than an "emission" test 
(the emission of a tube may vary widely with 
no effect on its performance, while genuinely 
faulty tubes may show rated emission); (r.‘) 
provision for checking plate and screen cur-
rents under typical conditions (at rated volt-
ages); (4) gas and noise tests. 
The construction of a comprehensive tube-

checker is an elaborate project. However, for 

Fig. 1945 — Circuit for measuring vacuum-tube 
transconductance, used for checking condition of tubes. 

an occasional need the amateur can assemble 
a circuit using an existing power source in ac-
cordance with Fig. 1945 to make a reasonably 
accurate standard transconductance test. A 
pentode tube is shown; for other types omit 
or add electrode connections as required. The 
voltages applied should correspond with those 
listed under "Typical Operating Conditions" 
in the tables of Chapter Twenty-One. They 
should be accurate to within 5 per cent (espe-
cially grid voltage, plate voltage for triodes and 
screen voltage for pentodes). With the switch 
in No. 2 position, the plate and screen currents 
should be near the rated values; wide varia-
tions from normal indicate a defective tube. 
To make the transconductance test, note the 

plate current with the grid switch alternately 
on positions 3 and 1, which changes the bias 
from exactly 0.5 volt less than rated bias to 
exactly 0.5 volt more. The resulting plate cur-
rent change multiplied by 1000 equals the 
transconductance in micromhos. This value 
should be checked against the tables. Tubes 
usually will operate satisfactorily until the 
transconductance falls to 70 per cent of rating. 

Pentagrid and heptode frequency converters 
can be checked by this method if the rated 
d.c. electrode voltages are applied. The oscil-
lator section can be checked separately by 
noting the oscillator-anode current change. 

Diodes can be checked by applying 50 volts 
of 60-cycle a.c. between plate and cathode, in 
series with a 0.25-megohm load shunted by a 
2-pfd. condenser, and reading the rectified cur-
rent on a 0-1 ma. d.c. meter. A reading of 0.2 
to 0.25 ma. indicates a satisfactory tube. 
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CHAPTER TWENTY 

Works lop Practice 

IN CONTRAST to the earlier days of 
amateur radio, when many components were 
obtainable only at prohibitive prices or not at 
all, the construction of a piece of equipment 
these days resolves itself chiefly into the proper 
assembly and wiring of manufactured com-
ponents from the wide assortment available. 

Il 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 the next 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, M-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, %-inch. 
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. 

4[1, 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 dipping it in sal ammoniac while 
hot and then wiping it clean with a rag. If the 
tip becomes pitted, it should be filed until 
smooth and bright, and then tinned by dipping 
it in solder. 

All tools should be wiped occasionally with 
an oily cloth to prevent rust. 

INDISPENSABLE TOOLS 
Long-nose pliers, 6-inch. 
Diagonal cutting pliers, 6-inch. 
Screwdriver, 6- to 7-inch, 34-inch blade. 
Screwdriver, 4- to 5-inch, 3-inch blade. 
Scratch awl or scriber for marking lines. 
Combination square, 12-inch, for laying out work. 
Hand drill, 34-inch chuck or larger, 2-speed type 

preferable. 
Electric soldering iron, 100 watts. 
Hacksaw, 12-inch blades. 
Center punch for marking hole centers. 
Hammer, ball peen, 1-lb. head. 
Heavy knife. 
Yardstick or other straight-edge. 
Carpenter's brace with adjustable hole cutter or 

socket-hole punches (see text). 
Pair of small C-clamps for holding work. 
Large, coarse, flat file. 
Large round or rat-tail file. 4-inch diameter. 
Three or four small and medium files—fiat, round, 

half-round, triangular. 
Drills, particularly 34-inch and Nos. 18, 28, 33, 42 
and 50. 

Combination oil stone for sharpening tools. 
Solder and soldering paste (non-corroding). 
Medium-weight machine oil. 

417 
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Useful Materials 

Small stocks of various miscellaneous ma-
terials will be required in constructing radio 
apparatus, most of which are available from 
hardware or radio supply stores. A representa-
tive list follows: 

3/2-inch by 1/16-inch brass strip for brack-
ets, etc. (half-hard for bending). 

3.-inch square brass rod or 32 X M X 1/16-
inch angle brass for corner joints. 

3d-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 ),-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. 

ILL 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 th ê 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 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. 

Number 

M IIERED DRILL SIZES 

Diameter 
(mils) 

Will Clear 
Screw 

Drilled for 
Tapping Iron, 
Steel or Brass* 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
26 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
60 
51 
52 
53 
54 

228.0 
221.0 
213.0 
209.0 
205.0 
204.0 
201.0 
199.0 
196.0 
193.5 
191.0 
189.0 
185.0 
182.0 
180.0 
177.0 
173.0 
109.6 
166.0 
161.0 
159.0 
157.0 
154.0 
152.0 
149.5 
147.0 
144.0 
140.0 
134.0 
128.5 
120.0 
116.0 
113.0 
111.0 
110.0 
106.5 
104.0 
101.5 
099.5 
098.0 
090.0 
093.6 
089.0 
086.0 
082.0 
081.0 
078.5 
076.0 
073.0 
070.0 
067.0 
063.5 
059.5 
055.0 

12-24 

12-20 

10-- 32 
10-24 

2-- 32 

0-3- 2 

4-34 4-40 

3-- 48 

2-- 56 

14-- 24 

12-24 

12-- 20 

10-- 32 

10-- 24 

8-$9 

0-- 32 

4-30 4-40 

3-48 

2-- 46 

*Use one size larger for tapping bakelite and hard rubber. 

By means of the square, lines indicating ac-
curately the centers of shafts should be ex-
tended to the front of the chassis and marked 
on the panel at the chassis line, the panel 
being fastened on temporarily. The hole centers 
may then be punched in the chassis with the 
center punch. After drilling, the parts which re-
quire mounting underneath may be located and 
the mounting holes drilled, making sure by trial 
that no interferences exist with parts mounted 
on top. Mounting holes along the front edge 
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 
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Fig. 2001 — 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. 

of the center of each shaft above the chassis, 
as illustrated in Fig. 2001. 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. 

El Drilling and Cutting Holes 

When drilling holes in metal with a hand 
drill it is important that the centers first be 
located with a center punch, so that the drill 
point will not "walk" away from the center 
when starting the hole. Care should be taken 
not to use too much pressure with small drills, 
which bend or break easily. Whenever 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 k-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 k-inch drills. Although it is rather 
tedious, the k-inch hole may be filed out to 
larger diameters with round files. Another 
method possible with limited tools is to drill a 
series of small holes with the hand drill along 
the inside of the diameter of the large hole, 
placing the holes as close together as possible. 
The center may then be knocked out with a 
cold chisel and the edges smoothed up with a 
file. Taper reamers which fit into the carpen-
ter's brace will make the job easier. A large rat-
tail file clamped in the brace makes a very good 
reamer for holes up to the diameter of the file, 
if the file is revolved 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. 

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 Vs-inch hole inside each corner, as illustrated 
in Fig. 2002, and using these holes for starting 
and turning the hacksaw. The socket-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. 

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. Taps and 
dies are obtainable in all standard machine-
screw sizes. A set usually consists of taps and 
dies for 4-36,6-32,8-32,10-32 and 14-20 sizes, 
with a holder suitable for use with either tap or 
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 tap 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. 

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 

A 
Fig. 2002 — To cut rectangular holes in a chassis, 
corner holes may be filed out as shown in the shaded 
portion of B, making it possible to start the hacksaw 
blade along the cutting line. A shows how a single. 
ended handle may be constructed for a hacksaw blade. 
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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. 

ij 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. 

El, 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 Kem-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° for one and one-half hours. This 
will produce a regular commercial job. This 
finish, which comes in several different colors, 
is produced by the Sherwin-Williams Paint 
Co., and should be obtainable through any 
dealer handling Sherwin-Williams products. 

C. Hook-Up Wire 

A popq.lar 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 

r  

RIGHT WAY 

Cable Wires 

WRONG WAY 

Fig. 2003 — Right and wrong 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, Chapter 
Twenty-One). 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. 

(1.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. 2003 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 ter-
minals 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 



Workshop Practice 421 
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 
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. 

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. 

Id. 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. 

I=[ 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. 
Scrape 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 spacing 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. 

«1 Coil Cement 
Duco 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. 



CHAPTER TWENTY-ONE 

be Characteristics and 
Miscellaneous Data 

Tine chapter contains a compilation 
of miscellaneous data useful to the practising 
radio amateur. The first part contains refer-
ence information intended to illustrate and 
supplement the basic material in the re-
mainder of this Handbook. The larger part of 
the chapter is devoted to data on different 
types of receiving and transmitting tubes. 

Inductance and Capacity 

Inductance (L)— The formula for com-
puting the inductance of air-core coils is: 

0.2 cen2  
L = ph. 

3a + 9b + 10c 

where a is the mean diameter of the coil in 
inches, b is the length of the winding in inches, 
c is the radial depth 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 
427), 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 - = 61.25 ph. - (3 X 1.5) + (9 X 0.5) 

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

N j3a ±9b  
X L 

0.2a2 

More rapid and convenient calculations in 
designing coils can be made with the ARRL 
Lightning Radio Calculator (Type A). 

Condenser capacity (C) — The formula for 
determining the capacitance of a condenser is: 

KA 
C = 0.2235 — (n - 1) add. 

d 

where A is the area of one side of one plate in 
square inches, n is the total number of plates, 
d is the separation between plates in inches, 
and K is the dielectric constant ( 1 for air; 
see the table on page 423 for values for other 
materials). 
The dielectric constant is the ratio of the 

capacitance of a condenser with a given di-
electric to its capacitance with air dielectric. 

(I, Linear Circuits 

At very-high and ultrahigh frequencies trans-
mission lines are used as linear resonant 
circuits. The following formulas cover the design 
of such circuits. All dimensions are in inches. 

Characteristic impedance — The charac-
teristic or surge impedance, Z., of various types 
of transmission lines may be computed as 
follows: 

Single conductor to perfect ground: 

Z. = 138 log —2D 
a 

where D is the height of the conductor above 
ground and a is the radius of the conductor. 

Concentric or coaxial conductor: 

138 = V K log - 
a 

where b is the inside radius of the outer conduc-
tor, a is the outside radius of the inner conduc-
tor and K is the dielectric constant ( =1 for 
air; see table for values for other materials). 
When the dielectric consists of spaced insu-

lating washers or beads with air between, a 
corrected value for K (K') must be used: 

K - 1 w - 

where K is the dielectric constant of the spacer 
material, s is the distance between adjacent 
spacers, and w is the width of one spacer. 

For concentric lines with square or trough-
type outer conductors, the value for b is taken 
as the height of one side X 1.079. 

Parallel conductors: 
D 

Z0=276 log - 
a 

where D is the center-to-center spacing be-
tween conductors and a is the radius of the 
conductors. 

Parallel conductors in a concentric shield: 

Z.= log X 
VK 
276 [D 1 - (f-6)2] 

a 1+ (PY 
‘2b, 

where K, D, b and a are the same as above. 

422 
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Inductance, capacity and resistance - 

The capacity, inductance and, resistance of 
transmission lines are linear functions, and are 
computed in terms of unit length. Except as 
noted, the symbols are the same as before. 

Concentric and coaxial conductors: 

L = 0.14 log - ph./ft. 
a 

7.35 
= - pidd./ft. 

log - 
a 

= microhms/ft. 
2a 

where f is the operating frequency in cycles. 

Parallel conductors: 

L = 0.279 log -D 
a 

3.66 
C pfd./ft. 

D 
log ; 

R = microhms/ft. 
a 

Reactance, resonant impedance and Q - 
For lines less than one-quarter of a wavelength 
long at the operating frequency, 

360° 1 
XL = Z. tan 

X 

where / is the length of the line and X is one 
wavelength at the operating frequency (both 
measured in the same units). 
To tune such a line to resonance, capacitive 

reactance equal to the inductive reactance 
must be connected across the line. The capacity 
required to tune a given line to resonance is 

C - 
Z. tan 360° / 

X 

1 

The parallel-resonant or input (sending-end) 
impedance of the line is 

XL' L 
Z. = - = - = X LQ 

R RC 

For high parallel-resonant impedance (maxi-
mum gain), the b/a or Dia ratio should be 
made between 6 and 12. 

The Q of a resonant line is 

2111, 1 \fi: Q _ 
R R C 

For high Q (maximum selectivity) the b/a 
or D/a ratio should be made between 2.5 and 
5. Where the conductor spacing is within these 
limits, 

Q = 0.22 b 

as an approximation within ± 10 per cent. 

Dielectric 

Table of Dielectric Constants 
Power Puncture 

factor 1 voltage 2 
Air (normal pressure) . . 1.0 - 19.8-22.8 
Amber  2.0 0.2-0.5 - 
Asphalts  2.7-3.1 2.3e 25-30 
Bakelite - SeePhenol 
Beeswax  2.9-3.2 - - 
Caaein plastics 4  6.1-6.4 5.2-8 165 
Castor oil  4.3-4.7 7 380 
Celluloid  4-16 5-10 - 
Cellulose acetate 5   8-8 3-6 300-800 
Cellulose nitrate 6   4-7 2.8-5 300 
Ceresin wax  2.5-2.8 0.12-0.21 --
Enamel (wire covering) -- -- 500-750 
Fibre  5-7.5 4.5-5 150-180 
Glass: 

Cobalt  '   7.3 0.7 --
Common window  7.6-8 1.4 200-250 
Crown  6.2-7 1 3 500 
Electrical  4-5 0.5 2000 
Flint  7-10 0.4 - 
Nonex  4.2 0.25 
Photographic  7.5 0.8-1 - 
Plate  6.8-7.6 0.6-0.8 - 
Pyrex  4.5 0.7 335 

Gutta percha  2.5-4.9 - 200-500 
Lucite 7  2.5-3 1.5-3 500 
Mica  2.5-8 1-6 - 
Mica (clear India)  6.4-7.3 1-2 600-1500 
Mycalex  6-8 0.2-0.3 250 
Nylon  3.6 2.2 - 
Paper  2.0-2.6 - 1250 
Paraffin wax (solid)   1.9-2.6 0.1-0.8 300 
Phenol: 8 
Pure  5 1 400-475 
Asbestos base  7.5 15 90-150 
Black molded  5-5.5 3.5 400-500 
Fabric base  5-8.5 3.5-11 150-500 
Mica-filled  5-6 0.8-1 475-600 
Paper base  3.8-5.5 2.5-4 1350-750 
Yellow  5.3-5.4 0.36-0.7 500 

Polystyrene 2  2.4-2.9 0.02 500 
Porcelain (dry process)   6.2-7.5 0.7-15 40-100 
Porcelain (wet process)   8.5-7 0.6 150 
Preseboard (untreated)   2.9-4.5 - 125-300 
Pressboard (oiled)  5 - 750 
Quartz (fused)  4.2-5.1 0.015-0.03 200 
Rubber (hard)"  2-3.5 0.5-1 450 
Shellac  2.5-4 0.09 900 
Steatite"  6.1 0.06-0.2 150-315 
Titanium dioxide"  90-170 0.1 - 
Urea formaldehyde 13  5-7 2-4 300-400 
Varnished cloth 14 .. 2-2.5 2-3 440-550 
Vinyl resins  4 1.4-1.7 400-500 
Vitrolex  6.4 0.3 - 
Wood (dry oak)  2.5-6.8 3.85 - 
Wood (paraffined maple) 4.1 - 115 

1 At 1 Mc. 
2 In kilovolts per inch. Most data applies to relatively thin 

sections and cannot be multiplied directly to give breakdown 
for thicker sections without added safety factor. 
3 At 1 kc. 
4 Includes such products as Aladdinite, Ameroid, Galalith, 

Erinoid, Lactoid, etc. 
5 Includes Fibestas, Lumerith, Nixonite, Plastacele, 

Tenite, etc. 
8 Includes Amerith, Nitron, Nixonoid, Pyralin, etc. 
Methylmethacrylate resin. 

8 Phenolaldehyde products include Acrolite, Bakelite, 
Catalin, Celeron, Dielecto, Durez, Durite, Formica, Gem-
stone, Heresite, Indur, Makalot, Marblette, Micarta, Opa i-
on, Prystal, Reainox, Synthane, Textolite, etc. Yellow bake-
lite is so-called "low-loss" bakelite. 
9 Includes Amphenol 912A, Diatrene, Intelin IN 45. 

Loalin, Lustron, Quartel, Rezoglas, Rhodolene M, Bonilla 
L. Styraflex, Styron, Trolitul, Victron, etc. 

15 Also known as Ebonite. 
11 Soapstone - Alberene, Alaimag, Isolantite, Lava, etc. 
12 Rutile. Used in low temperature-coefficient fixed con-

densers. 
13 Includes Aldur, Beetle, Plaakon, Pollopa,s, Pryst4d. etc. 
14 Include.s Empire cloth. 
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INDUCTANCE, CAPACITY AND FREQUENCY—CHART I, 1.5-30 MC. 
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This chart may he used to find the values of inductance and capacity required to resonate at any given frequency 
in the medium- or high-frequency ranges; or, conversely, to fiml the frequency to which any given coil-ciindenser 
combination s, ill tune. 1 n the example shown by the dashed lines, a condenser has a mini! ---- 01 capacity- of 15 ggfil 
and a maxim --- capacity of 30 gg fil. If it is to be used s. ith a coil of 10-mh. inductance, what frequency range Will be 
covered? The straight-edge is connected between 10 on the left-hand scale and 13 on the right, giving 13 Mc. as the 
high-frequency limit. Keeping the straight-edge at 10 on the left-hand scale, the other end is swung to 50 on the 
right-hand scale, giving a low _frequency limit of 7.1 Mc. The tuning range Would, therefore, be from 7.1 Mc. to 13 

or 7100 lie. to 13,000 ke. rrhe center scale, also serves to convert frequency to wavelength. 
The range of the chart can be extended ley multiplying each of the scales by 0.1 or 10. In the example above, if 

the capacities are 150 and 500 ggfd. and the inductance 100 gh., the range becomes approximately 231 to 122 meters 
or 0.7 to L3 Me. Alternatively, 1.5 to 5 µµfd. and 1 gil. will give a range of approximately 71 to 130 Mc. 
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INDUCTANCE, CAPACITY AND FREQUENCY - CHART II, 30-300 MC. 
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The chart above is an extension of the chart on the facing page, by means of si hkh the same values of L, C and 
F can be found for the very-high- and ultrahigh-frequency ranges. It is used in the same manner as Chart 1. 
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The charts on this page, prepared by Ralph R. Batcher, make possible the 
design of small coils for very-high frequency use with reasonable accuracy. 
The inductance of coils with two or more turns, or the dimensions required for 
a given value of inductance, may be •letermined from the chart above. The 
inductance of single-turn coils or loops can be obtained from the chart at the left. 
To find the inductance of a given coil from the chart above, first locate the 

diameter in inches on the abscissa at the bottom. Draw a vertical line upward 
to intersect the curved scale corresponding to the length in inches. From this 
intersection project a line at right angles to locate the -shape factor.' on the 
right-hand ordinate. Draw a him- from this point to the "turns per inch" scale 
at the left; the point where this line crosses the "microhenries" scale is the 
inductance of the coil. In the example shown by the dashed lines, a coil of 
1T rineh diameter wound with UI turns, 0.4 inches long, or .1.1 turns per inch, 
has an inductance of approximately 0.10 ph. 
To find the inductance oía single-turn coil or loop, dram a line from the diam-

eter scale on the chart at the left through the point on the center scale which 
corresponds to the ratio of turn diameter to conductor diameter. The point 
where this line crosses the "microhenries" scale will give the inductance. Thus, 
a 2-inch loop of No. 12 wire has an inductance of approximately 0.11 µ b. 

In computing dimensions, the diameter of the coil is taken bet..een centers 
of turns (diameter of form plus diameter of wire), mhile the length is the. over-
all length of the coil (number of turns times distance between centers). 

Courtesy Electronic Industries 

S
H
A
P
E
 
F
A
C
T
O
R
 

2.5 30 



426 THE RADIO AMATEUR'S HANDBOOK 

o 

o 
tn 

o c‘i 

EFFECT OF COIL SHIELDS ON INDUCTANCE 

g a • .„ 
Mil RINI slii MirriliginitiiiiiiiiligilailliMI.iiiiiiiiiiillierETE-m--É. 
fiN Iiiiiiiill11111rillitlillffillill'HelillitniiiiiillINilligile.4".. 

gig ill iMil IMEEMI Iiiiiiiiii110.111M1111111111N51111111111111MiiiiiiiMEIRÉ 
imollHillgilullminrielffneemiair.E9.131iiiirrlinilippighetfelE, 

::::rarlar 111111 6 lit 1:,,,nini I in:  il" Vve'.ama , • 

19illl nil I'd in 1 11 illiii Iiiiii.m...11,11illEilairiieulididill191,111uplif e ailDitiE e a bind mu wt. imilwa::::::11:.1111111.1..imei Emir. ilk h imumi::z1virbell 
1"111111 IF l Fa rentilÎii:::::::IiIMIlirn Iiiirliiii9 !Tiff FIFIIIMIIII11 -10`rigl: 
inilipin i spun ninimunninuinumununimmlit4 In In 'pi nummintEmeicztu 
iiii 1111 11 1 U 1 1411 MI 1 111111 1111111m 11311111111 Ill Ill 11111Dill 111 i11 Ii11111 11 11 1111111111111E141t1111 

ON 1111110 1 Mdlitudnutuni1111111111,111M111 1111111111111 1111111. 11111111 11111111111111111111lialillhaliAZ 
ià[211111111111111111111111 rillnifitaIlIP.ZSAMIlliliTifflitifFM102010ifilliiiIPUOLULW 
MIIIIIIM111111111111111111EBICIMEILIIIMM211I0 r1111111B5111I;IIIIHMOIBlifillErjEdLgE 
ESE MI I ill INIE1111111 111111RIUMEllERIZEMMINIllinpliiillInnillg-MgM 
SàgNi'ililiffiagq1111H1111/111-fÉlIZEMEIRINIMiiiiNnitifillIÉEME 
munnicium alum rniii iuflDIOrlll0l10I!IWOu1UI 

, 

311E111111111111111111111111 illIE14212121111111Pillklflemill6M11111C111111111:1151122531ZEMEN 
MEMIZinaili ining-M0.11111Ulksil@ERIIIIIILIMMIllilleilirdlglelgeW 
1111111BREVIIII iffli INEIVIMEMPRIETHilIIIIIIHRIIIBM1113Iffif-AhaEZ 
ggiginiii 1Rettil IMEgikliIIMIHiggiffilEMIHRUreggilkilFIE 

51! MB III d 'illiffill11111.E.MelleTeluzirmsuiiiinï5iiieezm itilligill  _maim:imp a r: '11.1Pli  t t 8 •:::Fien'"'"="a'' 
. .........0   ,m1M•BIMMIIII• 

1M 0111 uriii Ev--- ----- gir"..,eibrffihm , 91: - itIZZZLIT1 mil.....mii mis.mumm 
MUM.' Li! nyls"a,%so.7.ELEF.EIZEPhi il  lieurulteid... ... :le  eil•e :rein 
Ermunuma I iii.,..... in mi. ::,-------:w1;q:ip  loué'iarpli  L  .. IBM Maillin111,1 111111111111. III III In ‘ 1 
1111111111 IIIIIIMS 1111  . .133•11UNIMIWIMIIM 11111, 11111111 ...... .1 W11111111111, 

1111M111131•1111, mu m ..... ,,i, wiwitiil ............H11:1L........ . ... 
ummilitual gmmintumu i klip p1101:11:::0:::::MMIMMILIZZIMMUMMIIM::::::9 4 1 mlleumummumummuirummillifinoninii limommilinikmm..... 
rmvuonning 

nomminnuiqmpu i muoimptimunnommommannonionniugniumannuninaluminunsinumumni 
nummiumniE11111B1111110111111111111111111111111111ZEMM1110111111011111110111111111111101111111111111\111111311. 
ETLIIIIIILIMIL'EIRIMMealiMMUKME-111/1K-WeEIrdliMIHNIMInilfflii 
OZZ'ERUNZIEUillggiqd.ggrelEMCZE-MIEMMUMZEIMMIniiiiiMF:111111& 
Igatu.kimoEirq_Lerolii..it1. 1:4-ettErromporogrimmireirj..iillMills:E'ngIlligh. 
gmig-leiteartimirtiareilE-..:z.,..::,.iEklmezEtiernmiiiiMMFUOlien''EnÊnil' ..____„•........._ • ......•______,.•-;.,.. .... :... . ,...,.. * tenvamet=2 re. iin 

pgjp.!1187611.__ILWAIMP:19_;¡.":_,,,  Jae isd gin .mrelnklirdltUrd4:111111MILNEUllie 

erredieledereilreiritlilleilleiPi ee'eeleeenueammillimeen * ._._.........._....__,.......m,..,.......,.......e...glrgekudrablE ELI ullemlim minkm 

11/111101eRMINIllielngeneerdelellIEl lilliglhe111211k 
.riggielElàgteilifilîi3elin;7:3M;INIgleirleiritri:lele°5:111e11919 

'I'llegiMMIqlqL1:g0F1511:1#1317:33.110refiVillilggli;i1Fillili!Ig8111:11153e3 
EflalljaVieplunromrimî:diiiliailÉliilied ' ,iekidia'rulletlil:_radran Ill, 
imIlliumaiiinch.niliitiLtuii.{...i.puien:0:::1:4apoilduhll i'.91Eligini iiihuihrazazi iii, . ......«. 11111.1111 1111111111 ILIII LI ... MIMMIMI IL Ill i . mamma 
nuunnummmanup.mmprins.vosqloumulelgeor imirrik, r liqmiine:::::11 
gmmunouti U,:111 11111 LI. glPir.12111E•purellirair..101111P11.1 11.) . ip. dill II 11 1 • .e., , 
111114111111111111111 !Uphill,' Iliu111.0111PL11111111111111riumm,p,11 iri111 it ,1,11 16.. I 1..tvl.._.,.. 

i 
i 41 

aliffilir"lim gilliiltailliiiiiiniiiii Mik Ill  II Iiiii111111110111A11 1 mouge.mgrotumuntswimegew.immdlIngffitiMli PlillanflininreilSEIP.1 _11 
figgMFAZgieNglare.-skEls" Mr. E.= IIDMIIIIRMI IIIIIMIRIPBM"sUÉ711:=e-
§INUIludginiggiggIEWPAP= "'ff-DiâgEigraIMEMBINIIIIIIIFIreli-ggÉnÉ 

• 

• 

o d .1) 
d o o 

nl 
o o 

co e1 

q q o 
Cr1 

O RCA Mts. Co. 

to 
d 

o 

cl 

d 

d 

Enclosing a coil in a shield decreases the inductance of the coil (D 2-1.1). Considering the shield as a single turn 
having low resistance compared to its reactance, the following formula gives the actual inductance of the coil within 
the shield: L = Ls(1— K2), where L is the desired inductance, Ls is the inductance of the coil outside the shield, and 
K2 is a factor from the chart above. b — length of winding of coil; a — radius of coil; A — radius of shield. 
The curves are sufficiently accurate for all practical purposes throughout the range shown when the length of the shield 
is greater than that of the coil by at least the radius of the coil. If the shield can is square instead of circular, A may be 
taken as 0.6 times the width of one side. The reduction factor, K2, is plotted against b/2a (ratio of length to diameter 
of coil), for a series of values of a/A, the ratio of coil radius to shield radius (or coil diameter to shield diameter). 
The reduction in inductance does not become serious with coils of 6/2a ratios of 2 or less, until the shield diameter 
becomes less than twice the coil diameter. With an a/A ratio of 0.5, the reduction will be of the order of 15 per cent. 



COPPER WIRE TABLE 

Turnelon,Linearlach 2 Turns pm,SOuarelnch 2 Feetpera. . 

Ohnu 

Current 
Carrying 

'Mammal S.C.C. 
LUX% 

or O.C.O. .51.Cte. 
Enamel 

D.C.C.S.C.C.  Bare D.C.O. 

Gouge 
No. 
. &S. 

Diarn. 
in 

ifile 1 

Circu/ar 
ifil 
Area 

per 
10001t. 
25°C. 

CalmeitY 

at 
1500(7.31. 

Lliant. 
in non. 

ei:e 
S.W.G.le 
No. 

&C.C. per 
..41Unp.3 

1 289.3 83690 -- -- -- -- -- __ 3.947 -- .1264 55.7 7.348 1 
2 257.6 66370 -- -- -- -- -- -- -- 4.977 -- .1593 44.1 6.544 3 
3 229.4 52640 -- -- -- -- -- __ __ 6.276 ' .2009 35.0 5.827 4 
4 204.3 41740 -- -- -- -- -- -- -- 7.914 -- .2533 27.7 5.189 5 
5 181.9 33100 -- -- -- -- -- -- -- 9.980 -- .3195 22.0 4.621 7 
6 162.0 26250 -- -- -- -- -- -- -- 12.58 -- .4028 17.5 4.115 8 
7 144.3 20820 -- -- -- -- -- -- -- 15.87 -- .5080 13.8 3.685 9 
13 128.5 16510 7.6 -- 7.4 7.1 -- . -- -- 20.01 19.6 .6405 11.0 3.264 10 
9 114.4 13090 8.6 -- 8.2 7.8 -- . -- -- 25.23 24.8 .8077 8.7 2.906 11 
10 101.9 10380 9.6 -- 9.3 8.9 87.5 84.8 80.0 31.82 30.9 1.018 6.9 2.588 12 
11 90.74 8234 10.7 __ 10.3 9.8 110 105 97.5 40.12 38.8 1.284 5.5 2.305 13 
12 80.81 6530 12.0 -- 11.5 10.9 136 131 121 50.59 48.9 1.619 4.4 2.053 14 
13 «71.96 5178 13.5 -- 12.8 • 12.0 170 162 150 • 63.80 61.5, 2.042 3.5 1.828 15 

14 64.08 4107 15.0 14.2 13.8 211 198 183 80.44 77.3 2.575 2.7 1.628 16 
15 57.07 3257 16.8 -- 15.8 14.7 262 250 223 101.4 97.3 3.247 2.2 1.450 17 
16 50.82 2583 18.9 18.9 17.9 16.4 321 306 271 127.9 119 4.094 1.7 1.291 18 
17 45.26 2048 21.2 21.2 19.9 18.1 397 372 329 161.3 150 5.163 1.3 1.150 18 
18 40.30 1624 23.8 23.6 22.0 19.8 493 454 399 203.4 188 6.510 1.1 1.024 19 
19 35.89 1288 26.4 28.4 24.4 21.8 592 553 479 256.5 237 8.210 .86 .9116 20 
20 31.96 1022 29.4 29.4 27.0 23.8 775 725 625 323.4 298 10.35 .68 .8118 21 
21 28.48 810.1 33.1 32.7 29.8 26.0 940 895 754 407.8 370 13.05 .54 .7230 22 
22 25.35 642.4 37.0 36.5 34.1 30.0 1150 1070 910 514.2 461 16.46 .43 .6438 23 
23 22.57 509.5 41.3 40.6 37.6 31.6 1400 1300 1080 648.4 584 20.76 .34 .5733 24 
24 20.10 404.0 46.3. 35.3 41.5 35.6 1700 1570 1260 817.7 745 26.17 .27 .5106 25 
25 17.90 320.4 51.7 50.4 45.6 38.6 2060 1910 1510 1031 903 33.00 .21 .4547 26 

26 15.94 254.1 58.0 55.8 50.2 41.8 2500 2300 1750 1300 1118 41.62 .17 .4049 27 

27 14.20 201.5 64.9 61.5 55.0 45.0 3030 2780 2020 1639 1422 52.48 .13 .3606 29 
28 12.64 159.8 72.7 68.6 60.2 48.5 3670 3350 2310 2067 1759 66.17 .11 .3211 30 
29 11.26 126.7 81.6 74.8 65.4 51.8 4300 3900 2700 2607 2207 83.44 .084 .2859 31 

30 10.03 100.5 90.5 83.3 71.5 55.5 5040 4660 3020 3287 2534 105.2 .067 .2546 33 

31 8.928 79.70 101 92.0 77.5 59.2 5920 5280 -- 4145 2768 132.7 .053 .2268 34 
32 7.950 63.21 113 101 83.6 82.6 7060 6250 -- 5227 3137 167.3 .042 .2019 36 

33 7.080 50.13 127 110 90.3 86.3 8120 7360 -- 651 4697 211.0 .033 .1798 37 

34 6.305 39.75 143 120 97.0 70.0 9600 8310 __ 8310 6168 266.0 .026 .1601 38 

35 5.615 31.52 158 132 104 73.5 10900 8700 -- 10480 6737 335.0 .021 .1426 38-39 

36 5.000 25.00 175 143 111 77.0 12200 10700 __ 13210 7877 423.0 .017 .1270 39-40 

37 4.453 19.83 198 154 118 80.3 -- -- __ 16660 9309 533.4 .013 .1131 41 

38 3.965 15.72 224 166 126 83.6 -- -- -- 21010 10666 672.6 .010 .1007 42 

39 3.531 12.47 248 181 133 86.6 -- -- -- 26500 11907 848.1 .008 .0897 43 

40 3.145 9.88 282 194 140 89.7 -- -- -- 33410 14222 1069 .006 .0799 44 

1 A mil is 1/1000 (one thousandth) of an nob. 
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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Current Capacity of Power Wiring 

The National Board of Fire Underwriters 
has established the following as maximum cur-
rent densities for commonly-used sizes of cop-
per wire in electrical power circuits: 

Gauge No. 
B. cfc S. 

Circular 
Mil Area 

Amperes 

Rubber 
Insulation 

Other 
Insulation 

2 
4 
6 
8 
10 
12 
14 
18 
18 

83690 
66370 
41740 
26250 
16510 
10380 
6530 
4107 
2583 
1624 

100 
90 
70 
50 
35 
25 
20 
15 
6 
3 

150 
125 
90 
70 
50 
30 
25 
20 
10 

Relative Electrical Conductivity of Metals 
at Ordinary Temperatures 

(Based oil Copper as 100) 

Aluminum (2S; pure) 
Aluminum (alloys): 

Soft-annealed  
Heat-treated  

Brass  
Cadmium  
Chromium  
Climax  
Cobalt  
Constantin  
Copper (hard drawn)  
Copper (annealed)  
Everdur  
German Silver (18%) 
Gold  
Iron (pure)  

59 Iron (cast)  2-12 
Iron (wrought)  11.4 

45-50 Lead  7 
30-45 Manganin  3.7 
28 Mercury  1.66 
19 Molybdenum  33.2 
55 Monel  4 
1.83 Nichrome  1.45 

18.3 Nickel  12-16 
3.24 Phosphor Bronze  36 

89.5 Platinum  15 
100 Silver  106 
6 Steel  3-15 
5.3 Tin  13 

85 Tungsten  28.9 
17.7 Zinc  28.2 

Approximate relations: 
An increase of 1 in A. W. G. or B. & S. wire size increases 

resistance 25%. 
An increase of 2 increases resistance 60%. 
An increase of 3 increases resistance 100%. 
An increase of 10 increases resistance 10 times. 

(1. RMA Radio Color Codes 

Standard color codes have been adopted by 
the Radio Manufacturers Association for the 
identification of the values and connections 
of standard components. 

Resistors and condensers: 
For identification of resistance and capaci-

tance values of small carbon-type resistors and 
midget mica condensers, numbers are repre-
sented by the following colors: 

O — Black 
1 — Brown 
2 — Red 
3 — Orange 
4 — Yellow 

5 — Green 
6 — Blue 
7 — Violet 
8 — Gray 
9 — White 

Three colors are used on each resistor to 
identify its value. The body color represents 
the first figure of the resistance value; one 

end or tip is colored to represent the second 
figure; a colored band or dot near the center 
of the resistor gives the number of zeros fol-
lowing the first two figures. A 25,000-ohm 
resistor, for example, would be marked as 
follows: body, red (2); tip, green (5); band, 
orange (3 zeros). 

Small mica condensers usually are marked 
with three colored dots, with an arrow or other 
symbol indicating the sequence of colors. 
Readings are in micromicrofarads (pisfd.), with 
the color code as above. For example, a 
0.00025-pfd. (250-ispfd.) condenser would be 
marked as follows: red (2), green (5), brown 
(1 zero). 

Lf. transformers: 

Blue — plate lead. 
Red — "B" -F lead. 
Green — grid (or diode) lead. 
Black — grid (or diode) return. 
NOTE: If the secondary of the i.f.t. is center-

tapped, the second diode plate lead is green-
and-black striped, and black is used for the 
center-tap lead. 

A.f. transformers: 

Blue — plate (finish) lead of primary. 
Red — "B" + lead (this applies whether the 
primary is plain or center-tapped). 

Brown — plate (start) lead on center-tapped 
primaries. (Blue may be used for this lead if 
polarity is not important.) 

Green — grid (finish) lead to secondary. 
Black — grid return (this applies whether the 

secondary is plain or center-tapped). 
Yellow — grid (start) lead on center-tapped 

secondaries. (Green may be used for 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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Standard Metal Gauges 

Gauge American 
No. or B. & S. 1 

U. S. Birmingham 
Standard 2 or Stubs 3 

2 
3 

4 
5 
6 
7 

8 
9 
10 
11 

12 
13 

14 
15 
16 
17 

18 
19 

20 
21 
22 

23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

38 
39 
40 

.2893 

.2576 

.2294 

.2043 

.1819 

.1620 

.1443 

.1285 

.1144 

.1019 

.09074 

.08081 

.07196 

.06408 

.05707 

.05082 

.04526 

.04030 

.03589 

.03196 

.02846 

.02535 

.02257 

.02010 

.01790 

.01594 

.011120 

.01264 

.01126 

.01003 

.008928 

.007950 

.007080 

.006350 

.005615 

.005000 

.004453 

.003965 

.003531 

.003145 

.28125 

.265625 

.25 

.234375 

.21875 

.203125 

.1875 

.171875 

.15625 

.140625 

.125 

.109375 

.09375 

.078125 

.0703125 

.0625 

.05625 

.05 

.04375 

.0375 

.034375 

.03125 

.028125 

.025 

.021875 

.01875 

.0171875 

.015625 

.0140625 

.0125 

.0109375 

.01015625 

.009375 

.00859375 

.0078125 

.00703125 

.006640626 

.00625 

.300 

.284 

.259 

.238 

.220 

.203 

.180 

.165 

.148 

.134 

.120 

.109 

.095 

.083 

.072 

.065 

.058 

.049 

.042 

.035 

.032 

.028 

.025 

.022 

.020 

.018 

.016 

.014 

.013 

.012 

.010 

.009 

.008 

.007 

.005 

.004 

1 Used for aluminum, copper, brass and non-ferrous alloy 
sheets, wire and rods. 

2 Used for iron, steel, nickel and ferrous alloy sheets, wire 
and rods. 

3 Used for seamless tubes; also by some manufacturers for 
copper and brass. 

111 

d 

dk 

h 

Metric Prefixes 

1  

1,000,000 

1 

1,000 

1 
100 

1 
10 

One-millionth micro-

One-thousandth 

One-hundredth centi-

One-tenth deci-

1 One uni-

10 Ten deka-

100 One hundred hekto-

1,000 One thousand kilo-
10,000 Ten thousand myria-

1,000,000 One million mega-

Ampere 
Ampere 
Cycle 
Cycle 
Farad 

Multiples and Sub-Multiples 

Farad 
Farad 
Henry 
Henry 
Kilocycle 
Kilovolt 
Kilowatt 
Megacycle 
Megohm 
Mho 
Mho 
Microampere 
Microfarad 
Mierohenry 
Micromho 
Micro,ohm 
Microvolt 
Microwatt 
Micromierofarad 
Micromiero-olitn 
Milliampere 
Millihenry 
Millimho 
Milliohm 
Millivolt 
Milliwatt 
Volt 
Volt 
Watt 
Watt 
Watt 

= 1,000,000 microamperes 
= 1,000 milliamperes 
= 0.000,001 megacycle 
= 0.001 kilocycle 
= 1,000,000,000,000 micro-

microfarads 
= 1,000,000 microfarads 
= 1,000 millifarads 
= 1,000,000 mierohenrys 
= 1,000 millihenrys 
= 1,000 cycles 
= 1,000 volts 
= 1,000 watts 
= 1,000,000 cycles 
= 1,000,000 ohms 
= 1,000,000 micromhos 
= 1,000 millimhos 
= 0.000,001 ampere 
= 0.000,001 farad 
= 0.000,001 henry 
= 0.000,001 mho 
= 0.000,001 ohm 
= 0.000,001 volt 
= 0.000 001 watt 
= 0.000,000,000,001 farad 
= 0.000,000,000,001 ohm 
= 0.001 ampere 
= 0.001 henry 
= 0.001 mho 
= 0.001 ohm 
= 0.001 volt 
= 0.001 watt 
= 1,000,000 microvolts 
= 1,000 millivolts 
= 1,000,000 microwatts 
= 1,000 milliwatts 
= 0.001 kilowatt 

Decimal Equivalents of Fractions 

1/32  .03125 
1/16  .0625 

3/32  .09375 
1/8  .125 

5/32  .15625 
3/16  .1875 

7/32  .21875 
1/4  .25 

9/32  .28125 
5/16  .3125 

11/32  .34375 
3/8  .375 

milli.- 13/32  .40625 
7/16  .4375 

15/32  .46875 
1/2  .5 

21/32   
11/16  

23/32.  

25/32   
13/16   

7/8.  

15/16   

.53125 

.5625 

.59375 

.625 

.65625 

.6875 

.71875 

.75 

.78125 

.8125 

.84375 

.875 

.90625 

.9375 

.96875 
1.0 

Units of Length 
English Metric 

1 mil .= 0.001 inch 1 millimeter = 39.37 mile 
= 0.0254 millimeter 

1 inch = 2.54 centimeters 

1 foot 
1 yard 
1 mile 

1 centimeter = 0.3937 inch 
= 0.0328 foot 

= 30.48 centimeters 1 meter = 3.28 feet 
= 0.9144 meter = 1.094 yards 
= 1.6093 kilometers 1 kilometer = 0.6214 mile 
1 micron = 10-4 meter 

= 0.0001 centimeter 
= 10,000 Angstrom units (As) 

1 Angstrom = 10-10 meter 
= 10-s centimeter 
= 0.0001 micron 
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ABBREVIATIONS 

Alternating current 
Ampere (amperes) 
Amplitude modulation 
Antenna 
Audio frequency 
Centimeter 
Continuous waves 
Cycles per second 
Decibel 
Direct current 
Electromotive force 
Frequency 
Frequency modulation 
Ground 
Henry 
High frequency 
Intermediate frequency 
Interrupted continuous waves 
Kilocycles (per second) 
Kilovolt 
Kilowatt 
Magnetomotive force 

FOR ELECTRICAL AND RADIO TERMS 

a.c. 
a. 
a.m. 
ant. 
a.f. 
cm. 
c.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) 
Megohm 
Meter 
Microfarad 
Microhenry 
Micromicrofarad 
Microvolt 
Microvolt per meter 
Microwatt 
Milliampere 
Millivolt 
Milliwatt 
Modulated continuous 
Ohm 
Power 
Power factor 
Radio frequency 
Ultrahigh frequency 
Very-high frequency 
Volt (volts) 
Watt (watts) 

Mc. 
Mc2 

m. 
pfd. 
ph. 
ppfd. 
pv. 
µV/111. 
aw. 

nnr. 
mw. 

waves m.c.w. 

P. 
P-f• 
r.f. 
u.h.f. 
v.h.f. 
v. 
w. 

Symbols for Electrical Quantities 

Admittance 
Angular velocity (2irf) 
Capacitance 
Conductance 
Conductivity 
Current 
Difference of potential 
Dielectric constant 
Dielectric flux 
Energy 
Frequency 
Impedance 
Inductance 
Magnetic intensity 
Magnetic flux 
Magnetic flux density 
Magnetomotive force 
Mutual inductance 
Number of conductors or turns 
Period 
Permeability 
Phase displacement 
Power 
Quantity of electricity 
Reactance 
Reactance, Capacitive 
Reactance, Inductive 
Reluctivity 
Resistance 
Resistivity 
Susceptance 
Speed of rotation 
Voltage 
Work 

y 

G, g 

I, i 
E, e 

z, z 

H 
e 

N 

o 
P, 
Q, 
X, 

XL 

R, r 

E, e 

Greek Alphabet 

Since Greek letters are used to stand for 
many electrical and radio quantities, the 
names and symbols of the Greek alphabet with 
the equivalent English characters are given. 

Greek Letter Greek Name English 
Equivalent 

A a Alpha a 
B 0 Beta b 
I' 7 Gamma g 
à ê Delta d 
E E Epsilon e 
Z e Zeta z 
ii 77 Eta _ é 
0 O Theta th 
I t Iota i 
K K Kappa k 
A X Lambda 1 
M g Mu m 
N P Nu n 
E e Xi x 
0 o Omicron 6 
II 71- Pi P 
Pp Rho r 
Z cf Sigma s 
T r Tau t 
T y Upsilon u 
e o Phi , ph 
X x Chi ch 

Psi ps 
o w Omega o 
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Letter Symbols for Vacuum Tube Notation 

Grid potential 
Grid current 
Grid conductance 
Grid resistance 
Grid bias voltage 
Plate potential 
Plate current 
Plate conductance 
Plate resistance 
Plate supply voltage 
Cathode current 
Emission current 
Mutual conductance 
Amplification factor 
Filament terminal voltage 
Filament current 
Grid-plate capacity 
Grid-cathode capacity 
Plate-cathode capacity 
Grid capacity (input) 
Plate capacity (output) 

Eu, e, 
I„, 

flo 
T., 

E,, 
p, ip 

gr 
r, 

Is 

COP 
cok 
Cpk 
Cg 

NOTE. - Small letters refer to instantane-
ous values. 

V
O
L
T
A
G
E
,
C
U
R
R
E
N
r
 O
R
 P
O
W
E
R
 R
A
T
/
O
S
 

10 
9 
8 
6 

5 

4 

3 

2 

10 
9 
8 
7 
6 

5 
4 

3 

2 

Numerical Values 

r = 3.1416 

1/7r = 0.3183 

= 9.8696 

1/7r2 = 0.1013 

7r3 = 31.0063 

1/T3 -- 0.0323 

= 1.7725 

= 0.5642 

Vr/2 = 1.2533 

27r = 6.2832 

- 2.3026 
logic e 

ir 

1/27r = 0.1592 

(1/27r)2 = 0.0253 

logic ir=> 

logio (7r/2) = 

logio r2 = 

logio-V; 
e = 

1/e = 
e2 

V; = 

logic E = 
= 

= 

1/VU = 

(2T)2 = 39.4784 

0.4971 

0.1961 

0.9943 

0.2486 

2.7183 

0.3679 

7.3890 

1.6487 

0.4343 

1.4142 

1.7321 

0.7071 

0.5773 

Area of circle = (T/4) X D2 = 0.7854 D2 
Volume of sphere = (T/6) X D3 = 0.5236 Ds 
1 radian = 57° 17' 44" .8 

= 57° 17' .7468 
= 57° .29578 

1° = 0.001745 radian 

DECIBEL CHART 
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DEC/BELS (0 8 ) 

____ POWER VOLTAGE OR CURRENT 

The chart above is direct-reading in terms of decibels for all power, voltage or current ratios. The top scale goes 
from 0 to 100 db. and is useful for very large ratios; the lower scale permits closer reading between 0 and 20 db., or 
one cycle of the extended scale. Solid lines show voltage or current ratios; dotted lines, power ratios. To find db. gain, 
divide output power by corresponding input power and read db. value for this ratio, using the appropriate curve (i.e., 
" X 1" for ratios from 1 to 10, " X 10" for ratios from 10 to 100, " X 100" for ratios from 100 to 1000, and so 
on). To find db. loss, as where output is less than input, divide input value by output value. Current and voltage 
ratios in db. can he found similarly, provided the input and output impedances are the same. Power, voltage and 
current values must be in the same units (watts, millivolts, microamperes, etc.). 

70 80 90 100 
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INDUCTIVE AND CAPACITIVE REACTANCE VS. FREQUENCY CHART 
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By use of the chart above, the approximate reactance of any capacity from 1.0 µdd. to 10 dd. at any frequency 
from 100 cycles to 100 megacycles, or the reactance of any inductance from 0.1 µ11. to 1.0 henry, can be read di-
rectly. Intermediate values can be estimated by interpolation. In making interpolations, remember that the rate of 
change between lines is logarithmic. Use the frequency or reactance scales as a guide in estimating intermediate 
values on the capacity or inductance scales. 

This chart also can be used to find the approximate resonance frequencies of LC combinations, or the frequency to 
which a given coil and condenser will tune. First locate the respective slanting lines for the capacity and inductance. 
The point where they intersect, i.e., where the reactances are equal, is the resonant frequency (projected downmard 
and read on the frequency scale). 
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MEGACYCLES 

TABLE OF REACTANCES AT COMMONLY USED AUDIO AND RADIO FREQUENCIES 

Xc in Ohms at: 2 4 8 12 16 sad. Xi. in Ohms at: 2 4 6 8 10 henries 

60 cycles 1310 655 332 221 166 60 cycles 752 1500 2260 3000 3760 
100 " 796 - 398 199 131 99.5 100 " 1260 2520 3770 5020 6280 
400 " 199 99.5 49.7 33.2 24.9 400 " 5030 10500 15100 21000 25100 
1000 " 79.6 39.8 19.9 13.1 9.95 1000 " 12600 25200 37700 50200 62800 
5000 " 15.9 7.98 3.98 2.6.5 1.99 5000 " 62800 120000 188000 252000 314000 

Xe in Ohms at: 10 30 50 70 90 µdd. XL in Ohms at: 20 40 80 80 100 µ11. 

100 kc. 159000 53100 31800 22700 17700 100 kc. 12.6 25.2 37.7 50.2 62.8 
455 " 35000 11700 7000 5000 3890 455 " 57.2 114 171 228 286 
1600 " 9960 3:120 1990 1420 1110 1600 " 200 400 600 800 1000 
1750 " 9100 3030 1820 1300 1010 1750 " 220 440 660 880 1100 
2000 " 7960 2650 1590 1140 885 2000 " 252 504 756 1008 1260 
5000 " 3180 1090 63.5 454 353 5000 " 828 1260 1880 2520 3140 

To find reactance for other values of L or C, move the decimal point in the reactance figure to correspond with the differ-
ence in the L or C figure -  to the left for increasing capacity and to the right for increasing inductance, and vice versa. 
To find reactance for higher-frequency multiples, multiply the reactance figure by the multiple of the frequency, according 

to the sign of the reactance (i.e., multiply for inductive reactance; divide for capacitive reactance). 
Example 1: The reactance of a 10O0-fl. condenser at 1750 kc. is the value for 10 add. with the decimal point moved two 

places to the left, or 91 ohms. At 7 Mc. the reactance of this condenser is its value at 1750 kc. divided by 4, or 228 ohms. 
Example 2: The reactance of a 60-henry choke at 60 cycles is the value for 6 henries with the decimal moved one place 

to the right, or 22,600 ohms. At 120 cycles the reactance of this choke is its value at 60 cycles multiplied by 2, or 45,200 ohms. 
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Filament Diode- Twin 
Volts Diodes Triodes Triodes Triodes 

VACUUM-TUBE RATINGS 

The data in the classified tube tables on 
pages 443-472 are of two kinds — maximum 
ratings, and typical operating conditions. 
As explained in § 3-1, vacuum tubes are de-

signed to be operated within definite maximum 
(and minimum) ratings. These ratings are the 
maximum safe operating voltages and currents 
for the electrodes, based on inherent limiting 
factors such as permissible cathode tempera-
ture, emission, and power dissipation in elec-
trodes. In addition to the maximum ratings for 
each type performance data is given in the form 
of typical operating conditions showing appli-
cations and circuit-design considerations. 

In the transmitting-tube tables, maximum 
ratings for electrode voltage, current and dis-
sipation are given separately from the' typical 
operating conditions for the recommended 
classes of operation. In the receiving-tube 
tables, because of space limitations, ratings and 
operating data are combined. Where only one 
set of operating conditions appears, the posi-
tive electrode voltages shown (plate, screen, 
etc.) are, in general, also the maximum rated 
voltages for those electrodes. 
The maximum ratings are intended to apply 

under conditions of normal operation. In prac-
tice, power-supply or primary-source voltage 
fluctuations result in appreciable variation 
around the normal or designed operating con-

ditions. The maximum limits of these varia-
tions must be taken into account in the design 
of equipment. Recommended practice is to 
assume a "design-center voltage," which is the 
normal voltage supplied by the primary power 
source. The over-all design is made such that 
the maximum upward variation (design-maxi-
mum voltage) will not cause the maximum 
ratings of components to be exceeded, while 
operation at the design-minimum voltage will 
not result in impaired performance. The usual 
ranges of variation for the three common power 
sources are given in the following table. 

Power-Supply Design Voltages 
Design- Design- Design-
Center Minimum Maximum 

Source Voltage Voltage Voltage 

" 115-volt " a.c. power line 1 117 1 105 130 
"6-volt" storage battery  6 5.25 6.3 2 

6.3 3 .... 7-8 3 
" 1.5-volt " dry cell 4  1.4 1.1 5 1.8 

1 Also applies to a.c.-d.c. equipment which may be op-
erated from "110-volt" d.c. lines. 
2M aximum terminal potential without load for fully 

charged battery with specific gravity of 1.300. 
a For storage battery connected to charger, as in automo-

tive service. Maximum voltage will vary with system; equip-
ment should be rated to withstand 7 volts continuously, 8 
volts intermittently. 

Values given are for filament operation. For "B" bat-
teries, use standard rating as design-center voltage (45, 90, 
etc.); minimum and maximum voltages will be as shown 
multiplied by the number of cells. 

5 In some types of equipment, design-minimum voltages 
can be carried as low as 0.9 volts per cell. 

ARMY—NAVY PREFERRED LIST OF VACUUM TUBES 

Receiving 

Pentodes 
Remote Sharp 

Indi-
Rectifiers Converters Power caters 

1.4 1A3 1LH4 1G4GT 3A5 
1291 

5.0 

6.3 6H65 6SQ7* 2C22 
9006 6SR7* 2026 

6C4 
6J5* 
1201 
9002 

12.6 1246" 12SQ7* 12J5GT 
12SR7• 

Transmitting 

Twin 
Triodes Tetrodes Tetrodes Pentodes 

304TH 
801-A 
811 
826 
833-A 
838 
1626 
8005 
8025 

807 
813 
814 
1625 

815 
829 
832 

2E22 
803 
837 

1T4 1L4 
1LN5 
185 

6J6 6AG5 6AC7* 
6SL6GT 6AK5 6AG7* 
6SN7GT 6SG7* 6SH7" 

6SK7* 6SJ7* 
9003 9001 

12SL7GT 12SG7* 12S117" 
12SN7GT 12SK7* 12837" 

Rectifiers 
Vacuum Gas 

51J4G 
5Y3GT 

6X5GT 
1005 

1LC6 3A4 991 
1R5 3Q4 

3Q5GT 
1299 

68A7 6B4G 6E5 
6G6G 
6L6G 
6N7GT 
6V6GT 
6Y6G 

12SA75 12A6* 1t,29 

Miscellaneous 

Grid-Control Voltage Photo- Cathode-
Rectifiers Regulators tubes Ray 

2X2 
3B24 
5R4GY 
73R 
371-A 
705-A 
836 
1616 
8020 

4B25 394-A 
83 884 
866-A 2050 
872-A C1B 

C5B 

VR90-30 
VR105-30 
3/R150-30 

918 2AP1 
927 3BP1 

5CP1 
9EP1 

• Where direct interchangeability is assured, CT and L counterparts of the preferred metal types may be used. 



RECEIVING TUBE 

CLASSIFICATION CHART 

Cathode Volts 1.4 2.0 2.5 to 
5.0 6.3 12.6 to 

117 
DIODE DETECTORS 

Detectors 

RectiAers 

li RECTIFIERS 
1An {:winienle 

(6H6, 6H6-GT/G), 7A6 121-16 
1f-wave 1-v 

• 

12Z3, 35Z3, 
35Z4-GT 

35Z5-GT/à, 
45Z3 

45Z5-ÓT 
boll-wane, with beam powei amplifier 32L7-GT, 

70L7-GT, 
117L .M7-GT, 
117N7.GT, 
117P7-GT 

boll-wove, 

lelt-way 

with power pentode IRA?, 
25A7-GT/G 

vacuum (574, 
5U4-G, 
5X4-O, 
5Z3), 
(SW4 

5W4-Or/G, 
5Y3-GT/G, 

SZ4, 
5Y4-G, 80), 
(5V4-G, 
83-v) 

(6X5, 6X5-GT/G, 84), 
6Y5, 6Z5,6ZY5-G, 7Y4 

rneieury 82, 83 
,gas Cold-Cathode Types: OZ4, 0Z4-G. 

Rectiher-Doublers (25Z6, 
25Z6-GT/G, 

25Z5, 
251'5), 

50Y6-GT/G, 
50Z7-G, 

117Z6-GT/G 

DIODE DETECTORS 
on. I 

D.,. 

Two J 
Diodes 

with AMPLIFIERS 
with high-mu triode (1H5-G , 

1HS-GT), 
1LH4 

with high-os triode, i-f pentode 3A8-GP 
with medium-rnu tiiode, power pentode 1D8-GT 
with pentode 155 
with power pentode 1N6-G 

with medium mu-triode (l135, 
1H6-0) 

55 (6SR7, 6R7,6R7-G, 6R7-GT, 
6517, 6V7-G, 85), 6C7, 7E6 

12SR7 

with high-mu tiiode 2A6 (6507,6507-G1/G, 607, 
607-G, 607-GT, 686-G, 
617-G, 75), 786, 7(6 

09507, 
12507-GT/G, 
1207-GT) 

with pentode (1174, 
116) 

287 (668,688-G, 667,05137-5), 
6517, 7E7 

12(8,12SF7 

CONVERTERS 111 MIXERS 
Pentagrid Conveners (1 A7-G, 

1A7-GT), IRS, 
167-GT, ILA 

(1C7-G, 
1(6), 

OD7-G, 
1A6) 

2A7 (6SA7, 6SA7-GT/G„ 6A8, 
6A8-G, 6A13-GT, 6901)-G, 
6A7, 6A75), 758, 707 

. 

(125A7, 
125A7-67 G, 
12A8-GT) 

Triode-Heacide Conveners (6K8, 61(8-G, 6K8-01), 121(8 
Triode-Heptode Converters 6J8-G, 7)7 
Octode Conveaeis 7A8 
Pentagrid Mines (6L7, 6L7-G) 

Courtesy of R.C.A. 

VOLTAGE 
OSCILLATORS 

Triodeg 

Totted.. 

. I 
p..., 

AMPLIFIERS, 

medium-mu 

l'ig!""u 

i 

DETECTORS, 

single unit IGI-OT/G (1H4-G' 
30) 

27, 
56, 
485 

• 
(6(5, 6C5-GT/G), (6J5, 

6.15-GT/G.7A4),(6P5-GT/G, 
76) 61-5-G, 6AES-GT/G, 37 

12J5-GT 

twin unit 3A5 1 6034,6F8•G 
6,16, 6N7-G1 

12AH7-GT 
12SNTGT 

twin piste 6AE6-G 
twin input . 6AE7-GT 
with power pentode 6A137-G 
with diode, pow« pentode . 108-GT 
single unit 6515, 6SFS-GT, 615, 

615-G, 615-GT), 6K5-G, 
784 • 

(12515, 
12SF5-GT, 
1215-GT) 

twin unit (65C7, 717), 6SL7-GT 125C7 , 
125L7-GT 

with diode, et pentode 3A8-GP 
{remote cut-off 1135•GT 35 

sharp cut-off 32 24-A 36 
remote cut-off 1T4, 1P5-GT (IDS-GP, 

1A4-P), 
34 

58 6557, (65K7, 6SKTGT;G,6K7, 
61(7-G, 6l7-GI, 78), (657, 
657-G), (6U7-G, 606, 6E7), 

6W7-G, 39/44, 7A7, 
6A87, 6AC7, 7H7, 787 

(125K7,_ 
12SKTGT, 
12K7-GT), 
14A7/ 
1287 

remote out-off, with triode RFT, 6P7•G 1288-GT, 
2588-GT 

semi-remote cut-off . 6SG7 12SG7 
sharp cut-off 

. 

0 NS-G, 
1NS-GT), 

1L4, 
1LNS 

(1E5-GP, 
1134-P), 

15 

57 6AG5, 6SH7, (7, 
6SJ7-G1,6)7,617-G,6 7-GT, 

6D7), 77, 6C6, 7 7_, , 
7G7/1232 

12SH7, 
(12SJ7 

12SJ7-4T, 
12J7-GT) 

sharp cut-off, with diode, high-mu triode 3A8-GP 

POWER AMPLIFIERS 

Triodes { 

Beam 
Tubes 

p.„,„,d., 

{single 

low-rnu 

twin 
t...., ...,..f ingle 
. ' .1..twin 

unit 31 2A3, 
45 

183/483 

6A3, 684-G 

unit 6E6 
unit 49 46 6AC5-GT/G, 6C4 25A(5-GT/G 

unit 1G6-GT/G (1.16-G, 
19) 

53 (6N7, 6N7-GT/G,6A6), 
(6Y7-G, 79), 6Z7-G . 

without rectifier 

I 

(105-GT/G, 
,305-GT/G"), 

115-GT 

(6L6, 6L6-G), (6V6, 
6V6-61/G), 6Y6-G, 

SAS, 7C5 

(25L6, 
25L6-GT/G), 

25C6-G, 
35A5, 

351.6-GT/G, 
50L6-GT 

with readier 32L7-GT, 
70L7-GT 

1171,M7-pT 
117N7-G 
11717-G7. 

single unit IA S-GT/G, 
0 S4, 3541, 
1(5-61/G, 
1LA4, 1LE14, 
(3A4', 304') 

(I FS-G, 
114), 

(165-G, 
1J5-G), 

33 

BAS, 
47, 
59 

(616, 616-G, 42), 
(6K6-621G, 41), 6G6-G, 

38, 6A4, 89, 785 

12A5, 
(25A6 

25A6-Gi/G, 
43), 

2586-G 
twin unit 1E7-G* 
with diode à triode 108-61 
with medium-mu triode 6AD7-G 
with rectifier 12A7, 

25A7-GT/G 
video 6AG7 

Direct-Coupled Amplifiers 695, 6N6-G (2585, 
25N6-() 

ELECTRON 

Single with 
{with 

-RAY TUBES 
reeneee cut-off triode 6A/35/6N5, 6U5/6G5 
show cut-off triode 2E5 6E5 

Twin, without triode 6A06-G, 6A16•G 

GAS-TRIODES • 2A4-G 

* Two 1F5-G's in one bulb. • • • ...16 
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VACUUM-TUBE CLASSIFIED DATA TABLES AND INDEX 

In the tables on pages 443-472 will be found essential characteristics and typical operating data for all U. S.-made 
standard receiving, transmitting and special-purpose vacuum tubes on which data is available, classified by use. 
Base diagrams are shown on pages 437-442. For convenience in locating types whose essential characteristics are not 
known, the index below lists all types in numerical/alphabetical order with the page on which data is to be found. 

TUBE NO. PAGE 

6Y7G  446 
683  458 
6Z4  458 
6Z4 (84/62,4)  459 
6Z5  458 
6Z7G  446 
6ZY5G  458 
7A4  446 
7A5  446 
7A6  446 
7A7  446 
7A8  446 
7AP4  457 
7B4  446 
7B5  446 
7B6  446 
7B7  446 
7B8  446 
704/1203  455 
7C5  446 
7C8  446 
707,  446 
7CP1 /1811-P1  457 
7D7  446 
7E5 (1201)  455 
7E5/1221  448 
7E6  446 
7E7  446 
7F7  446 
7G7/1232  446 
7117  446 
737  446 
7K7  446 
7L7  446 
7N7  447 
7Q7  447 
7117  447 
787  447 
717  447 
7V7  447 
7W7  447 
7Y4  458 
784  458 
9AP4 /1804-P4  457 
90P4  457 
9311/1809-P1  457 
10  454 
10 (11K10)  460 
11/12  454 

443 12 (11/12)  454 
444 12A5  452 
444 12A6  452 
444 12A7 452, 458 
444 12A8GT  452 
445 12A4HGT  452 
445 12AP4 /1803-P4  457 
444 12B6M  452 
444 12B7 (14A7/12B7)   452 
444 12B7ML  452 
444 12B8GT  452 
447 1208  452 
445 12CP4  457 
444 12E5GT  452 
447 12F5GT  452 
445 12G7G  452 
445 12116  452 
444 12J5GT  452 
445 1237GT  452 
458 12K7GT  452 
445 12118  452 
446 12Q7GT  452 
458 128A7  452 
446 12807  452 
458 12SF5  452 
458 128F7  452 
448 128G7  452 

TUBE NO. PAGE TUBE NO. PAGE TUBE NO. PAGE 

00-A  454 2V3G  458 6136  447 
01-A  454 2W3  458 6D7  447 
0A4G  456 2X2  458 6D8G  445 
0133/VR90-30   456 2Y2  458 6E5  447 
OD3/VR150-30  456 2Z2.   458 6E6  447 
OZ4  458 3A4 454, 469 6E7  447 
1  458 3A5 454, 460 6E8G  445 
1A3  450 3A8GT  454 6F5  443 
1A4P  449 3AP1 /906-P1  456 6F6  443 
1A4T  449 3AP4 /906-P4  456 6F7  447 
1/15G  450 3B5GT  454 6F8G  445 
1A6  449 3B7/1291  451 6G5 /6135  447 
1A7G  450 3BP1  456 6G6G  445 
1B4P/951  449 305GT  454 6H4GT  445 
1B5/258  449 31)6/1299  451 6H5  447 
1B7G  450 3EP1 /1806-P1  457 6H6  443 
1138GT  450 3LE4  454 6H8G  445 
1C5G  450 3LF4  454 635  443 
106  449 3Q4  454 636 447, 454, 460 
1C7G  450 3Q5GT  454 637  443 
1C21  456 384  454 6J8G  445 
1D5GP  450 4A6G  454 6K5G  445 
1D5GT  450 5AP1/1805-P1  457 6K6G  445 
1D7G  450 5AP4 /1805-P4  457 6K7  443 
1D8GT  450 5BP1 /1802-P1  457 6K8  443 
1E4G  450 5BP4 /1802-P4  457 6L5G  445 
1E5GP  450 511P1 (5HP4)  457 6L6 443, 470 
1E7G  450 5HP4 (5HP1)  457 6L6GX  470 
1F4  449 5R4GY  458 6L7  443 
1F5G  450 5T4  458 6M6G  445 
1F6  449 5534G  458 6M7G  445 
1F7GV  450 5V4G  458 6M8GT  445 
1G4G  450 5W4  458 6N5  447 
1G5G  450 5X3  458 6N6G  445 
1G6G  450 5X4G  458 6N7  443 
1H4G  450 5Y3G  458 6P5G  445 
1H5G  450 5Y40  458 6P7G  445 
1H6G  450 583  458 6P8G  445 
135G  450 5Z4  458 6Q8G  445 
1.36G  450 6A3  447 6Q7  443 
1M450 6A4  447 6R6G  445 
1LA4  450 6A5G  444 6117  443 
1LA6  450 6A8  447 6S8GT  445 
1LB4  450 6A7  447 6S7  443 
1LB6OL  450 6A8  443 6SA7  443 
1LC5  450 6AB5  447 6807  443 
1L06  450 6AB6G  444 6SD7GT  445 
1LD5  451 6AB7 (1853)  443 6SE7GT  445 
1LE3  451 6AC5G  444 6SF5  443 
11114  451 6AC6G  444 6SF7  
1LN5  451 6AC7 (1852)  443 6SG7  
1N5G  451 6AD5G  444 6SH7  
1N6G  451 6AD6G  444 61117  
1P5G  451 6AD7G  444 68117  
1Q5C  451 6AE5G  445 6SL7GT  
1R4 /1294  451 6AE6G  445 6SN 7GT  
1115  451 6AE7GT  445 6SQ7  
184  451 6AF5G  445 6S117  
185  451 6AF6G 445, 447 eS7  
1SA6GT  451 6AF7G  445 6ST7  
1SB6GT  451 6AG5  454 6T5  
1T4  451 6AG6G  445 6T6GM  
1T5GT  451 6AG7  443 617  
1-V  458 6AH5G  445 6535 (6G5 /6U5)  
2A3  448 6AH7GT  445 6U8GT  
2A4G  456 6AL6G  445 6U7G  
2A5  448 6B4G  445 8V8  
2A8  448 6B5  447 6V7G  
2A7  448 6B6G  445 6W5G  
2AP1  458 6B7  447 6W6GT  
2B6  448 6118  443 6W7G  
2B7  448 604 454, 460 8X5  
2021 (1642/2021) . ... 446 605  443 6X6G  
2022 444, 460 606  447 6Y3  
2E5  448 6C7  447 6Y5  
2G5  448 8C8G  445 6Y6G  
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TUBE NO. PAGE TUBE NO. PAGE 

I2SH7  452 45  448 
I2SJ7  452 45Z3  459 
12SK7  452 45Z5GT  459 
I2SL7GT  452 46  448 
12S7NGT  452 47  449 
12SQ7  452 48   • 453 
I2SR7  452 49  449 
1273  458 50  454 
I2Z5  458 50A5  453 
I4A4  452 5006G  453 
14A5  452 50L6GT  453 
14A7/12137  452 50T  464 
14AF7  452 50Y6GT  459 
1486  452 50Z6G  459 
14B8  452 50Z7G  459 
14C5  452 53  449 
14C7  452 55  449 
14E6 452 56  449 
14E7  452 57  449 
14F7  453 58  449 
14117  453 59  449 
I4J7  453 70A7GT 453, 459 
I4N7  453 70L7GT 453, 459 
14Q7  453 71-A  454 
14R7  453 75  448 
1487  453 75T  464 
I4W7  453 76  448 
I4Y4  458 77  448 
I4Z3  458 78  448 
15  449 79  448 
19  449 80  459 
20  454 81   459 
20J8GM  453 .82  459 
2IA7  453 83  459 
22  454 83-V  459 
24-A  448 84 (6Z4)  459 
24-XH  457 85  448 
25A6  453 85AS  448 
25A7G 453, 458 89  448 
25AC5G  453 99  455 
25B5  453 100TH  464 
25B6G  453 100TL  464 
25B8oT  453 111H  464 
25C6G  453 112-A.   455 
25D8GT  453 117L7GT/117M7GT 453, 459 
25L6  453 17MI7GT (117L7GT/ 
25N6G  453 117M7GT)  453, 459 
25S (1B5/25S)  449 117N7GT 453, 459 
25X6GT  458 117P7GT 453, 459 
25Y4GT  458 II7Z4GT  459 
25Y5  458 117Z6GT  459 
25Z3  458 150T  466 
25Z4  458 152TL (HK252-L). 466 
257.5  458 182-B/482-B  455 
25Z6  458 183/483  455 
26  454 203-A (303-A)  465 
27  448 203-H  465 
28D7  454 204-A (304-A)  468 
30  449 205-D  460 
31  449 211 (311, 835)  465 
32  449 2I2-E (24I-B, 312-E) .. 468 
32L7GT 453, 458 217-A  459 
33  449 2I7-C  459 
34  449 241-B (2I2-E, 312-E) .. 468 
35  448 242-A.   464 
35A5  453 242-B (342-B)  465 
35L60  453 242-C  465 
35T  463 250TH  467 
35TG  463 250TL  467 
35Y4  458 254-A   469 
35Z3LT   458 254-B.  470 
35Z4GT  458 257  455 
35Z5G  458 261-A (36I-A)  465 
35ZOG  458 270-A.   468 
36  448 276-A (376-A)  465 
37  448 282-A  471 
38  448 284-B   465 
39/44  448 284-D  464 
40  454 295-A  465 
40Z5GT  459 300T  468 
41  448 303-A (202-A)  465 
42  448 304-A (204-A)  468 
43  453 304-A (304-8)  462 
44 (39/44)  448 304-B (304-A)  462 

PAGE TUBE NO TUBE NO. . PAGE 

304TL (HK304-L). 468 904  457 
305-A   471 905  457 
306-A   469 905 (805)  466 
307-A  469 906-PI (3API /906-P1) 456 
308-B   468 906-P4 (3AP4/906-P4) 456 
310  460 907  457 

465 908  311 (211, 835)  457 
471 909  312-A  457 

3I2-E (212-E, 241-B)   468 910  457 
316-A.   461 911  457 
342-B (242-B)  465 912  457 

462 913  356-A  457 
361-A (261-A)  465 914  457 
376-A (276-A) .   465 930-11 (830-B)  463 
482-B (182-8/482-B).. 455 938 (838)  465 
483 (183 455 950 /483)    449 
485  455 951 (1B4P/951)  449 
756  462 954  

461 955  455 800  455 
801 (801-A/801)  460 956  

460 958  455 
801 (HY/301-A)  460 957  455 
801-A/801.   455 
802  469 959  455 
803  472 967  456 
804  471 975-A  

466 991  459 805 (905)  
466 1201 (7E5)  456 805 (R1K57/805)  455 

806  467 1203 (7C4/1203)  455 470 1204  
807 (HY61/807)  455 
807 (1625)  470 1221 (7E5/1221)  

463 1223  448 808  446 
809  461 1231  

463 1284  446 
810 (1627)  467 1232 (7G7/1232)  446 
811  453 
812  463 1291 (387/1291)  

471 1293  451 813  451 
814  471 1294 (1R4/1294)  451 
815  470 1299 (3D6/1299)  

459 1602  451 816  460 
, 

• 463 1608  
462 471 1603  448 825  

826 460 
828  471 1609  455 
829  470 1610  

462 1612  469 444 829-A  470 1611  
830  444 
830-B (030-B)  463 1613  469 

469 1616  
831  470 

469 1619  

468 1614  
832  459 

468 1620  444 
834  444 463 1621  469 
833-A  
832-A  

465 1622  
459 1623  

835 (211,311)  444 
836  

838 (938)  

461 
837 (RK44)  

449 1626  

446695 1166224  470 5 

446630 11662287 (810)   470 
  467 

840  

463 1629  460 

841  
841-A    461 
841SW  453 
843  453 460 1631  

472 1634  

469 1632  453 
468 1888  

850  

844  
849  453 

472 1644  453 
852  466 1888  446 472 1642/2C21  
860  446 
861  453 
864  455 1800  457 

865  400 1801  457 
866 (866-A/866)  400 1802-P1 (5BP1)  457 
866-A/866  459 1802-P4 (5BP4)  457 
866B  459 
866 Jr.  459 1803-P4 (I2AP4)  457 
871  459 1804-P4 (9AP4)  457 

872 (872-A/872) ...... 459 1805-P1 (5AP1)  457 
872-A /872  459 1805-P4 (5AP4)  457 
874  456 1806-P1 (3EPI)  457 
876  488 1809-P1 (9JP1)  457 
878 459 1811-PI (7CP1)  457 
879  459 1840  472 
884  456 1847  472 
885  456 1848  472 
886  456 1849  472 
902  457 1850  472 
903  457 1851  444 
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TUBE NO. PAGE TUBE NO. PAGE 
1852 (6AC7)  443 HF250  466 
1853 (6AB7)  443 HF300  467 
1898  472 HK24  461 
1899  472 HK54  462 
2002  457 HK154  462 
2005  457 HK158  462 
2050  456 HK252-L (152TL). 466 
2051  456 HK253 ' 459 
2203  472 11K254  465 
7000  446 HK257  471 
7700  448 HK304-L (304TL). 468 
8000  467 HK354  466 
8001  471 HK354C  466 
8003  466 HK354D  466 
8005  464 11K354E  467 
8008  459 FIK354F  467 
8010-R  462 HK454-H  468 
8012  461 11K454-L  468 
8013  459 111(654  468 
8016  459 HVI2 (T814)  467 
9001  455 HV18 (11F200)  466 
9002  455 FIV27 (T822)  467 
9003  455 HY6J5GTX  460 
9004  455 HY6L6GTX   470 
9005  455 HY6V6GTX   469 
BA  458 HY24  460 
BEE  458 FIY25  461 
BR  458 HY3OZ  461 
CK501  451 HY31Z (HY1231Z).. 461 
CK502  451 HY40  461 
CK503  451 HY4OZ  462 
CF:504  451 HY51A  463 
CK505  451 HY51B  463 
GL146  466 HY51Z  463 
GL152  466 HY57  462 
GL159  467 HY60  469 
GL169  468 11Y611807  470 
11D203-A  466 11Y63  469 
HF60  463 HY65  469 
HF75  464 HY67  471 
HF100  464 HY69  470 
HF120  465 HY75  460 
HF125  465 111'113  451 
HF130  466 HY1I4-B   460 
HF140  465 HY115  451 
FIF150  466 F1Y125  451 
HF175  466 HY615  460 
HF200 (13V18)  466 HY801-A (801)  460 

TUBE NO. PAGE 
HY866 Jr.   459 
HY1231Z (HY312). 461 
FIY1269  470 
KY21  456 
KY866  456 
M54  455 
5864  455 
5874  455 
RK10 (10)  460 
RK11  461 
RK12  461 
RKI5  449 
RK16  449 
RK17  449 
RK18  461 
RK19  459 
RK20 (111(20-A, 111(46) 470 
RK20-A (RK20,RK46) 470 
RK21  459 
RK22  459 
RK23 (11K25,11K25-B) 469 
RK24 449, 460 
RK25 (111(23, 11K25-B) 469 
RK25-B (ILK23.RK25) 469 
RK28  471 
RK28-A  472 
RK30  461 
RK31  461 
RK32  462 
RK33  460 
RK34  460 
RK35  462 
RK36  484 
RK37  462 
RK38  464 
RK39 (11.K41)  470 
RK41 (RK39)  470 
RK42  451 
RK43  451 
RK44 (837)  469 
RK46 (RK20,RK20-A) 470 
RK47  471 
RK48 (RK48-A) .   471 
RK48-A (R4K8) .   471 
RK49  470 
111(51  463 
RK52  463 
RK56  469 

TUBE NO. PAGE 
RK57/805  466 
RK58  465 
RK59  460 
RK60  459 
RK62  456 
RK63 (RK63-A) . . . 467 
RK63-A (R6K3) . . 467 
RK64  469 
RK65  472 
RK66  470 
RK100 448, 460 
RK866  459 
RM208  456 
RM209  456 
T20  460 
T21  470 
T40  462 
T55  463 
T125  466 
T200  467 
T814 (I1V12)  467 
T822 (11V27)  467 
TW75  464 
TW150  466 
Twin 30  461 
TZ20  461 
TZ40  462 
UH35  463 
UH50  462 
UH51  462 
V70  463 
V70A  463 
V70B  463 
V70C  463 
V7OD  464 
V1175-30  456 
VR90-30 

(0B3/VR90-30)   456 
VR105-30  456 
VR150-30 

(0D3/VR150-30).   456 
XXB  455 
XXD  454 
X XL  447 
XXFM  455 
Z225  459 
ZB120  464 

VACUUM-TUBE BASE DIAGRAMS 

The diagrams on this and the follom ing four pages show standard socket connections corresponding to the base 
designations given in the column headed "Socket Connections" in the classified tube data tables on pages 443-172. 
Footnotes under each table indicate in which of the five groups a given base diagram is to be found. In one group 
pages (438-441) are contained all receiving tubes having base designations corresponding to the standard RMA 
registry system. Diagrams for acorn and cathode-ray tubes are shown separately on page 441. Transmitting tube 
diagrams are given on page 442. Supplementary base diagrams not included under these classifications are shown 
below. All diagrams are in uniform style. Bottom views are shown throughout. Terminal designations are as follows: 

A = Anode 
BP = Bayonet Pin 
D = Deflecting 

Plate 
F = Filament 

Alphabetical subscripts D, P, T and 11X indicate, respectively, diode unit, pentode unit, triode unit or hexode 
unit in multi-unit types. Subscript M, T or CT indicates filament or heater tap. 

G = Grid B = Cathode PBF =, Beam-Form- TA = Target 
H = Heater NC = No Connec- ing Plates • = Gas-Type 
IC = Internal Con- lion RC = Ray-Control s Tube 

nection P = Plate (Anode) Electrode U = Unit 
IS = Internal Shield P: = Starter-Anode S --- Shell SIL = Internal Shield 
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SUPPLEMENTARY BASE DIAGRAMS 
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RECEIVING TUBE DIAGRAMS 

Bottom views are shown. Terminal designations on sockets are given on page 437. 
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RECEIVING TUBE DIAGRAMS 
Bottom views are shown. Terminal designations on sockets are given on page 437. 
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RECEIVING TUBE DIAGRAMS 

Bottom views are shown. Terminal designations on sockets are given on page 437. 
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RECEIVING TUBE DIAGRAMS 
Bottom views are shown. Terminal designations on sockets are given on page 437. 
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SOCKET CONNECTIONS FOR ACORN TUBES 
Bottom views — looking at short end. 
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SIGNAL  COLLECTOR 
PLATE A 

SOCKET CONNECTIONS FOR CATHODE-RAY TUBES 
H denotes heater; C, cathode; G, grid; A, anode; D, deflecting plate; Coll, collector. Inner rings of base diagram 

indicate socket connections; connections on outer ring indicate bulb cap-type terminals. Views are from bottoms 
of tubes. In Diagrams J and N, signal plate cap and collector cap are located on bulb behind mosaic. 
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TABLE I - METAL RECEIVING TUBES 

Characteristics given in this table apply to all tubes having type numbers shown, including metal tubes, glass tubes with "G" suffix, and bantam tubes with "GT" suffix. 
For "G" and "GT" tubes not listed (not having metal counterparts) see Tables II, VII, VIII and IX. 

Type Name 
Socket 
Connec- 
tions , 

Cathode 
FIL or Heater 

Use 
Plate 
Supply 
Volts 

Grld 
Bias 

Screen 
Volts 

Screen Current 
Ma. 

Plate Current 
Ma. 

Plate Resist- .,, Ow. 
"e-e• ""s 

Transpon- 
ductence 
Micromhos 

Amp, 
F., 
-er 

Loge 
Resistance 
Ohms 

Power 
Output 
Watts 

Type 

Volts Amps. 

6A8  Pentagrid Converter 8A Htr. 6.3 0.3 Ose.-Mi xei 250 - 3.0 100 3.2 3.3 Anode-grid (No. 2) 250 volts max. that 20,000-ohms 6A8 

3 6AB7 
185   
6AC7 

Television Amp. Pentode 8N Htr. 6.3 0.45 Class-A Amplifier 300 

300 

- 3.0 

- 2.0 4 

200 2 3.2 12.5 

10 

700000 5000 
3500 - 6AB7 

1853 

Television Amp. Pentode 8N Htr. 

Htr. 

6.3 0.45 Class-A Amplifier 150 2 2.5 750000 9000 
6750 
- 

- 
6AC7 
1852 

1852  
6AG7  Video Beam Power Amp. Irig 6.3 0.65 Class-A i Amplifier f 250 - 2.0 140 8.5 33 100000 7700 1700 - 6AG7 

688 
6138 Duplex-Diode Pentode 8E Htr. 6.3 0.3 Class-A Amplifier 250 - 3.0 125 2.3 9.0 650000  1125  730 - - 

6C5 Triode Detector, AmOillier 60 HO. 6.3 

Ti 

0.3 
Class-A Amplifier 250 - 8.0 - - 8.0 10000 2000 20 - - 

6(5 
Bias Detector 250 -17.0 - - Plate canon adjusted to 0.2 ma. with no signal 

6F5  High-,i Triode  5M Hb. 0.3 Class-A Amplifier 250 - 1.3  
-16.5 
-22.0 

- - 0.2 66000 1500 100 - - 6F5 

6F6 Pentode Power Amplifier 75 Hb. 6.3 0.7 

Class-A Pentode 250 
315 

250 
315 

6.5 
8.0 

34 
42 

80000 
75000 

2500 
2650 

200 
200  
7.0 

7000 
7000 

3.0 
5.0 

6F6 Class-A Triode ' 250 -20.0 - - 31 2600 2700 4000 0.85 

Push-Pull Class-AB Pentode 
Triode Connection f 

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 

6H6  Twin Diode 70 Htr. 6.3 0.3 Rectifier Max. a.c. voltage per plate.-100 r.m.s. Max. output current 4.0 ma. d c. 6H6  

6J5 Detector Amplifier Triode 60 Htr. 6.3 0.3  Class-A Amplifier  250 - 8.0 - - 9 7700 2600 20 - - 6J5 

3.0 100  0.5  2.0 1.5 meg. 1225  1500 - - 6.11 

6.17 Triple-Grid Detector, 7R Htr. 6.3 0.3 
  Bias Detector 

R.F. Amplifier  
  Bias Detector 

250  
250 

- 
- 4.3 100 Cathode current 0.43 ma. - - 0.5 Mee •''''   

6K7 

  Amplifier  

Triple-Grid Variable-a 

Amplifier  

Triple-Grid Variable-a 7R Fib. 6.3 0.3 R.F. Amplifier 250 - 3.0 125 2.6 10.5 600000 1650 990 --- - 610 

Mixer 250 -10.0 100 - - - Oscillator peak volts=7.0 

6K8 

  Amplifier  
Triode Hexode Converter 

Amplifier  
Triode Hexode Converter 8K Htr. 6.3 0.3 Osc.-Mixer 250 - 3.0 100 6 2.5  Triode Plate (No. 2) 100 vo Is,  3.8 ma.  6K8 

6L6 Beam Power Amplifier 7AC He* 6'3 " 

Single-Tube AO Cathode 
Bias 

250 
300 

- 7 
- 2 

250 
200 

5.4-7.2 
3.0-4.6 

75-78 
51-54.5 

- 
- 

- 
- 

- 
- 

2500 
4500 
2500 
4200 

6.5 
6.5  
6.5 

10.8 Single-Tube AO Fixed Blas ng -111 gg gli -5/2-79 Hz 6000 
5200 

- 
- 

Push-Pull Alf Cathode Bias 270 - 2 270 11-17 134-145 - - - 5000 18.5 

Push-Pull Alf Fixed Bias pg :111 1.13 el; reg lugs 5500 
5700 

- 
- 

5000 
5000 

14.5 
17.5 

6L6 

61-7 

Push-Pull AlliCathode Bias 361), -" 270 5-17 88-100 
88-132 Power outpui for 2 tubes. 

Load plate-to-Plate 

9000 24.5 

Push-Pull A812 Fixed Bias 360 -22.5 270 5-15 6600" 26.5 

Pesh'Pell ABS' Fixed  Blas 
360 

 360 
-18.0 
-22.5 

225 
270 

3.5-11 
5-16 

78-142 
88-205 

6000 
3800 

31.0 
47.0 

71 Htr. 6.3 0,3 
R.F. Amplifier  250 - 3.0  100  5.5 5.3 800000 1100 - - - 

61.7 Pentagrid Mixer Amplifier Mixer  250 - 6.0 150 8.3 3.3 Over 1 meg. Oscillator-grid (No. 3 voltage= -15.0 

0  
3.0 

-  -  35-70  - - - 8000 10.0 6N7 
6N7 Twin Triode 8B Htr. 6.3 0.8  Class-B Amplifier  30G  

-  -  1.1  58000  1200 70 - - 607 
607 Duplei-Diode Triode 7V Htr. 6.3 0.3 Triode Amplifier  250 

250  
250  

- 
9.0 -  9.5  8500  1900 16 10000 0.28 6R7 

657 6R7 Duplex-Diode Triode 7V Htr. 6.3  0.3  Triode Amplifier  - 
- 3.0  

-  
100  2.0  8.5 1000000 1750 1750 - - 

657 Triple-Grid Variable-µ 7R Htr. 6.3 0.15 Class-A Amplifier 
250 0" 1(,0 8.0 3.4 800000 Grid No.  1 Resistor. 20000 ohms 6SA7  

6SA7  Pentagrid Converter  8R e Htr. 6.3 0.3 Osc.-Mixer 

Amplifier 8S  Htr.  6.3 0.3 Class-A Amalie*, 250 
250 

- 2.0 - -- 2.0 53000 1325 70 -  -  6SC7  
6SC7  
6SF5 

Twin Triode 
High-a Triode 6AB Htr. 6.3 0.3 Class-A Amplifier - 2.0 - --- 0.9 66000 1500 100 - - 6SF5 

Class-A Amplifier 250 - 1.0 100 3.3 12.4 700000 2050 - - - 6SF7 
6SF7 Diode Variable-µ Pentode 7AZ Htr. 6.3 0.3 



TABLE I- METAL RECEIVING TUBES- Continued 

Type 

6SG7  

Name 
Socket 
Conn«. 
dons 1 

Cathode 
Fil. o Heater 

Use 
Plat? 
S.11P12.2' 
Volts 

Grid 
Bias 

Screen 
Volts 

Scle." 
Current 
Ma. 

Plate 
Current 
Ma.Micromhos 

Plate Resist- 
am., Ohms 

Transcon- 
ductance Amp 

Facto; 
Load 

Resistance 
Ohms 

Power 
Output 
Watts 

TYP• Volts Amps, 

Triple-Grid Semi-Variable-µ 8BK Htr. 6.3 
Ti 

0.3 H. F. Amplifier 250 - 2.5  
- 1.0 

150 3.4 9.2 Over 1 meg. 4000 -  
-  
2500 

-  
--  
-  

-  
-  
-  

6SG7  
6SH7  
65.17  

6SH7 Triple-Grid Amplifier 8BK Htr. 0.3 H. F. Amplifier 250 150 4.1 10.8  900000  4900  
1650 

6SJ7 Triple-Grid Amplifier 11N Htr. 6.3 
Ti 

0.3 Class-A Amplifier 250  
250 

- 3.0 100 0.8 3 1500000 
651(7  
6507  

Triple-Grid Variable-µ  8N Htr. 0.3 Class-A Amplifier - 3.0 100 2.4 9.2 800000 2000 1600 - - 65.1(7 Duplex-Diode Triode 80 Htr. 6.3 0.3 Class-A Amplifier 250 - 2.0 - - 0.8  
9.5 

91000 1100 100  -  -  
-  

6507  
6SR7 

6SR7  Duplex-Diode Triode 80 Her. 6.3 0.3 Class-A Amplifier 250 - 9.0 - - 8500 1900  
1850  

16  
-  

- 6557 Triple-Grid Variable-p 8N  
80  

Htr. 6.3 0.15 Class-A Amplifier 250  
250 

- 3.0  
- 9.0 

100  
---- 

2.0 9.0 1 000000 --  -  6557  6ST7  Duplex-Diode Triode  Hr. Ti 0.15 Class-A Amplifier  
Class-A Amplifier 

--- 9.5 8500 1900 16 - - 6577  6T7 Duplex-Diode Triode 7V Htr. 6.3 0.15 250 - 3.0 - - 1.2 62000 1050  65 -  -  6T7 

6V6 Beam Power Amplifier 7AC Htr. 6.3 0.45 
Class-A Amplifier 250 -12.5 250 4.5/7.0 45-47 52000 4100 218 5000 4.5  

10.0 

14.0   

6V6 Class-AB Amplifier 2 Tubes 250 -15.0 250 5/13  
4/13.5 

70-79 60000 3750 - 10000 
285 -19.0 285 70-92 65000 3600 - 8000 1611  Pentode Power Amplifier 7S Htr. 6.3 0.7 Relay Tube Charade Mies same as 6F6 1611  1612  Pentagrid Amplifier 7T Htr, 6.3 0.3 Class-A Amplifier 250 I - 3.0 100 l 6.5 I 5.3 600000 1100 880 I - - 1612 

1620  
1620 

1621 

-1622 

Triple-Grid Det.-Amp. 7R Htr. 6.3 

6.3 

0.3 

0.7 

lass-A Amplifier Characteristics same as 6)7 
Power Amplifier Pentode 75 Htr. Class-A, Pentode P. P. 300 -30.0 300 6.5/13 38/69 - - - 4000 5.0 

1621 lass-A Triode 5 P. P. 327.5 -27.514 - -  55/59  -  -  -  5000 2.0 
Beam Power Amplifier 7AC Htr. 6.3 0.9 lass-A Amplifier 300 -20.0 250 4/10.5  86/125  -  -  -  4000  10.0 1622 1851 Television Amp. Pentode 7R Htr. 6.3 0.45 Class-A Amplifier 300 - 2.0 , 150 2 2.5 10 750000 9000 6750 - - 1851 

ube IMagrams. 
From fixed screen supply. If series resistor from plate supply is 

used, value for 6AB7/1853 is 30,000 ohms, for 6AC7 1852 
and 1851 60,000 ohms. Series resistor gives variable-g char-
acteristic, fixed screen supply gives sharp cut-off. 

'Screen tied to plate. 

thode bias resistor should be adjusted for plate current of 
10 ma.; minimum value 160 ohms. 

5 Typical operation for 4-Mc. bandwidth video voltage ampli-
Fier; 70 volts output with 4 volts input. 

5Subscript 1 indicates no grid-current flow. 
Subscript 2 indicates grid-current flow over part of input cycle. 

TABLE 11-6.3-VOLT GLASS TUBES WITH OCTAL BASES 

7 Cathode resistor 170 ohms. 8 Cathode res stor 220 ohms. 
Cathode resistor 125 ohms. »Cathode resistor 250 ohms. 

" Output 18 watts with 3800-ohm load. 
" For 6SA7GT, use Base Diagram SAD. 
"Grid bias -2 volts if separate oscillator excitation is used. 
15 Cathode resistor 500 ohms. 

(For ' G" and GT" -Type Tubes Not Listed Here, See Equivalent Type in Table I; Characteristics and Connections Will Be Identi a 

Type Name 
Socket 
Connec- 
tions ' 

Cathode 
Fil. o Heater 

Use 
Plate 
Supply 
Volts 

Grid 
Bias 

Screen 
Volts Current 

Ma. 

Plate. 
Current 
Ma. 

Plate Resist-_ Fs..., 
"ace' ''''""'s 

6600  

Scresenr Tanscon- 
ductance 

Micromhos 

3000  

A ..... 

 Fac tor 

20  
4.2 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

TIM» Volts Amps. 
2C22 

6A5G 

6AB6G 

Triode Amplifier 4AM Htr. 6.3 0.3  

1.0 

0.5 

  Push-Pull Class AB 

Class-A Amplifier 300 -10.5 --- - 11 -  
2500 

-  
3.75 

2022  

6A5G 
Triode Power Amplifier 6T HI,. 6.3 

Class-A Amplifier 250 -45.0 - - 60 800 
5250 Push-Pull Class AB 325 -68.0 - - 80 1 -  

- 
- 3000 15.0 

Push-Pull Class AB 325 850 Ohm Cathode Resistor 80 5 -  

72 

5000  

8000 

10.0   
3.5 Direct-Coupled Amplifier 7W Hr. 6.3 Class-A Amplifier 250 0 Input  . 5. 0 

40000 1800 6AB6G 250 0 Output 34  
6AC5G 

6AC6G 

High-g Power Amplifier 
Triode 60 Htr. 6.3 

6.3 

0 .4 Push-Pull Class-B 250 0 -  
- 

-  
- 

5.0 5  
32 36700 3400 125 10000 8.0 

6AC5G Dynamic-Coupled Amp. 250 - 7000 3.7   
Direct-Coupled Amplifier 7W Htr. 1.1 

0.3 

Class-A Amplifier 180 0 Input 7.0 
- 3000 54 4000 3.8 6AC6G 

6AD5G 

180 0 Output 
- I 

45 
6AD5G 
6AD6G 

6AD7G 

High-µ Triode 60 Htr. 6.3 Class-A Amplifier 250 - 2.0 0.9 - 1500 100 - - Electron-Ray Tube 7AG Htr. 6.3 0.15 Indicator Tube 100 0 for 90*; -23 for 135*; 45 for 0*. Target current 1.5 ma. 6AD6G 
Triode-Pentode BAY Htr. 6:3 0.85 Triode Amplifier  

Pentode Amplifier 
250 -25.0 - - 4.0 19000 1 

50000 
325 6.0 - - 

6AD7G 250 -16.5 250 6.5 34 2500 - 7000 3.2 



TABLE 11 - 6.3-VOLT GLASS TUBES WITH OCTAL BASES -Continued 

Type Name 
Socket 
Connec- 
lions , 

dathode 
Fil. or Heater 

Use 
Plate 

Supply 
Volts 

Grid 
Bias 

-15.0 

Screen 
Volts 

Screen 
Current 
m a. 

Plate 
Current 
ma. 

Plate Resist- 

°h s ance, m 

Transcon- 
ductence 
Micromhos 

Amp. 
E....... 
"""'s 

Load 
Resistance 
Ohms 

Power 
Output 
Watb 

Type 

6AE5G 

6AE6G 

Volts Amps. 

6AE5G  Triode Amplifier 60 HI,. 6.3 0.3 Class-A Amplifier 95 - - 7.0 3500 1200 4.2 - - 

6AE6G Twin-Plate Triode 7AH Htr. 6.3 0.15 Indicator Control 
250 - 1.5 6.5 3 25000 1000 25  

33 
- - 

250 - 1.5 4.5 3 35000 950 

6AE7GT Twin-Input Triode' 7AX Htr. 6.3 0.5 Driver' Amplifier 250 -13.5  
-18.0 

- - 5.0 9300 1500 14 - - 6AE7GT 

6AF5G Triode Amplifier 60 Htr. 6.3 0.3 Class-A Amplifier 180 - - 7.0 - 1500 7.4 - - 6AFSG 

6AF6G Electron-Ray Tube  7AG Htr. 6.3 0.15 Indicator Tube 100 0 for loe 60 for e. Target current 0.9 6AF6G 

6AF7G  Twin Electron Ray BAG  
7S  
6AP 

Htr. 6.3 0.3 Indicator Tube 
-  
33000 

10000  
5200  

- 8500 3.75 
  6AF7G  

6AG6G 
6AF7G  
6AG6G 

6AG6G Power Amplifier Pentode Htr. 6.3 1.25 Class-A Amplifier 250 - 6.0 250 6.0 32 

6AH5G Beam Power Amplifier Her. 6.3 0.9 Class-A Amplifier 350  
250 

-18 250 - - -  4200  10.8  6AH5G 
6AH7GT  
6AL6G 
684G  
6B6G  
6C8G  
6D8G  

6AH7GT  Twin Triode 88E Htr. 6.3 0.3 Converter and Amp. - 9.0 - - 12 3 6600 2400 16  -  --  

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  
-  
-  
- 

6EI4G  Triode Power Amplifier SS Fil. 6.3 1.0 Power Amplifier Characteristics same as Type 6A3 - Table IV ----  
- 

6B6G  Duplex-Diode High-g Triode 7V Htr.  
Htr. 

6.3 
6.3 

0.3 Detector-Amplifier Characteristics same as Type 75-Table IV 

6CEIG  Twin Triode 8G 0.3  
0.15 

Amp. 1 Sectián  
Converter 

250 - 4.5 - - 3.1 I 26000 1 1450 38 

6D8G  Pentagrid Converter 8A Htr. 6.3 250 - 3.0 100 Cathode current 13.0 Ma. I Anode grid (No. ) Volts =250 3 

6E8G  Triode-Hexode Converter 80 Htr. 6.3 
6.3 
6.3 

0.3  
0.6 

Osc.-Mixer 250 - 2.0 Triode Plate 150 volts 6E8G 

6F8G Twin Triode 8G Htr.  
Htr. 

Amplifier 250 - 8.0 - - 93 7700  
1 75000 

2600  
2300 

20  
400 

--  
10000 

- 
1.1 

6F8G  
666(i 

6G6G  Pentode Power Amplifier  IS 0.15 Class-A Amplifier 180 - 9.0 180 2.5  
- 

15 

6H4GT  Diode Rectifier 5AF Hit. 6.3 0.15  
0.3 

Detector  
Class-A Amplifier 

100 --- - 4.0 - - -  -  -  
- 

6H4GT  
6H8G 

6H8G  Duo-Diode High-u Pentode  BE Htr. 6.3 250 - 2.0 100  
100 

- 8.5 650000 2400 - - 

618G  Triode Heptode 8H Htr.  
Htr. 

6.3 
6.3 
6.3 

0.3 Converter 250 - 3.0 2.8 1.2 Anode-grid (No. 2) 250 volts max., 5 ma. 618G  
6K5G  

6K5G  High-g Triode SU 0.3 Class-A Amplifier 250 - 3.0 - - 1.1 50000 1400 I 70 I - I - 

6K6G  Pentode Power Amplifier 7S Htr. 0.4 Class-A Amplifier Characteristics same as Type 41 -Table IV 6K6G  
6L5G  
6M6G  6L5G  Triode Amplifier  60  

7S 
Htr. 6.3 0.15 Class-A Amplifier 250 - 9.0 - - 8.0 - 1900 17 - -  

4.4  
6M6G  Power Amplifier Pentode Htr.  

Htr. 
6.3  
6.3 

1.2  
0.3 

Class-A Amplifier 250 - 6.0  
- 2.5 

250 4.0 36 - 9500 - 7000  

6M7G  Triple-Grid Amplifier  7R R. F. Amplifier 250 125 2.8 10.5  
0.5 

900000  
91000 

3400 
1100 

- - - 6M7G  

6M8GT 
6M8GT Diode Triode Pentode 8AU Ht,. 6.3 0.6 

Triode Amplifier 100 - - -  
- 

- - - 

Pentode Amplifier 100 - 3.0 100 8.5 200000 1900 - - -  
6N6G 

6N6G  Direct-Coupled Amplifier  7AU  HIT. 6.3 0.8 Power Amplifier Characteristics same as Type 685-Table IV - - - 

6P5G  Triode Amplifier 60 Htr. 6.3 0.3 Class-A Amplifier 250 I -13.5 I - - 5.0 9500 1450 13.8 - - 6P5G  

6P7G  Triode-Pentode 7U 1-Itr. 6.3 0.3  
0.8 

Class-A Amplifier Characteristics same as 6F7-Table IV 6P7G  

6PEIG  Triode-Hexode Converter 8K Htr. 6.3 Oic.-Mixer 250 - 2.0 75 1.4 1.5 Triode Plate 100 v. 2.2 ma. 6P8G  

606G  Diae-Triode 6Y Htr.  
Hr.  

6.3 0.15 Class-A Amplifier 250 - 3.0 
- 3.0 

- 
100-  

- 1.2 - 1050 65  -  -  
- 

606G  
6R6G 

Pentode Amplifier  6AA  6.3 0.3 Class-A Amplifier 250 1.7 7.0 - 1450 1160 - 
6R6G  
6S6GT  Triple-Grid Venable-e  SAK Htr. 6.3 0.45 R.F. Amplifier 250 - 2.0  

- 2.0 
100 3.0 13 350000 4000 ____ - 6S6GT  

65D7GT 
65D7GT Triple-Grid Semi-Variable-µ  8N 

8N  
BBD 

Htr.  
Htr. 

6.3 
6.3 

0.3 R.F. Amplifier 250 100 1.9 6.0 1 000000 3600 -  

3750 
- - 

6SE7GT Triple-Grid Amplifier 0.3 R.F. Amplifier  
Amplifier 

250 - 1.5 100 1.5 4.5 1100000 3400 - -  
--- 

6SE7GT 

6SL7GT Twin Triode  Htr. 6.3 0.3 250 - 2.0 - -  
- 

2.3 3  
9.0 1 

44000 1600 70 -- 6SL7GT 
6SN7GT 
6T6GM 
6U6GT 

6SN7GT Twin Triode 8BD Ht,. 6.3 0.3 Amplifier 250 - 8.0  
- 1.0 

- 7700 2600  20  -  
- 

-  
--  

6T6GM 8 Triple-Grid Amplifier 6Z Htr. 6.3 0.45 R.F. Amplifier 250 100 2.0  
3.0 

10  
56 

1000000  
20000 

5500 - 

Power Amplifier 7AC Htr.  6.3  0.75 Class-A Amplifier 200 -14.0 135 6200 - 3000 5.5 
6U6GT- 
6U7G  

Beam 
Triple Grid Variable-u 7R Htr. 6.3 0.3 R.F. Amplifier Characteristics same as Type 6D6- Table III 6U7G  

6V7G Duplex Diode-Triode 7V Htr. 6.3 0.3 Detector-Amplifier . Characteristics same as Type 85 - Table Ill 6V7G  

6W6GT Beam Power Amplifier 7AC Htr. 6.3 1.25 Class-A Amplifier 135 l - 9.5 I 135 I 12.0 I 61.0 l - I 9000 I 215 2000 3.3 6W6GT 



TABLE II -6.3-VOLT GLASS TUBES WITH OCTAL BASES - Continued 

Type Name 
Socket 
Connec- 
tions ' 

Cathode 
Fil. or Heater 

Use 
Plate 
Simply 
Volts 

Grid 
Bias 

Screen 
Volts 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate Resist- 
once ohm 

• 

Transcon-
ductance . 

Micromhos 

Amp . 
Factor 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type Volts Amps. 

6W7G  
6X6G 

Triple-Grid Det. Amp. 7R Hit. 6.3 0.15 Class-A Amplifier 250 - 3.0 100 2.0 0.5 1500000 1225 1850 - - 5W7G  
Electron-Ray Tube 7AL Ht,.  

Ht,.  
Hit. 

6.3 
6.3 
6.3 

0.3 Indicator Tube 250 0 y for 300°, 2 ma. -8 v. for 0°, 0 ma. Vane grid 135 y. 5X6G 6Y6G Beam Power Amplifier 7AC 1.25 Class-A Amplifier 135 -13.5 I 135 3.0 I 60.0 9300 7000 - I 2000 I 3.6 6Y6G  
6Y7G 

6Y7G Twin Triode Amplifier 813 0.3 Class-8 Amplifier Characteristics same as Type 79- Table IV 

6Z7G Twin Triode Amplifier 813 Hit. 6.3 0.3 Class-8 Amplifier 180 0 -  
I - 

- I 8.4 2 - - - I 12000 4.2 
6Z7G 

1223  
1231 

135 0 -  i 6.0 2 ., 9000 2.5   
1223 Pentode Amplifier  

Pentode Amplifier  
7R  
8V  

Hit.  
Ht,. 

Ti 
6.3 

0.3 Class-A Amplifier Characteristics same as 6C6- Table IV 
1231  
1635 

1W 2C21 

0.45 Class-A Amplifier 300 - 2.5 8 150  
- 

2.5  
- 

10  
10 2/63 

700000  
-  

7600 

5500  
- 

3850 - - 
Twin Triode Amplifier  88  Ht,.  6.3 0.6 Class-8 Amplifier 400 - 0 - 14000 17 1635 
Twin-Triode Amplifier 7BH 

7R 

HO. 6.3 0.6 Class-A Amplifier 250 -16.5 - - 8.3 1375 10.4 _ _. 1642/ 
2C21  

7000 Low-Nolse Amplifier Hit. 6.3 0.3 Class-A Amplifier Characteristics same as Type 6.17 - Table I 7000 

1 Refer to Receiving Tube Diagrams. No connection to Pin No. 1. 
No-signal value for 2 tubes. Per plate. 

+Plate No. 1, remote cut-off. 
'Plate No. 2, sharp cut-off. 

Through 200-ohm cathode resistor. 
1 Common plate. 

TABLE III-7-VOLT LOKTAL-BASE TUBES 
For other loktal-base types see Tables VIII, IX, X and XIII. 

8 Metal-sprayed glass envelope. 
5 Through 20,000-ohm dropping resistor. 

TYP• Name 
Socket 
Connec- 
dons 

Cathode 
Heater * 

Use 
Plate 
supply 
Volts 

Grid 
Bin 

Screen 
Volts 

Screen 2 
Current 
Ma. 

Plate 2 
Current 
Ma. 

Plate 
Resistance, 
Ohms 

Trans- 
conduct- 
once 

Micromhos 

Amp. 
Factor 

Load 
Resistance Ohms 

Power 
Output 
Watts Type 

Volts Amps. 

7A4 Triode Amplifier 5 AC Hit. 7.0 0.32 Class-A Amplifier 250 - 8.0 - - 9.0 7700 2600 20  -  -  
1.9 

7A4  
7A5  

7A5  
7A6 

Beam Power Amplifier 6 AT Hit. . 7.0 0.75 Class-A Amplifier 125 - 9.0 125 3.2/8 37.5/40 17000 6100 - 2700 
Twin Diode 7 AJ Hit. 7.0  

7.0 
0.16 Rectifier Max. A.C. volts per plate-150. Max. Output current -10 ma. 7A6  

7A7  
7A7 Remote Cut-off Pentode  

Multigrid Converter 
8 V Ht,. 0.32 R.F. Amplifier 250 - 3.0 100 2.0 8.6 800000 2000 1600 - -- 

7A8  8 U Ht,. 7.0 0.16 Osc.-Miaer 250 - 3.0 100 3.1 3.0 50000 Anode-grid 250 volts ma.2 7A8  784 High-p Triode 5 AC Htr. 7.0  
7.0  
7.0  
7.0 

0.32  
0.43  
0.32  
0.16 

Clau-A Amplifier  
Class-A Amplifier  
Class-A Amplifier  
R.F. Amplifier 

250 - 2.0 - - 0.9 66000 1500 100  -  -  784  
785 Pentode Power Amplifier 6 AE HI,. 250 -18.0 250 5.5/10 32/33 68000 2300 - 7600  3.4  785  
786 Duo-Diode Triode 8 W Ht,. 250  

250 
- 2.0 - - 1.0 91000 1100 100  

1200 
-  
- 

-  
- 

786  
787  

7B7 Remote Cut-off Pentode  
Pentagrld Converter 

8 v Ht,. - 3.0 100 2.0 8.5 700000 1700 
788 8 X Hit. 7.0 0.32 Osc.-Mixer  

Class-A Amplifier  
Class-A Amplifier 

250 - 3.0 100 2.7 3.5 360000 Anode -grid 250 volts ma .' 788  
7C5 Tetrode Power Amplifier 6 AA  

8 W 
Ht,. 7.0 0.48 250 -12.5 250 4.5/7 45/47 52000 41'00  -  5000  4.5  7C5  7C6 Duo-Diode Triode Ht,. 7.0 0.16 250 - 1.0 - - 1.3 100000 1000  100  --  -  7C6  7C7  

7D7 
7E6 

Pentode Amplifier  
Triode-Hexode Converter 

8 V Ht,. 7.0 0.16 R.F. Amplifier 250 - 3.0 100 0.5 2.0 2 meg. 1300 -- - - 7C7 
8 AR Hit. 7.0  

7.0 
0.48 Osc.-Mixer 250 - 3.0 Tried Plate (No. ) 150 v. 3.5 ma. 7D7  

Duo-Diode Triode 8 W Hit. 0.32 Class-A Amplifier 250 - 9.0 - - 9.5 8500 1900  16  -  -  7E6  
7E7 Duo-Diode Pentode 8W Hit. 7.0 0.32 Class-A Amplifier 250 - 3.0 100 1.6 7.5 700000 1300 - - - 7E7 
7F7 

327G7/ 12  

Twin Triode SAC Ht,. 7.0  

7.0 

0.32  

0.48 

Class-A Amplifier 8  

Class-A Amplifier 

250 - 2.0 - - 2.3 44000 1600 70 - -- 7F7  
Triple-Grid Amplifier 8 V Hit. 250 - 2.0 100 2.0 

2.5 

6.0 800000 4500 - - - 7G7/ 
1232 

7H7 
7H7  Triple-Grid Semi-Variable-p 8 V Hit. 7.0 0.32 R.F. Amplifier 250 - 2.5 150 9.0 1000000 3500 - - -- 7J7 Triode-Hexode Converter 8 AR Ht,. 7.0 0.32 Osc.-Mixer 250  

250 
- 3.0 100 2.9 1.3 Triode Plate 250 v. Max., 7.17 7K7 Duo-Diode High-p Triode 8BF Hit. 7.0 0.32 Class-A Amplifier - 2.0 - - 2.3 44000 1600 70 - 1 - 7K7  7L7 Triple-Grid Amplifier 8 V Hit. 7.0 0.32 Class-A Amplifier 250 - 1.5 .100 1.5 4.5 100000 3100 Cathode Resistor 250 ohms 7L7 



TABLE III - 7-VOLT LOKTAL-BASE TUBES - Continued 

live Name 
Socket 
Connie- 
tions 

Cathode 
Heater 

Use 
Plate 

Surely 
Volts 

Grid 
Bias 

Screen 
Vohs 

Screen 4 
Current 
Me.  

-  
8.0 

Plate , 
Current 
Ma.  
9.0 

Plate 
Resistance, 
Ohms 

Transcon- 
ductance 

Micromhos 

Amp. c__,.... 
''"'''" 

20 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type 

7N7  
707  

Volts Amps. 

7N7  Twin Triode BAC Htr. 7.0 0.6 (lags-A Amplifier' 250 - 8.0 - 7700 2600 - - 

707  Pentagrld Converter BAL Htr. 7.0  
7.0 

0.32  
0.32 

Osc.-Mixer 250 0 100 3.4 800000 Grid No. 1 resistor 20000 ohms 

7R7  Duo-Dlode Pentode 8AE Htr. Class-A Amplifier  
Osc.-Mixer 

250  
250 

- 1.0  
- 2.0 

100  
100 

1.7  
2.2 

5.7  
1.7 

1000000 3200 - I - -- 7R7  

757 Triode Hexode Converter BAR Htr. 7.0 0.32  
0.32 

2000000 Triode Plate 250 v. Max. 7S7  
7T7 

7T7  
7W7  

TripleAmplifier 8V  Htr.  7.0 Clau-A Amplifier  
Class-A Amplifier 

250  
300  
300 

- 1.0  
- 2.2  
- 4 

150  
150  
150, 

4.1  
3.9  
3.9 

10.8  
10 

900000 4900 -- - -  
- -Grid 

TripleVariable-n NU  Htr. 7.0 0.48 300000 5800 - - 7W7 

7V7  
-Grid 

Triple-Grid Amplifier 8V Htr. 7.0 0.48 Amplifier 9.6  
8.0 

300000 5800 - - --- 7V7  
XXL 

XXL Triode Oscillator 5AC Htr. 7.0 0.32 Oscillator 250 - 8.0 - - - 2300 20 - - 

* Maximum rating, corresponding to 130-vo t line condition; normal rat ng is 6.3 v. for 117-v. line. 
3 Values to left of diagonal lines are for "no-signal" conditicrtr values to right are "with signal." 'Applied through 20000-ohm dropping resistor. 3 Each triode. ' Cathode bias resistor, 160 ohms. 
, 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-p) characteristic, fixed screen supply gives sharp cut-off. 

TABLE IV - 6.3-VOLT GLASS RECEIVING TUBES 

Type Name Base , 
Socket 
Connec- 
lions ' 

Cathode 

Fil. 

Fil. or Heater 
Use 

Plate 

Supply Volts 

Grid 

Bias 

scr 

Volts 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate Resist- ,-,,, 
an"' s'"'"'' 

banscen. ductance 
Micromhos 

Amp 
c .., ' 
' ih.en 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type 

6A3 

6A4  

6A6 

6A7 
6A135  

Volts Amps. 

6A3 

6A4 1  

6A6 

Triode Power Amplifier 4-pin M. 4D 6.3 1.0 
Class-A Amplifier 250 - 45  

- 62 
- 

- - 60 800 5250 4.2 2500 3.5 

Push-Pull Amplifier 300 
300 

Fixed Bias 
Self Bias ' 

40 
40 

Power output for 2 tubes 
load plate-to-plate 

3000 
5000  

15 
10  
1.4  

8•0 
10.0 

Pentode Power Amplifier 5-pin M. 5B Fil. 6.3 0.3 Class-A Amplifier 180 -12.0 180 

- 

3.9 22 45500 I 2200 I 100 8000 

Twin Triode Amplifier 7-pin M. 76 Htr. 6.3 0.8 Class-B Amplifier 250 
300 

0 
0 

Powe output is for one tube at stated 
load, plate-to-plate 

MD 
10000 

6A7 Pentagrid Converter 7-pin S. 7C Htr. 6.3 0.3 Converter 250 - 3.0 100 2.2 3.5 360000 I Anode grid (No. 2) 200 volts max. 

6AB5  Electron-Ray Tube 6-pin S. 6R  

7AG 

Htr. 6.3 0.15 indicator Tube 135 0 - - 0.5 Target current 4.5 ma. 

6AF6G 
6AF6G 
  Twin Indicator Type 

Electron-Ray Tube 7 pin S. Htr. 

Htr. 

6.3 

6.3 

0.15 Indicator Tube 
250 155 ,, 0" --- - Target current 3.75 ma. 

Twin Indicator Type 135 81" 0" - - Target current 1.5 ma. 
605 

685 
Direct-Coupled Power Am- 

Plifier 
6-Pin M. 6AS 0.8 Class-A Amplifier 300 0 - 6,  

4.5 , 
45 
40 

241000 2400 58 7000 4.0 

Push-Pull Amplifier 400  
250 

-13.0 - - - - 10000  20  
6B7  

6C6  667  Duplex-Diode Pentode 7-pin S. 7D Htr. 6.3 0.3 Pentode R.F. Amplifier - 3.0 125 2.3 9.0 650000 1125 730 _ - 

6C6 Triple-Grid Amplifier  6-pin S. 6F  
7G  

Htr.  
Htr.  

6.3  
6.3  

0.3 R.F. Amplifier 250 - 3.0 100 0.5 2.0 1 500000 1225 1500 - - 

Diode Triode 7S. 0.3  Class-A Amplifier  250 - 9.0 - - 4.5 - 20 1250 - - 6C7  
6C7  
6D6 

Duplex 
Triple-Grid Variable-g' 

-pin 
6-pin S. 6F Htr. 6.3 0.3 R.F. Amplifier 250  - 3.0 100  2.0  8.2  800000  

- 
1600 
1600 

1280 - - 6D6  
6D7 1280 -   - 

- 6D7  
6E5  

Triple-Grid Amplifier 7-pin S. 7H Ffir. 6.3 0.3 Class-A Amplifier 250 - 3.0 100 0.5 2.0 
6E5 

Electron-Ray Tube 6-pin S. 6R Htr. 6.3 0.3 Indicator Tube 250 0 - - 0.25 Target Current 4 ma. 

6E6  Twin Triode Amplifier 7-pin M. 78 Htr. 6.3 0.6 Class-A Amplifier 250 -27.5 Per plate-18.0 3500 I 1700 I 6.0 I 14000 I 1.6 6E6  

6E7  Triple-Grid Variable-p 7-pin S. 7H Htr. 6.3 0.3 R.F. Amplifier Characteristics same as 6U7G- Table II 6E7  

6F7 Triode Pentode 7-pin S. 7E Htr. 6.3 0.3 
Triode Unit Amplifier 100 - 3.0  

- 3.0 

-  
100 

l  -  
I 1.5 

3.5 16000 I 500 8 - - 
6F7 

Pentode Unit Amplifier 250 6.5 850000 I 1100 900 - - 

6G5/ 
6U5  6G5/ 

6U5  
Electron-Ray Tube 6«pin S. 6R Ht,. 6.3 0.3 Indicator Tube  250 

100 
Cut-off Grid Bias -=22 v. 
" " " = 8 v. 

0.24 
0.19 

Target Current 4 ma. 
if fi 1 it 

6H5  Electron-Ray Tube 6-pin S. 6R Htr. 6.3 0.3 indicator Tube Same characteristics as Type 6G5 -Circular Pattern 6H5  

6.16  (win Triode 7-pin M. 7BF Htr. 6.3 0.45 Class-Amplifier 150 50" I - I - 8.5 6000 I 5300 I 32 I - -  6J6  

6N5  Electron-Ray Tube 6-pin S. 6R Htr. 6.3 0.15 Indicator Tube 180 
250 

Cut-off Grid Bias = -12v. 0.5 Target Current 2 ma. -  6N5  

6T5 Electron-Ray Tube 6-pin S. 6R Htr. 6.3 0.3 Indicator Tube Cut-off Grid Bias = -12 v. 0.24 Target Current 4 ma. - 6T5 



TABLE IV-6.3-VOLT GLASS RECEIVING TUBES -Continued 

TYPe Name Base 4 
Socket 
Connec- 
lions' 

Cathode 
Fil. or Heater 

Use 
Plate 
Supply 
Volts 

Grid 
Bias 

Screen 
Volts 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

PlateResist- 
• Oh- 'In-'"'s 

Transcon- 
ductance 
Micromhos 

Amp. ... 
' 6"°, 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type 
Volts 

'Ti 
Amps. 

36  Tetrode R.F. Amplifier 5-pin S. 5E Htr. 0.3 R.F. Amplifier  
Class-A Amplifier 

250  
250 

- 3.0  
-18.0 

90 •1.7 3.2 550000 1080 595 - -  
--- 

36  
37 

37  
38  
39/44  
41 

Triode Detector Amplifier  5-pin S.  5A Hi,, 
Htr. 

6.3 
6.3 

,).3 
0.3 

-  
250 

- 7.5 8400 1100 9.2 -- 
Pentode Power Amplifier 5-pin S. 5F Class-A Amplifier 250 -25.0 3.8 22.0 100000 1200 120 10000 2.5 

-  
3.4  
3.0 

38  
39/44  
41  
42 

Variable-y R.F. Amplifier 5-pin S. 5F Hit 6.3 0.3 R.F. Amplifier 250 - 3.0 90 1.4 5.8 1000000 1050 1050 - 
Pentode Power Amplifier 6-Pin S. 66  

68 
Htr. 6.3 0.4 Class-A Amplifier 250  

250 
-18.0  
-16.5 

250 5.5  
6.5 

32.0 68000 2200 150 7600  
7000  
- 

42  
75 

Pentode Power Amplifier 6-pin M. Htr.  
Htr. 

6.3 
Ti 

0.7  
0.3 

Class-A Amplifier 250  
- 

34.0 100000 2200 220  
100 

Duplex-Diode Triode 6-pin S. 6G Triode Amplifier 250 - 1.35 - 0.4 91000 1100 -  75 
76 Triode Detector Amplifier  

Triple-Grid Detector 
5-pin S. 5A Htr. 6.3 0.3 Class-A Amplifier 250  

250 
-13.5  
- 3.0 

-  
100  
100 

- 5.0 9500 1450  13.8  -  
- 

-  
- 

76 
77  

77  
78 

6-pin S. 6F Htr. 6.3 0.3  
0.3 

R.F. Amp ifier 0.5 2.3 1 500000 120 1500 
Triple-Grid Variable-y 6-pin S. 6F Htr. 6.3 R.F. Amplifier 250 - 3.0 1.7 7.0 800000 1450 1160 - -  

8.0  
78  
79  

79 Twin Triode Amplifier 6-pin S. 6H Her. 6.3 0.6  
0.3 

Class-8 Amplifier 250 0 -  
- 

- Power output s for one tube 14000 
85  Duplex-Diode Triode 6-pin S. 6G Htr.  

Htr. 
6.3  
6.3 

Class-A Amplifier 250 -20.0 ---- 8.0 7500 1100 8.3 20000 0.35 85  
85 AS  

85AS  

89 

7E5/ 1221 5  
1603 5 

Duplex-Diode Triode 6-pin S. 6G 0.3 Class-A Amplifier 250 - 9.0 - - 5.5 - 1250 20 - -  
Triple-Grid Power 

Amplifier 6-pin S. 6F Htr. 6.3 0.4 
Triode Amplifier ' 250 -31.0 - - 32.0 2600 1800 4.7 5500 0.9  

3.4 
89 Pentode Amplifier' 250 -25.0 250 5.5 32.0 70000 1800 125 6750 

 Triple-Gri d   Amplifier 6-pin S. 6F Htr. 

Htr.  
Hb. 

6.3 

6.3 

0.3 Class-A Amplifier Characteristics same as 6C6 7E5/ 
1221 

Triple-Grid Amplifier 6-pin M. 6F  
6F 

0.3 Class-A Amplifier Characteristics same as 6C6 1603  
7700 5 Triple-Grid Amplifier 6-pin S. 6.3 0.3 Class-A Amplifier Characteristics same as 6C6 7700  
RK100 Mercury-vapor Triode 6-pin M. 6A Htr. 6.3 0.6 Amplifier 100 I -2.5 I Cathode (G1) cunent 250 ma. I 20000 I 50 I - I - RK100 

Refer to Receiving Tube Diagrams. 
Suppressor grid, connected to cathode inside tube, net shown on 

base diagram. 5 Also known as Type LA. 

S. - small; M. - medium. 1 Grid No. 2, screen, grid No. 3, suppressor. "Ray control voltage for shadow angle of tr. 
Current to input plate (Pi). Cathode resistor, 780 ohms. "Ray control voltage for shadow angle of 100 . 
Grids Nos. 2 and 3 connected to plate. ,Low noise, non-microphonic, tubes. "Cathode bias resistor-ohms. Fined bias not recommended. 

TABLE V- 2.5-VOLT RECEIVING TUBES 

Type 

2A3 

Name Base' 
Socket 
Connec- 
lions i 

Cathode 
Fil. o Heater 

Use 
Plate 
Supply 
Volts 

Grid •.- 
Bun 

Screen .. 
" Hi 

Screen 
Current 
Ma. 

Plate 
 Current 

Ma. 

Piale Ri- ae Resist- 

en"' Ohms 

Tronscon- 
ductance 
Micromhos 

ARID •-• Factor 

Load 
Resistance ohms 

Power 
Output 
948, 

Type Volts Amps, 

Triode Power Amplifier 4-pin M. 4D  
68 

Fil.  
Htr.  
Htr. 

2.5 
2.5 

2.5 Class-A Amplifier Characteristics same as Type 6A3, Table IV 2A3  
2A5  
2A6  
2A7 
266 

Pentode Power Amplifier 6-pin M. 1.75 Class-A Amplifier Characteristics same as Type 42, Table IV 2A5 
Duplex-Diode Triode 6-pin S. 6G 2.5 0.8 Class-A Amplifier Characteristics same as Type 75, Table IV 2A6  
Pentagrid Converter 7-pin S. 7C Htr.  

Htr. 
2.5 
2.5  
2.5 

0.8 Osc.-Mixer Characteristics same as Type 6A7, Table IV 2A7  
Direct-Coupled Amplifier 7-pin M. 7.1 2.25 Amplifier 250 1-24.0 I - I - I 40.0 1 5150 i 3500 I 18.0 I 5000 I 4.0 286  

287  
2E5  
2G5 

24-A 

27 

Duplex-Diode Pentode  
Electron-Ray Tube 

7-pin S. 7D Htr. 0.8 Pentode Amplifier Characteristics same as Type 667-Table IV 287 
6-pin S. 6R Htr. 2.5 0.8  

0.8 

1.75 

Indicate, Tube Characteristics same as Type 6E5 - Table IV 2E5  
Election-Ray Tube 6-pin S. 6R Htr. 2.5 

2.5 

Indicator Tube Characteristics same as 6U5-6G5 - Table IV 2G5 
Tetrode R.F. Amplifier 5-pin M. 5E Htr. , Screen-Grid R.F. Amp. 250 - 3.0 90 1.7 4.0 I 600000 I 1050 63 - -- 0 

24-A Blas Detector 250 - 5.0 20 Plate current adjusted to 0.1 ma. with no signal 

Triode Detector-Amplifier 5-pin M. 

5-pin M. 

5A Ht,. 2.5 1.75 Class-A Amplifier  
Bias Detector 

250 -21.0 - - 5.2 9250 I 975 9.0 - - 27 

35 

250 -30.0 - Plate current adjusted to 0.2 ma. with no signal 
35 Variable-y Amplifier 5E Htr. 2.5 1.75 Screen-Grid R.F. Amp. 250 - 3.0 90 2.5 6.5 

36.0 
400000 1050 420 - - 

45 Triode Power Amplifier 4-pin M.  

5-pin M. 

40 Fil. 2.5 1.5 Class-A Amplifier 275 -56.0 - - 1700 2050 3.5 4600  
6400 

2.00  
1.25 

45  

46 
46 Dual-Grid Power Amplifier 5C Fil. 2.5 1.75 Class-A Amplifier' 250 -33.0 

0 
- 
- 

- 
- 

22.0 2380 2350 5.6 
Class-8 Amplifier , 400 Power output for 2 tubes 5800 20.0 



TABLE V - 2.5-VOLT RECEIVING TUBES- Continued 

hl» Name Base , 

5-pin M. 

Socket 
Comme- 
lions , 

Cathode 
Fil. or Heater 

Use 
Plate 
Srly 

olis 

250 l 

Grid 
mas 

-16.5 

Screen volés 

250 

Sema 
Canent 
Ma. 

I 
Plata Plate Resist- Curium ance ohms 
Ma. 1 ' 

Transcon- 
ductance 

Micrornhos 

. mp 
''''' Factor 

150 

Load 
Resistance 
Ohms 

I 7000 

Power 
Output 
Watts 

2.7 

Type 

47 

Volts Amin- 

47 Pentode Power Amplifier 58 Fil. 2.5 1.75 Class-A Amplifier 6.0 31.0 I 60000 I 2500 
53 Twin Triode Amplifier 7-pin M. 713 Ht,. 2.5 2.0  

1.0 
Class-B Amplifier Characteristics same es Type 6A6, Table IV 53 

55 Duplex-Diode Triode 6-pin S. 6G Htt. 2.5 Class-A Amplifier Characteristics same as Type 85, Table IV 55 
56 Triode Amplifier, Detectoe 5-pin S.  

6-pin S. 
5A Hl,. 2.5 1.0 Class-A Amplifier Characteristics same as Type 76, Table IV 56 

57 Triple-Gad Amplifier 6F Htr. 2.5 1.0 R.F. Amplifier 250 - 3.0 100 0.5 2.0 1500000 1225 1500 - - 57 
58  

59 

RK15 
RK16 
RK17 

TrIple-Grid Variable-g 6-pin S. 6F Ht,. 2.5 1.0 Screen-Grid  R.F. Amp. 250 - 3.0 
-28.0 

100 2.0 8.2 800000 1600 1280 - - 58 
Triple-Grid Power 

Amplifier 7-pin M. 7A Ht,. 

Fil. 

2.5 

2.5 

2.0 
Class-A Triode' 250 - - 26.0 2300 2600 6.0 5000 1.25 

59 Class-A Pentode 7 250 -18.0 250 9.0 35.0 40000 2500 100 6000 3.0 

Triode Power Amplifier 4-pin M. 4D, 1.75 Characteristics same as Type 46 with Class-B connections Ria 5 
Triode Power Amplifier 5-pin M. 5A Ht,. 2.5 2.0 Characteristics same as Type 59 with Class-A triode connections RK16 
Pentode Power Amplifier 5-pin M. 5F Fit. 2.5 2.0 Characteristics same as Type 2A5 RK17 

Refer to Receiving Tube Diagrams. 
Grid connection to cap; no connection to No. 3 pin. 
S. - small; medium. 

Grid No. 2 tied to plate. 
Grids Nos. 1 and 2 tied together. 

TABLE VI-2.0-VOLT BATTERY RECEIVING TUBES 

Name 

1A4P  
1 A4T  
1 A6  
1 B4P/ 
951  
185/25S 
106 
1F4  

1F6 

15 
19 
30 
31  
32 
33 
34 

Variable-g Pentode 
Variable-g Tetrode 
Pentagrid Converger 
Pentode R.F. Amplifier 

Base , 

4-pin S.  
4-pin S.  
6-pin S.  
4-pin S. 

Socket 
Connec-
tions 

Cathode 
Fil. or Heater 

Volts 

4M 
4K  
6L  
4M 

Fil. 
Fil. 
Fil. 
Fil. 

2.0 
2.0 
2.0 
2.0 

Amps. 
Use 

Plate 
Supply 
Volts 

0.06 
0.06 
0.06 
0.06 

R.F. Amplifier 
R.F. Amplifier 
Converger 
R.F. Amplifier 

180 
180 
180 
180 
90 
135 
180 
135 
180 
135 
135 
135 
180 
180 
180 
180 
180 
135 
180 
180 
135 
180 

Duplex-Diode Triode  
Pentegrid Converter  
Pentode Power Amplifier  

Duplex-Diode Pentode 

R.F. Pentode  
Twin-Triode Amplifier  
Triode Detector Amplifier  
Triode Power Amplifier  
Tetrode R.F. Amplifier  
Pentode Power Amplifier  
Variable-g Pentode 

49 Dual-Grid Power Amplifier 

6-pin S.  
6-pin S.  
5-pin M.  

6-pin S. 

5-pin S.  
6-pin S. 
4-pin S.  
4-pin S.  
4-pin M.  
5-pin M.  
4-pin M.  

5-pin M. 

6M 
6L 
5K 

Fil. 
Fil. 
Fil. 

2.0 
2.0 
2.0 

6W 

5F  
6C  
4D  
4D  
4K  
5K  
4M 

SC 

840 
950 
RK24 

R.F. Pentode  
Pentode Power Amplifier  
Triode Amplifier 

5-pin S.  
5-pin M.  
4-pin M. 

5.1  
58  
4D 

Fil. 

Ht,. 
Fil.  
Fil. 
Fil. 
Fil. 
Fil. 
Fil. 

Fil. 

2.0 

2.0 
2.0 
2.0 
2.0 
2.0 
2.0 
2.0 

0.06 
0.12 
0.12 

0.6 

0.22 
0.26 
0.06 
0.13 
0.06 
0.26 
0.06 

2.0 0.12 

Fil.  
Fil.  
Fil. 

2.0 
2.0 
2.0 

0.13 
0.12 
0.12 

Triode Class-A Amplifier 
Converger  
Class-A Amplifier  
R.F. Amplifier  
AS. Amplifier  
R.F. Amplifier  
Class-8 Amplifier  
Class-A Amplifier  
Class-A Amplifier  
R.F. Amplifier  
Ciels-A Amplifier  
R.F. Amplifier  
lass-A Amplifier ,  

Class-B Amplifier ,  
Class-A Amplifier  
Class-A Amplifier  
Class-A Amplifier 

Grid 
Bias 

- 3.0 
- 3.0 
- 3.0 
- 3.0 
- 3.0  
- 3.0 
- 3.0  
- 4.5  
- 1.5  
- 1.0  
- 1.5 
o 

Screen 
Volts 

67.5 
67.5 
67.5 
67.5 
67.5 

67.5 
135 
67.5 
135 
67.5 

,Grids Nos. 2 and 3 connected to plate. 
7G/id No. 2, screen; grid No. 3, suppressor. 

Screen 
Current 
Ma. 

0.8 
0.7 
2.4 
0.6 
0.7 

2.0 
2.6 
0.6 2.0 1000000 650 I 650 

P ate 0.25 megohm Screen 1.0 megohm  
0.3 1.85 800000 750 I 600 

Load plate-to-plate 

Plaie 
Current 
Ma. 

2.3 
2.3 
1.3 
1.7 
1.6 
0.8 
1.5 
8.0 

Plate Resist-
once, Ohms 

1000000 
960000 
500000 

1500000 
1000000 

35000 
750000 
200000 

-13.5 
-30.0 
- 3.0 
-18.0 
- 3.0 
-20.0 
o 

- 3.0 
-16.5 
-13.5 

67.5 
180 
67.5 

67.5 
135 

0.4 
5.0 
1.0 

0.7 
2.0 

3.1 
12.3 
1.7 

22.0 
2.8 
6.0 

1.0 
7.0 
8.0 

Transcon-
ductance 
Micromhos 

Amp. 
Factor 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type 

750  750   
750 720 -  

Anode g id (No. 2) 180 max 
650 1000 
600  550   
575 20 - -  

Anode g id (No. 2) 135 max volts  
1700  340 16000  0.34 

- 

Amp. =48 

volts 

10000 
10300 
3600 

1200000 
55000 

1000000 

900 
1050 
650 
1700 
620 

9.3  
3.8  
780 
90 
620 
4.7 

5700 

6000 

4175 1125  
Power output for 2 tubes 
1000000  400  
100000 1000  

5000 1600 

400 
100 
8.0 

11000 
12000 

2.1 

0.375 

1.4 

0.17 
3.5 

13500 
12000 

0.45 
0.25 

1A4P 
1 A4T 
1A6 
1B4P/ 
951 
1135 /255 
106  
1F4 

1F6 

15 
19 
30 
31 
32 
33 
34 

49 

840 
950 
RK24 

See Receiving Tube Diagrams. 5S.--guelli M.- medium. Grid No. 2 tied to plato. 'Grids Nos. 1 and 2 tied together. 



TABLE VII - 2.0-VOLT BATTERY TUBES WITH OCTAL BASES 

TYPe 

1C7G 
1D5GP 

Name 
Socket 
Connec- 
tions 

Cathode 
Fil. or Heater 

Use 
Plate 

Supply 
Volts 

Grid 
nias 
' 

Screen 
voi. 
u 

Screen 
Current 

t•Aa. 

Plate 
Current 
Ma. 

Plate Resist-....._ 
enc.' ' als 

Transcon- 
ductance 
Micromhos 

Amp. 
- 

ra«ce 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type 
Volts Amps. 

Pentagrid Converter 7Z Fil. 2.0 0.06 Converter - - Characteristics same as Type 106 -Table VI - - - 1C7G 
Variable-p R.F. Pentode SY  

SR 
Fil. 2.0 0.06 R.F. Amplifier - -  

- 3.0 
Characteristics same as Type 1A4P - Table VI - - - 1D5GP 

1 D5GT 1DSGT 
1D7G 

Variable-p R.F. Tetrode Fil. 2.0 0.06 R.F. Amplifier 180 67.5 I 0.7 I 2.2 I 600000 I 650 - - - 
Pentagrid Converter 7Z Fil. 2.0 0.06 Converter - - Characteristics same as Type 1A6- Table VI - - - 1D7G 

1E5GP  
1E7G 

R.F. Amplifier Pentode SY Fil. 2.0 
2.0 

0.06 R.F. Amplifier - - Characteristics same as Type 184-Table VI - - - 1E5GP 
Double Pentode Power Amp. 8C 

6X 
Fil. 
Fil. 

0.24 Class-A Amplifier 135 - 7.5 135 I 2.0 1 I 6.5 1 I 220000 I 1600 350 24000 0.65 1E7G 
1F5G Pentode Power Amplifier 2.0 0.12 Class-A Amplifier - - Characteristics lame as Tvoe 1F4 -Table VI - - - 1F5G 
1F7GV Duplex-Diode Pentode 7AD Fil. 2.0 016 Detector-Amplifier - - Characteristics same as Type 1F6- Table VI - - - 1F7GV 
1G5G 
1H4G 
1H6G 
1J5G 

Pentode Power Amplifier 6X Fil. 2.0 0.12 Class-A Amplifier 135 13.5 135 I 2.5 I 8.7 I 1600000 I 1550 250 9000 0.55 1G5G 
Triode Amplifier SS Fil. 2.0 0.06 Detector-Amplifier - 

- 
- Characteristics same as Type 30-Table VI - - - 1 H4G 

Duplex-Diode Triode 7AA Fil. 2.0 0.06 Detector-Amplifier - Characteristics same as Type 185-Table VI - - -- 1H6G 
Pentode Power Amplifies 6X Fil.  

Fil. 
2.0 
2.0 

0.12  
0.24 

Class-A Amplifier 135 -16.5 135 I 2.0 I 7.0 I - I 950 100 13500 0.45 1J5G 
1J6G Twin Triode 7AB Class-B Amplifier - - Characteristics same as Type 19-Table VI - - - 1J6G 

1 Refer to Receiving Tube Diagrams, 1 Total current for both sections; no signal. 

TABLE VIII-15-VOLT FILAMENT DRY-CELL TUBES 

See also Table X for Special 1.4-volt Tubes 

Type l!leme Base 
Socket 
Connec 
tie"' 

Filament 
Use 

Plate 
Supply 
Volts 

Grid Bias Screen 
Volts 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate Resist-__ce, ohms 
'" 

Transcon- 
ductance 
Micromhos 

_ 
.. "13. Factor '"'"' 

Load 
Resistance 
Ohms Ohms 

Power 
Output 

Milliwatts 
Type 

Volts 

1.4 

Amps. 

1 A3 H. F. Diode 7-pin 8.'4 SAP 0.15 Detector Max. at. voltage per plate -117. Max. output current - 0.5 ma 1A3L 
1 A5G  
1 A7G 

Pentode Power Amplifier 7-pin O. 6X 1.4 0.05  
0.05 

Class-A Amplifier  
Osc.-Mixer 

85 1 -4.5 1 85 0.7 3.5 .300000 800 240 25000 I 100 IA5G 
Pentagrid Converter 8-pin O. 7Z 1.4 

1.4 
90 0 45 4 0.6  

1.3 
0.55 600000 Anode-gr d volts 90 IA7G 

1B7G Pentagrid Converter 6-pin O. 7Z 0.1 Osc.-Mixer 90 0 45 1.5 350000 Grid No. 1 resistor 200,000 ohms 1B7G 

1B8GT Diode Triode Tetrode 8-pin O. 8AW 1.4 0.1 1.20t Aimplifier 
Amplifier 

90 
90 

0 
-6.0  
-70' 

- 
90  
83 

- 
1.4  
1.6 

0.15 
6.3  
7.0 

240000 
- 

275 
1150 

- 
- 

- 
14000 

- 
210   MGT 

ICSG 1C5G Pentode Power Amplifier 7-pin O. 6X 1.4 0.1 Class-A Amplifier 83* 110000 1500 165 9000 200 

1D8GT Diode Triode Pentode 8-pin O. 8A1 1.4 0.1 Triode Amplifier 
Pentode Amplifier 

90 
90 

0 
-9.0 

- 
90 

- 
1.0 

1.1 
5.0 

43500 
200000 

575 
925 

25 
- 

- 
- 

- 
- D8GT 

1E4G Triode Amplifier 8-pin O. SS" 1.4 0.05 Class-A Amplifier 90 
90 

0 
-3.0 - 

-  
- 

- 
4.5 
1.5 

11000 
17000 

1325 
825 

14.5 
14 - - 1E4G 

1G4G Triode Amplifier 7-pin O. 5S 1.4 0.05 Class-A Amplifier 90 -6.0 -  
- 

2.3  
1.0 

10700  
45000 

825 8.8 - - IG4G 

1G6G Twin Triode 6-pin O. 7AB 1.4 0.1 Class-A Amplifier 90 0  
0 

675 30 - - 
G6G 

1H5G 
Class-8 Amplifier 90 - - 1/7'  

0.14 
34 volts 

240000 
input per 9 

275 l 
id 

65  
- 

12000  
-  
- 

675   
-  
- 

1H5G Diode High-et Triode 7-pin O. 5Z 1.4 0.05 Class-A Amplifier 90 0  
0 

-  
90 

- 
114 R. F. Pentode Amplifier 7-pin. B." 6AR 1.4 

1.4 
0.05  
0.05 

Class-A Amplifier 90 2.0 4.5 350000 1025 l 114 
1LA4 Pentode Power Amplifier 8-pin L.  

8-pin L. 
SAD Class-A Amplifier Characteristics same as 1A5G 1LA4  

1LA6 1LA6 Pentagrid Converter 7AK 1.4 0.05 Osc.-Mixer 90 0 45 0.6 0.55 Anode Grid Volts 90 
1LB4 Pentode Power Amplifier 8-pin L. SAD 1.4 0.05 Class-A Amplifier 90 -9 90 1.0 5.0 200000 I 925 I - I 12000 I 200 1184 
1LB6GL Heptode Converter 8-pin L. 8AX 1.4 0.05 Osc.-Mixer 90 0  

0 
67.5 2.2 0.4 • Grid No. 4-67.5 v., No. 5-0v. 1LB6GL 

1LC5  
1LC6 

1LCS Triple-Grid Variable-p 8-pin L. 7A0 1A 
1.4 

0.05 R.F. Amplifier 90 45 0.2 1.15 1500000 77 r l l , .._ , - I - I - 
1LC6 Pentagrid Converter 8-pin L. 7AK 0.05 Osc.-Mixer 90 0 351 0.7 0.75 Anode Grid Volts 45 



TABLE VIII - 15-VOLT FILAMENT DRY-CELL TUBES - Continued 

Type Name Base 
Socket 
Connec 
"'I I 

Filament 
Use 

Plate . 
Seeley Volts 

Grid 
Bias 

Screen 
Volts 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

Plate OhmsResist-
ance, 

Transcon- 
iluccrt.a.nros 

,, _ 13 
""' • Factor 

Load 
Resistance 
Ohms 

- 

Power 
Output 

Milliwatts 
Type 

Volts Amps. 

1LD5 Diode Pentode 7-pin L. 6AX 1.4 0.05 Class-A Amplifier 90 0 45 0.1 0.6 950000 
60° - - 1 LD5 

1LE3 Triode Amplifier 8-pin L. 4AA 1.4 

1A 
1.4 

0.05 Class-A Amplifier 90 
90 

0 
-3 - - 

4.5 
1.3 

11200 
19000 

1300 
760 14.5 - - 1 LE3 

1LH4 Diode High-to Triode 8-pin L. 5AG 0.05 Class-A Amplifier 90 0  
0  
0 

-  
90  
90 

-  
0.3 

0.15 240000 275 65 - - 1 LH4 

1LN5 Triple-Grid Amplifier 8-pin L 7A0 0.05 Class-A Amplifier 90 1.2 1500000 750 - - -  
-  
100 

1LN5  
1 N5G  
1N6G 

1N5G Pentode R.F. Amplifier 7-pin O. 5Y 1.4 0.05 Class-A Amplifier 90 0.3 1.2 1 500000 750  
800 

1160  
- 

-  
25000 1N6G Diode-Power-Pentode 6-pin O. 7AM 1.4 0.05 Clan-A Amplifier 90  

90  
85 
90 

-4.5  
0  

-5.0 
-4.5  
0 

90 0.6 3.1 300000 

1P5G Triple-Grid Pentode 5-pin O. 5If 1.4 

1.4 

0.05 R.F. Amplifier 90  
85 
90  
67.5 

0.7 2.3 800000 800 640 - -  

260 
270 

p5G 

05G 

R5 

105G Tetrode Power Amplifier 5-pin O. 6AF 0.1 Class-A Amplifier 
1.2 
1.6  
3.0  
1.4 

7.2 
9.5 

70000 
75000 

1950 
2100 - 

9000 
8000 

11E5 Pentagrid Converter 7-pin BM 7AT  
7AV 

1.4 
1.4 

0.05 Osc.-Mixer 90 1.7 500000 Grid No. 1 100000 ohms 

154 Pentagrid Power Amplifier 7-pin B.'° 0.1 

0.05 

0.05 
  Resistor-Coupled Amp. 

Class-A Amplifier 90 -7.0 67.5 7.4  
1.6 

100000  
600000 

1575  
625 

-  
- 

8000  
- 

270  
- 

IS4 

S5 

15A6GT 

1S5 Diode Pentode 7-pin B. 6AU 

6CA 

1.4 

1.4 

Class-A Amplifier 67.5 0 67.5 0.4 
Resistor-Coupled Amp. 90 0 90 Um" rcoldot 3 mati, g id 10 meg. 1 meg. 50 " 

1SA6GT R.F. Pentode 8-pin O. R.F. Amplifier 90 0 67.5 0.68 2.45 800000  
700000 

970  
665 

-  
- 

-  
- 

-  
- 

1586GT 

1T4  
MGT 

Diode Pentode 7-pin O. 60 

6AR 

1.4 

Ti 

0.05 
Class-A Amplifier 90 0 67.5 0.38 1.45 
Resistance-Coupled Amp. 90 0 90  

45 
Screen resistor 5 meg., grid 10 meg. 1 meg. 110 " 

1SEt6GT 

Triple-Grid Variable-g 7-pin 8. 0 0.05 Class-A Amplifier 90 0 0.65 2.0 800000 750 - - - 174 
1TSGT Beam Power Amplifier 7-pin O. 6AF  

Fig. 6" 

1.4 

1.4 

0.05 Class-A Amplifier  

Class-A Amplifier 

90  

90 

-6.0 90 1.4 6.5 - 1150 - 14000 170 

1291 Uh•f• Twin Tried. •  
8-pin L. 0.22 0 - - 5.2 11350 1850 21 - - 1291 

1293 U.h.f. Triode 8-pin L. Fig. 2" 1.4 0.11 Class-A Amplifier 90 0 - - 4.7 10750 1300 14 - - 1293  

1294 1 R4/ 
1294 U' " °e h f Di d  8-pin L. Fig. 1 14 1.4 0.15 Rectifier Ma. r.m.s. voltage per plate-30 Max. d.c. output current - 340 ;a. 

W e 1299 Uhf Tetrode • " 
8-pin L. 686 1.4 0.22 Class-A Amplifier 135 -6 90 0.7 5.7 - 2332002050 1_3000 12:9501 

CK501 Pentode Voltage Amplifier 5-pin P.° 6X 1.25 0'033 Class-A Amplifier 
30 
45 

0 
-1.25 

30 
45 

0.06 
0.055 

0.3 
0.28 

1000000 
1 500000 

_-- _0.5 

CK502 Pentode Output Amplifies 5-pin P.° 6X 1.25 0.033 Class-A Amplifier 30 0 30 0.13 0.55 500000 400 - 60000 3 CK502 

CK503 Pentode Output Amplifier 5-pin P. 6X U5 0.033 Class-A Amplifier 30 0 30 0.33 1.5 150000 600 - 20000 6" CK503 

CK504 Pentode Output Amplifier 5-pin P."  

5-pin P." 

6X 1.25 0.033 lass-A Amplifier 30 -1.25 30 0.09 0.4 500000 350 - 60000  

- 

3'  

- 

CK504  

K5°5  
HY113 

CK505 Pentode Voltage Amplifier 6X 0.625" 0.03 lass-A Amplifier 
30 
45 

0 
-1.25  
-4.5 

30 
45  
- 

0.07 
0.08  
- 

0.17 
0.2 
0.4 

1100000 
2000000  
25000 

140 
150 - 

HY113  

HY115 

Triode Amplifier 5-pin P., 5K I  

5K 

1.4 

1.4 

0.07 lass-A Amplifier 45  
45 
90 

250 6.3 40000 6.5 

Pentode Voltage Amplifier 5-pin P." 0.07 lass-A Amplifier -1.5 
-1.5 

22.5 
45 

0.008 
0.1 

0.03 
0.48 

5200000 
1 300000 

58 
270 

300 
370 - -- HY115 

HY125 

RK42  
RK43 

Pentode Power Amplifier 5-pin P.« 5K 1.4 0.07 Class-A Amplifier 45 
90 

-3.0 
-7.5 

45 
90 

0.2 
0.5 

0.9 
2.6 

825000 
420000 

310 
450 

255 
190 

50000 
28000 

11.5 
90 HY125 

Triode Amplifier .1-pin S. 4D 1.5 0.6 Class-A Amplifier Char« eristics same as Type 30-Table VI RK42  
RK43 Twin Triode Amplifier 6-pin S. 6C 13 0.12 Twin Triode Amplifia 135 -3 - - 4.5 14500 900 13 - - 

I Refer to Receiving Tube Diagrams. 
M.- medium; S. - small; O. - octal; L. - loktal. 
Grid bias obtained from 90-volt "B" supply through self-biasing resistor. 
Obtained from 90-volt supply through 70,000-ohm dropping resistor. 

e Per tube. Values to latof diagonal line for no-signal condition; values to 
right are with signal. 

'Special miniature 5-pin peanut base. Also available with small-
shell octal base. 

7 With 5-megohm grid resistor and 0.02-”Fd. grid coupling con-
denser. 

No screen connection. 

9 Through series resistor. Screen voltage must be at leas 10 volts 
lower than oscillator anode. 

"Special 7-pin "button" base, miniature type. 
II Two tubes connected in series for 1.4-volt operation. 
.9 Internal shield connected to pin 1. 
19 Voltage gain. "See Supplementary Base Diagrams. 



TABLE IX -HIGH-VOLTAGE HEATER TUBES 

TYPe Name Base , 
Socket 
Connec- 
tuons' 

Heater 
Use 

Plate . 
Sinn" Volts 

Grid 
Bias 

Screen 
Volts 

Screen 
Current 
Ma. 

Plate 
Current 
Ma. 

-.. mate Rule. 
__,.., d ms 
•••`• 

Trans-
condud- co:: 

Micromhos 

Amp. 

- 
Face_ 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type 
 Volts Amps. 

12A5 Pentode Power Amplifier 7-pin M. 7F 12.6 
6.3 

0.3 
0.6  
0.5  
0.3 

Class-A Amplifier 

Class-As Amplifier 
  180 

100 
  180 

-15 
-25 

100 
180 

3/6.5 
8/14 

17/19 
45/48 

50000 
35000 

1700 
2400 

- 
- 

4500 
3300 

0.8 
3.4 12A5 

12A6 Beam Power Amplifier 7-pin O. 7AC 12.6 250 -12.5 250 3.5 30 70000 3000 - 7500 3.4 12A6 
12A7 Rectifier-Amplifier' 7-pin M. 7K 12.6  

12.6 
Class-A Amplifier 135 -13.5 135 2.5 9.0 102000 975 100 13500 0.55 12A7 

12A8GT Pentagrid Converter 8-pin O. 8A 0.15  
0.15 

Osc.-Mixer Cha acteristic same as 6A8-Table I 12A8GT 
12AH7GT Twin Triode 8-pin O.  

6-pin 0. 
8BE  
6Y 

12.6 Converter and Amplifier Characteristics same as 6AH7GT - Table II I2AH7GT 
12B6M,  
12B7ML 

Diode Triode 12.6 0.15  
0.15 

Class-A Amplifier  
Class-A Amplifier 

250 - 2.0 - - 0.9 91000 1100 100 - - 1266M 
Pentode Amplifier 8-pin O. 8V 12.6 250 - 3.0  

- 1 
100 2.6 9.2 800000 2000 - - -  

- - 

1267ML  

12B8GT 1268GT Triode-Pentode 8-pin O. IT 12.6 0.3 

0.15 
  Class-A Pentode 

Class-A Triode 100 -  
100 

--  
2 

0.6  
8 

73000  
1 70000 

1500  
2100 

110   
360 -   - Class-A Pentode 100 - 3 

12C8 Duplex-Diode Pentode 8-pin O. 8E 12.6 Class-A Amplifier Characteristics same as 668-Table I 12C8 
12E5GT Triode Amplifier 6-pin 0. 60 12.6 0.15 Class-A Amplifier 250 I -13.5 I - I - I 50 I - I 1450 I 13.8 I - I - 12E5GT 
12F5GT Triode Amplifier 5-pin O. 5M  

7V 
12.6 0.15 Class-A Amplifier Characteristics same as 6F5-Table I 12F5GT 

12G7G  
12H6 

Duplex-Diode Triode 7-pin O. 12.6 0.15  
0.15  
0.15 

Class-A Amplifier 250 I - 3.0 l -- I - l - I 58000 I 1200 I 70 - I - 12G7G  
12H6 Twin Diode 7-pin 0. 60  

60 
12.6  
12.6 

Rectifier Characteristics same as 6H6-Table I 
12J5GT  
12J7GT  
12K7GT 

Triode Amplifier  
Pentode Voltage Amplifier 

6-pin 0. Class-A Amplifier Characteristics same as 6.15-Table I 12J5GT 
7-pin O. 7R 12.6 0.15 Class-A Amplifier Characteristics same as 6.17-Table I I 217GT 

Remote Cut-off Pentode 7-pin O. 7R  
8K 

12.6 0.15 R.F. Amplifier Characteristics same as 6K7-Table I 12K7GT 
12K8 Triode Hexode Converter 8-pin 0. 12.6 0.15  

0.15 
Osc.-Mixer  
Class-C Amplifier 

Characteristics same as 6K8-Table I 12K8 
1207GT Duplex-Diode Triode 7-pin 0. 7V 12.6 Characteristics same as 607-Table I 1207GT  

12SA7 125A7 Pentagrid Converter 8-pin O. 8R 12.6 0.15 Osc.-Mixer Characteristics same as 65A7-Table I 
125C7 Twin Triode 8-pin O. as 12.6 0.15 Class-A Amplifier Characteristics same as 6SC7 - Table I 12SC7  

12SF5  
12SF7 

125  
127 

High-1r Triode 6-pin O. 8P 12.6 0.15 Class-A Amplifier Characteristics same as 6SF5 - Table I 
Diode Variable-u Pentode 8-pin O. 7AZ 12.6 0.15 Class-A Amplifier Chararteristics same as 6SF7 - Table I 

12SG7  
125H7 

Triple-Grid Variable-rr 8-pin O. BBC 12.6  
12.6 

0.15 Class-A Amplifier Characteristics same as 6SG7 - Table I I 2SG7  
I 2SH7 H-F Amplifier Pentode 8-pin O.  

8-pin O. 
8-s- 7e-d -s. 

86K 0.15 H-F Amplifier Characteristics same as 6SH7 - Table I 
12517 Pentode Voltage Amplifier 8N 12.6 0.15 Class-A Amplifier Characteristics same as 65.17-Table I I 25.17 
125K7 Remote Cut-off Pentode 8N • 12.6 0.15 R.F. Amplifier Characteristics same as 651(7-4able I 1251(7 
125L7GT  
125N7GT 

Twin Triode  
Twin Triode 

8-pin O. BBD 12.6 0.15 Class-A Amplifier Characteristics same as 6SL7GT-Table II I 2SL7GT 
8-pin O. BBD 12.6 0.3 Class-A Amplifier Characteristics same as 6SN7GT-Table il 12SN7GT 

12507  
125R7 

Duplex-Diode Triode  
Duplex-Diode Triode 

8-pin 0. 80 12.6 0.15 Class-A Amplifier Characteristics same as 6507-Table I 12507 
8-pin 0. 80 12.6 0.15 Class-A Amplifier Chsracteristics same as 6R7-Table I I 2SR7 

14A4 Triode Amplifier 8-pin L. SAC 14'  
14' 

0.16 Class-A Amplifier Charachristics same as 7A4-Table III 14A4  
14A5 14A5 Beam Power Amplifier 8-pin L.  

8-pin L. 

6AA  

8V 

BAC  
8W 

0.16 Class-A Amplifier 250 I -12.5  

- 3.0 

250  l 

100 I 

3.5/5.5 

2.6 

30/32 I 70000 l 3000 -  

- 

7500 2.8 
14A7/ 
1267 Triple-Grid Variable-rr 14' 

14 

0.16 

0.16 

Class-A Amplifier 250 l 9.2 l 800000 l 2000 - - 14A7/ 
12in 

14AF7 Twin Triode 8-pin L.  
8-pin L.  
8-pin L. 

Class-A Amplifier 250 I -10 I - - 9 I 7600 2100 I 16 - - 14AF7 
1466 Duplex-Diode Triode 14' 0.16 Class-A Amplifier Cha acteristics same as 766-Table Ill 1466 
1488 Pentagrid Converter 8X  

6AA  
8V 

14' 0.16 Osc.-Mixer Characteristics same as 768-Table ill 1468 
14C5 Beam Power Amplifier 8-pin L. 14' 0.24 Class-A Amplifier Characteristics same as 6V6-Table I 14C5 
14C7 Triple-Grid Amplifier 8-pin L.  

8-pin L.  
8-pin L. 

14' 0.16 Class-A Amplifier 250 I - 3.0 I 100 • I 0.7 1 2.2 I 1000000 I 1575 - I - I - 14C7 
14E6 Duplex-Diode Triode 8W 14" 0.16 Class-A Amplifier Characteristics same as 7E6-Table Ill 14E6 
14E7 Duplex-Diode Pentode 8AE 14' 0.16 Class-A Amplifier Characteristics same as 7E7-Table III 14E7 



TABLE IX - HIGH-VOLTAGE HEATER TUBES - Continued 

Type Name Base 11 
Socket 
Connec- 
dons' 

11«eiter 
Use 

Plate 
Supply 
Volts 

I id 
p, 

''as 

Screen .creen 
n‘. I Current 

' °'" I Ma. 

Plate 
Current 
Ma. 

Plate 
Resistance, 
Ohms 

Transcon- 
ductance 
Micromhos 

i's' mp. 
actor  

Load . Resistance 
Ohms 

Power 
Output 
Watts 

Type 
Volts Amps. 

14F7 Twin Triode 8-pin L. 8AC 14" 0.16 Class-A Amplifier Characteristics same as 7F7-Table Ill 14F7 
14H7 Triple-Grid Semi-Variable-o 8-pin L. 8V 14' 0.16 Class-A Amplifier 230 I - 2.5 I 150 l 3.5 I 9.5 l 800000 I 3800 I -- I - I - 14H7 
1417  
14N7  
1407 

Triode-Hexed. Converter 8-pin L. 8AR 14' 0.16 Osc.-Mixer Characteristics same as 717-Table ill 1417  
14N7 Twin Triode  

Heptode Pentagrid Converter 
8-pin L.  
8-pin L. 

8AC  
8AL  
8AE 

14' 0.16 Class-A Amplifier Characteristics same as 7N7-Table III 
14'  
14' 

0.16  
0.16 

Osc.-Mixer Characteristics same as 707-Table III 1407 
14R7 Duplex-Diode Pentode 8-pin L. Class-A Amplifier Characteristics same as 7R7-Table III 14R7 
1457 Triode Heptode 8-pin L.  

8-pin L. 
8BL 144 0.16 Osc.-Mixer 250 - 2.0 100  

150 
3  
3.9 

1.8 1 250000 525 - I --- I - - 14S7 
14W7  
20.18GM, 

Pentode 861 141 0.24 Class-A Amplifier 300 - 2.2 10 300000 5800 - I - I - 14W7 
Triode Heptode Converter 8-pin O. 8H 20 0.15 Osc.-Mixer 250 - 3.0 100 3.4 1.5 Triode Plate (No. 6) 100 v. 1.5 ma. 20.18GM 

21A7 

25A6 

Triode Hexode Converter 

Pentode Power Amplifier 

8-pin L. BAR 21 0.16 Osc.-Mixer 250 
150  
135  
100 

- 3.0 
- 3.0  
-20.0  
-15.0 

100 
Tri  

135  
100 

2.8 
de 
8 

L3 
15  

37 

- 
- 

275 
1900 

- 
32 

- 
- - - 21A7 . 

7-pin O. 7S 25 0.3 Class-A Amplifier 35000 2450 85 
90 

4000 2.0 25A6 
25A7G Rectifier-Amplifier, 8-pin O. 8F 25 0.3 Class-A Amplifier 4 20.5 50000 1800 4500 0.77 25A7G 

25AC5G Triode Power Amplifier 6-pin 0. 60 25 0.3 Class-A Amplifier 110 +15.0 - - 45 - 3800 58 2000 2.0 
25AC5G 

2585 

165 Used in dynamic-coupled circuit with 6AF5G driver 3500 3.3 
2565 Direct-Coupled Triodes 6-pin S. 6D  

7S 
25  
25  
25 

0.3  
0.3 

Class-A Amplifier 110 0 110 7 l 45 
45 

11400  I 
- l 

2200 25 2000 2.0 
2566G Pentode Power Amplifier 7-pin O. Class-A Amplifier 95 -15.0 95 4 I 4000 - 2000 1.75 25B6G 
25B8GT Triode Pentode 8-pin O. 8T 0.15  

0.3 
Class-A Amplifier Characteristics sente as 1288GT 25B8GT 

25C6G Beam Power Amplifier 7-pin O. 7AC 25 Class-A Amplifier 135 -13.5 135 3.5/11.5 58/60 9300 7000 ---  
100 

20001  
- 

3.6  
- 

25C6G  

25D8GT 25D8GT 

25L6 

Diode Triode Pentode 

Beam Power Amplifier 

8-pin O. 8AF 25 0.15 Triode Amplifier 100 - 1.0 - - 0.5 91000 1100 
Pentode Amplifier 100  

110 
- 3.0  
- 8.0 

100 2.7 8.5 200000  

10000 
1900 _ _ _ 

7-pin O. 7AC  
7W  
8F 

25 0.3 Class-A Amplifier 110 3.5/10.5 45/48 8000 80 2000 2.2 25L6 
25N6G Direct-Coupled Triodes 7-pin O. 25  

32.5 
0.3  
0.3 

Class-A Amplifier 110 0 110 7 45 11400 2200 25 2000 2.0 25N6G 
32L7GT  
35A5 

Diode-Beam Tetrode, 8-pin O. Class-A Amplifier 110 - 7.5 110 3 40 15000 6000 - 2500 1.5 32L7GT 
Beam Power Amplifier 8-pin L. 6AA 35 0.15 Class-A Amplifier 110 - 7.5 110 3/7 40/41 14000 5800 -- 2500 1.5 35A5 

35L6G Beam Power Amplifier 7-pin O. 7AC 35 0.15 Class-A Amplifier 110 - 7.5 110 3/7 40/41 13800 5800 - 2500 1.5 35L6G 
43 Pentode Power Amplifier 6-pin M. 66 25  

30  
50 

0.3 Class-A Amplifier 95 -15.0 95 4.0 20.0  
52.0 

45000 2000 90 4500 0.90  
2.0  
2.2 

43  
48  
50A5 

48 Tetrode Power Amplifier 6-pin M. 6A 0.4  
0.15 

Class-A Amplifier  
Class-A Amplifier 

96 -19.0 96 9.0 - 3800 - 1500 
50A5  
5006G 

Beam Power Amplifier  
Beam Power Amplifier 

8-pin L.  
7-pin O.  
7-pin O. 

6AA 110 - 7.5 110 4/11 49/50 10000 8200 - 2000 
7AC  
7AC 

50 0.15 Class-A Amplifier 135 -13.5 135 3.5/11.5 58/60 9300 7000 - 2000 3.6 50C6GT 
50L6GT Beam Power Amplifier 50 0.15 Class-A Amplifier 110  

110 
- 7.5  
- 7.5 

110  
110 

4/11  
3.0 

49/50 
40 

- 
- 
15000 

8200 
5800 

82 
80 

2000 2.2 50L6GT 
70A7GT  
70L7GT 

Diode-Beam Tetrode'  
Diode-Beam Tetrode' 

8-pin O. 8AB7 70 0.15 Class-A Amplifier 2500 1.5 
1.8 

70A7GT  
7OL7GT 8-pin O.  

8-pin O. 

8-pin O. 

8AA  

8A0 

70 0.15 Class-A Amplifirr 110 - 7.5 110 3/6 40/43 7500 - 2000 
117L7GT/ 
wit..47ar Rectifier-Amplifier' 

¡toddler-Amplifier' 

117 0.09 Class-A Amplifier 105 

100 

- 5.2 105 4/5.5 43 17000 5300 - 4000 0.85 17L7GT/ 
17M7GT 

117N7GT 8AV  
8AV 

117  
117 

0.09  
0.09 

Class-A Ampliker - 6.0 100 5.0 51 16000 
17000 

7000   
5300 

- 
- 

3000 
4000 

1.2 
0.85 

II7N7GT 
I17P7GT 117P7GT Rectifier-Amplikr 5 8-pin O. Class-A Amplifier 105 - 5.2 105 4/5.5 43 

1284 U.h.f. Pentode 8-pin O. Fig. 46 12.6  
12.6  
12.6  
12.6 

0.15  
0.15 

Class-A Amplifier 250 - 3.0 100 2.5 9.0 800000 2000 - - - 1284 
1629 Electron-Ray Tube 7-pin O. 6RA  

7AC 
Indicator Tube Characteristics same as 6E5-Table IV 1629 

1631 Beam Power Amplifier 7-pin O. 0.45 Class-A Amplifier Characteristics same as 616-Table I 1631 
1632 Beam Power Amplifier 7-pin-0. 7AC 0.6 Class-A Amplifier Characteristics same as 25L6 1632 
1633 Twin Triode 8-pin-O. 8BD  

8S 
25 0.15 Class-A Amplifier Characteristics same as 6SN7GT-Table II 1633 

1634  
1644 

Twin Triode  
Twin Pentode 

8-pin-0. 12.6 0.15 Class-A Amplifier Characteristics same as 65C7-Table I 1634 
8-pin O. Fig. 7' 12.6 0.15 Class-A Amplifier 180 ! - 9.0 ! 190 12.8/4.61 13 I 160000 ! 2150 ! - I 10000 1.0 1644 



TABLE IX - HIGH-VOLTAGE HEATER TUBES - Continued 

Type Nereus Base' 
Socket 
onnec-
bons , 

Heater 

Volts Amps. 
Use 

Plate 
Supply 
Volts 

Grid 
Bias 

Screen 
Volts 

XXD Twin Triode 

28D7 Double Beam 
Power Amplifier 

8-pin L. 

8-pin L 

8AC 

Fig. 12' 

12.6 

28.0 

0.15 Class-A Amplifier 

0.4 Class-As Amplifier 

250 

28 

- 10  
390 10 
180 10 

28" 
280 

Screen 
Current 
Me. 

Plate 
Current 
Ma. 

0.7" 
1.2' 

9.0  
9.0'  
18.5' 

Plate Resist-
ance, Ohms 

Trans-
conduct-

since 
Micomhos 

Amp. 
, Factor 

Load 
Resistance 
Ohms 

Power 
Output 
Watts , 

Type 

2100 16 XXD 
4000" 
60001, 

0.08" 
0.175° 28D7 

1 Refer to Receiving Tube Diagrams. 
1 M.- medium; S.-small; 0. - octal, L. - toktal. 
3 Metal-sprayed glass envelope. 

t Maximum rating, corresponding to 130-volt line 
condition; normal rating is 12.6 v. for 117-v. ¡ne. 

For rectifier data, see Table XIII. See Supplementary Base Diagrams. 

TABLE X -SPECIAL RECEIVING TUBES 

'6.3-volt pilot lamp must be connected between pins 6 and 7. 
Per sectirn (except heater)- resistance coupled. 
^ P. P. operation -values For both sections, r,sistaneo coupled. 
lu Cathode resistor-ohms. Plate to plate. 

Type Name Base° _ 

4-pin M. 

Socket 
Connec- 
lions , 

Cathode 

Fil. or Heater 

Use 
Plate, 

St11313.1, 
Volts 

Grid 
Bi„ 

Screen 
volts 

,Screen 
Current 
Me. 

Plate 
Current 
Me. 

1.5 

Plate Resist- 
enc. Ohms 

' 

Transcon- 
ductance 
Micromhos 

Amp. 
Factor 

Load 
Resistance 
Ohms 

- 

Power 
Output 
Watts 

- 

Type 
Volts Amps. 

00-A  
01-A 

Triode Detector 4D Fil. 5.0 0.25 Grid Leak Detector 45 - 
- 

30000 666 i 20 00-A  
01-A 

3A4 

Triode Detectc- Amplifier 4-pin M. 4D Fil. 5.0 0.25 Class-A Amplifier 135 - 9.0 - 3.0 10000 800  
1900 

8.0  
___ 

-  
8000 

- 
0.6 
0.7 3A4 Power Amplifier Pentode 7-pin B. 7BB Fil. 

1.4 
2.8 

0.2 
0.1 Clan-A Amplifier 

135 
150 

- 7.5 
- 8.4 

90 
90 

2.6 
2.2 

14.8 
13.3 

90000 
100000 

3A5 

3A8GT 

H.F. Twin Triode 7-pin B. 7BC Fil. kiit 8.1; Class-A Amplifier 90 - 2.5 - 

- 

- 

- 

3.7 8300 

240000 

1800 15 - --- 

- 
---i 
0.2 
ois  
0.24 
0.26   

3A5 

Diode Triode Pentode 8-pin O. 8AS F11. 0 
1.4 0.1  

0.05 
Class-A Triode 90 0 0.15 275 65  

- 
-  
---- 

3A8GT 
2.8 Class-A Pentode 

9° 0  

- 7.° 

90  

67'5 

0.3 1.2 600000 750 

3B5GT Beam Power Amplifien 7-pin O. 7AP Fil.' .1:11 8:705 Class-A Amplifier 
67'5 

0.6 
0.5 

8.0 
6.7 70°°43° 

1650 
1500 - 3000  

8000 
10000 

3B3GT 

3C5GT 

3LE4  

3C5GT Power Output Pentode 7-pin O. 7A0 Fil.' 
1.4 
Li 
0.11550 
815 Class-A Amplifier 90 - 9.0 90 

90 

1.4 

1.8 

6.0 - 1450 - 

3LE4 Power Amplifier Pentode 8-pin L. 6BA 

6BB 

7BA 

Fil. 2.8 0.05  

8:11:* 

Class-A Amplifier  

Class-A Amplifier 

90  

90 

- 9.0 9.0 110000 1600 
- 00..230 

7  

0.23  
0.27 
0.24 

3LF4 Power Pow Amplifier Tetrode . 8-pin L. Fil. 

Fil." 

LI 

L I 

- 4.5 90 1.3 
1.0 

9.5 
8.0 

75000 
80000 

2200 
2000 - 

86% 00 
7000  

70°°0 

3LF4 

304 
304 

305GT 

Power Amplifier Pentode 7-pin O.' 8:11)5 Class-A Amplifier 
9° - 4.3  

- 4.5 

9° 
2.1 
1.7 

9.5 
7.7 
9.5 
7.5 

100000 
120000 

2150 
2000 - 

Beam Power Amplifier 7-pin 0. 7AP 

7BA 

Fil.' 

Fil." 

1:: 

11 

7.5 

815 Class-A Amplifier 90 90 1' 6 
1.0 --1800 2100 

- BM  
0.27 
0.25 3(23GT 

3S4 POVIN Amplifier Pentode 7-pin B." 81 Class-A Amplifier 90 _ 7.0 67.5 1.4 
1.1 

7.4 
6.1 

100000 1575 
1425 

_____ 8000 0.27 
0.235  
1.6 

7s4 

10 10 Triode Power Amplifier 4-pin M. 4D Fil. 1.25 Class-A Amplifier 425 -39.0 - - 18.0 5000 1600 8.0 10200 

11/12 
20 

Triode Detector Amplifier 4-pin M. 4D Fil. 1.1 0.25 Class-A Amplifier 135 -10.5 - - 3.0 15000 440 6.6 - - 11/12 

Triode Power Amplifier 4-pin S. 4D Fil. 3.3 0.132 Class-A Amplifier 135  
135  
180  
180 

-22.5  
- 1.5  
-14.5  
- 3.0 

-  
67.5 

-  
1.3 

6.5  
3.7 

6300 525 3.3 6500 0.11 20 

22  
26 

Tetrode R.F. Amplifier 4-pin M. 4K Fil. 3.3 0.132 R.F. Amplifier 325000 500 160 ---- - 22 

Triode Amplifier 4-pin M.  
4-pin M. 

4D Fil. 1.5 1.05 Class-A Amplifier - 
- 

- 
- 

6.2 7300 1150 8.3 - - 26 

40 Triode Voltage Amplifier 4D Fil. 5.0 0.25 Class-A Amplifier 0.2 1 50000 200 30 - - 40 i. 

4A6G Twin Triode Amplifier 8-pin 0. 81 Fil.' 
41 

2 ' 
0.06 Class-A Amplifier ' 90 - 1.5 --- 

- 
- 2.2 13300 1500 20 - -  

1.0  
4.6 

4A6G 

50 
0.12 Class-B Amplifier 90 0 - 4.6' - - - 8000 

50 Triode Power Amplifier 4-pin M. 4D Fil. 7.5 1.25 Class-A Amplifier 450 -84.0 - - 55.0 1800 2100 3.8 4350 

6AG5 Pentode R.F. Amplifier 7-pin M. 7BD Htr. 6.3 0.3 Class-A Amplifier 

Class-A Amplifier 

250 
100  
250 

200" 
100"  
- 8.5 

150 
100 
- 

2.0 
1.6  
- 

7.0 
5.5  

10.5 

800000 
300000  

7700 

5000 
4750  
2200 

- 
_ 

- _ - 6AG5 

6C4  
6J6 

Triode Amplifier 7-pin B.' 6BG Htr. 6.3 0.15 1.7 - - 6C4 
Twin Triode 7-pin M. 7BF Ht,.  

Fil. 
6.3 
5.0 

0.45 Class-A Amplifier 100 5010 - - 
---i 

8.5 6000 5300 32 - - 6J6 

71-A Triode Power Amplifier 4-pin M. 40 0.25 Class-A Amplifier 180 -43.0 -  20.0 1750 1700 3.0 4800 0.79 71-A 



TABLE X - SPECIAL RECEIVING TUBES- Continued 

Type 

99 
112A 

Name Base, 
Socket 
Connec- 
tions , 

Cathode 
FIL or Heater 

Use 
Plate , 
SuPP.v 
Volts 

Grid was 
"' 

Screen yo, 
'" 

Screen .-Current 
Ma. 

-  
-  

- 

Plate 
Current 
Ma. 

Plate Resist- 

anca, Ohms 

Transcon- 
ductance 
Micromhos 

....,. 
ie"::: 
ee'"' 

Load 
Resistance 
Ohms 

Power 
Output 
Watts 

Type 
Volts Amps. 

Triode Detector Amplifier  
Triode Detector Amplifier 

4-pin S. 4D Fil. 3.3 0.063 Class-A Amplifier 90 - 4.5 --- 
- 

2.5  
7.7 

15500  
4700  

--- 

425  
1800  

1500 

6.6 - - 99 
4-pin M. 4D Fil. 5.0 0.25 Class-A Amplifier 180 -13.5 8.5  

5.0 

-  

____ 

-  

_ 

112A 
1826/ 
482B 

182B/ 482B  
183/ 
483 

Triode Amplifier 4-pin M. 4D 

4D 

Fil. 

Fil. 

Fil.  
Htr. 

5.0 

5.0 

5.0 
3.0 

1.25 

1.25 

Class-A Amplifier 250 -35.0 

-60.0 

- 18.0 

Power Triode 4-pin M. Class-A Amplifier 250 - 

110 

- 25.0 18000 1800 3.2 4500 2.0 183/ 
483 

257  
485 

Power Pentode 5-pin M. 513  
5A 

0.3 Class-A Amplifier 110 -21.5 7.0 20.0 41000 1350 55 6000 0.8 257 
Triode 5-pin S. 1.3 Class-A Amplifier 180  

90 
- 9.0 
- 4.5  
- 3.0 

- - 6.0 9300 1350 12.5 - -  
---  
- 

485  
854  

954 

  955 

956 

864  

954 , 

955 7 

Triode Amplifier 4-pin S. 4D Fil. 1.1 0.25 Class-A Amplifier --- - 2.9 13500 610 8.2 - 

Pentode Detector, Amplifier Special A , 

B' 

Htr. 

Htr. 

6.3 

6.3 

0.15 

0.15 

  Bias Detector  
Class-A Amplifier 

Class-A Amplifier  
  Bias Detector  

Class-A Amplifier 

250 100 0.7 2.0 13 inegohms 1400 2000 - 
250 - 6.0 100 - Plate current to be adjusted to 0.1 ma. with no signal 

  955 

956 

- 
-   

0.5 
Triode Detectol, 

Amplifier 
Special 

Special 

250 - 7.0 - - 6.3 11400 2200 25 -   
Oscillator 180 -35.0  

- 3.0 
-  
100 

-  
2.7 

7.0 D.C. Grid Current App. 1.5 ma. - 

956 r 

957' 

  R.F. Amplifier 
Triple-Grid Variable-g 

  R.F. Amplifier 
A 7 Htr. 6.3 0.15 

R.F. Amplifier 250 6.7 700000 1800 1440 - - 
Mixer 250 -10.0 100 - - Oscillator peek volts-7 min. 

Triode Det., Amp., Om Special C 7 Fil. 1.25 0.05 Class-A Amplifier 135 - 5.0 - - 2.0 20800 650 13.5 -- -  
- 

957  
958 958 r Triode A.F. Amp., OSC. Special C 7 Fil. 1.25 0.1 Class-A Amplifier 135 - 7.5 - - 3.0  

1.7 
10000  
800000 

1200 12 ---- 
959 7 Pentode Det., Amplifier  

U.h.f. Triode 

Special D 7 FIL 1.25 0.05 Class-A Amplifier 135 - 3.0 67.5 0.4 600  
- 

480 - - 959 
7E5/1201 8-pin L. Fig. 3"  

Fig. 1"  
Fig. 5" 

Htr.  
Htr.  
Htr. 

6.3 
6.3 
6.3 
1.1 

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. 

Rectifier Max r.m.s. vo tage - 150 Max. d.c. output current-8 ma. 
1204 U.h.f. Pentode 0.15 Class-A Amplifier 250 - 2 100 0.6 1.75 800000 1200 - - -  

-  
- 
-  
- 

  9001 

9002 

1204  
1609  

  9001 

9002 

1609 Pentode Amplifier 5-pin S. 5B Fil. 0.25 Class-A Amplifier 135 - 1.5 67.5 0.65 2.5 400000 725 300 -  
-  
-    
- 

9001 Triple-Grid Detector, 
Amplifier 

7-pin B., 7AS 

7AW 

Htr. 

Hit.  

Htr. 

6.3 

6.3 

0.15 Class-A Amplifier 250 - 3.0 100 0.7 2.0 Over 1 meg. 1400 -  
- Mixer 250 - 5.0  

- 7.0 
100  
- 

Osc. peak voltagb 4 volts 550 
9002 Triode Del., Amp., Osc. 7-pin B., 0.15 Class-A Amplifier 250 - 6.3 I 11400 2200  

1800 
25  
- 9003 

9004 

T'it-Grid Vniable-0 
.F. Amplifier 

7-pin B., 7AS 

E , 

6.3 0.15 Class-A Amplifier  
Mixer 

250 - 3.0 100 2.7 6.7 700000 --  --  
9003  250 -10.0 100 Osc. peak voltage 9 volts 600 

U.h.f. Diode Special Htr 6.3 0.15 Detector Max. a.c. voltage-117. Max. d.c. output current-5 ma. 9004 
9005 U.h.f. Diode Special F' Htr. 3.6 0.165 Detector Max. a.c. voltage-117. Max. d.c. output current-1 ma. 9005 
M54 Tetrode Power Amplifier None' - MI 0.6250 0.04 Class-A Amanita 30 0 30 0.06 0.5 130000 200 26 35000  

- 
0.005  
- 

M54  
M64 M64 Tetrode Voltage Amplifier None' -. Fil. 0.62.5m 0.02 Class-A Amplifier 3.)  

30 
0 
0 

--  
7.0 

- 0.03 200000 110 25 
M74 Tetrode Voltage Amplifier None' ---. Fil. 0.6250 0.02 Class-A Amplifier 0.01 0.02 500000 125 70 - - M74 

XXB Twin Triode 
Frequency Converter 7-pin L Fig. 9" FM, 2/ 

2.8 
/1.4 
3.210 
/1.6 

0.05 
/0.10 
- 
- 

Frequency cerwercerir 90,, 

250" 

0 - - 4.5" 
4.5" 

11200,' 
11200" 

1300" 
1300,, 

I A tit 
.1..0-  .. 

- 
XXB 

_3 _ 1.4" 
1.49 

19000 
1900,0 

7609 
760" 14.5" --- 

XXFM Twin-Diode Triode 8-pin L. Fig. 10" Htr. 6.3 0.3 SpeCial Deted°1 Amplifier 

-1 - -- 1.9 6700 1500 100 - 
- 

- 
- XXFM 1 00'' 0 -.- .--- 1.2 85000 1000 85 

100" - - - 40 - - - - - 

Refer to Receiving Tube Diagrams. 
M.- med ium; S.-small; O. - octal; L. - loktal. 
Cathode terminal is mid-point of filament; use series connection 

with 4 volts, parallel with 2 volts. 
Triodes connected in parallel. 'Idling current, both plates. 
Filament mid-point tap permits series or parallel connection. 

"Acorn" type; miniature unbased tubes for ultrahigh requen-
cies. See Acorn Tube Socket Connections. 

sSpecial 7-pin "button" base, miniature type. 
No base; tinned wire leads. Dimensions 0.36" x 1.10". 

"Intended Far series-parallel operation on 1.4-volt dry cell. 
" See Supplementary Base Diagrams. 
"Both Sections. " Amplifier plate. 

Diode plate (A.C. max. volts per plate). 
Max. D.C. output. "Cathode rests or.ohms. 
Section No. 2 recommended for h.F.o. 
Dry battery operation. 

"Section No. 1. 'Section No. 2. 

Parallel?r is  operation , pins poepreartaion n8 is  & te  n f n 9togetherfor pos. 



TABLE XI-CONTROL AND REGULATOR TULES 

Type Name Base 1 
Socket 
Cennec- 
dons 2 

Cathode 
Fil. or Heater 

Use 
Peak 
Anode 
Voltage 

Max. 
Anode 
Current 1 

Minimum 
Starting 
Voltage 

Operating 
Voltage 

Operating 
Current 

Grid 
Resistor 

Tube Voltage 
Drop 

Type 

Volts Amps. 

0A4G Gas Triode 
Starter-Anode Type 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 0A4G 

1C21 Gas Triode 
Glow-Discharge Type 6-pin 0. 

7-pin O. 

4V • 

5$ 

Cold 

Fil.  
- 

Relay Tube 
125-145 

25 64516 

- - 

73 1C21 
Voltage Regulator 0.1" 180" 55"  

15 2A4G Gas Triode Grid Type 2.5" 2.5 Control Tube 200 100 - - 2A4G  
874 874  

876 
Voltage Regulator 4-pin M. 4S - - Voltage Regulator 1 - - 125 90 10-50 - - 

Current Regulator Mogul - - - Current Regulator' - - - 40-60 1.7 - - 876 

884 Gas Triode Grid Type 6-pin 0. 60 Htr. 

Fitt. 

6.3 0.6 
Sweep Circuit Oscillator 300 300 - -  

- 
2 25000 1 - 884 

Grid-Controlled Recliner 350 300 - 75 25000 1 - 

885 Gas Triode Grid Type 5-pin S.  
Mogul 

5A 2.5 1.4 Same as Type 884 Characteri. ies same as Tyr* 884 885 

886 Current Regulator -  
F" Fil. 

--- --- Current Regulator ' - -  
500 

-  
- 5" 

40-60  
- 

2.05 - - 886 

967 Mercury Vapor Triode 4-pin M. 2.5 5.0 Grid-Controlled Rectifier 2500 - 10-24 967 

991 Voltage Regulator Bayonet" - - - - Voltage Regulator - - 87 55-60 2.0 - - 991 

2050  
2051  
KY21 

Gas Tetrode 8-pin O. BBA Elb. 6.3 0.6 Grid-Controlled Rectifier 650 100  
75 

- 412  
- 412 

-  
- 

- 0.1-10" 8 2050 

Gas Tetrode 8-pin O. 8BA Htr.  
Fil. 

6.3  
2.5 

0.6 
10.0 

Grid-Controlled Rectifier 350 - 0.1-10" 14 2051 

Gas Triode Grid Type 4-pin M. -  Grid-Controlled Rectifier - - - 3000 500 - - KY21 

RK62  
RM208 

Gas Triode Grid Tvoe 4-pin S. 4D Fil.  
HI.  
Fil.  
- 

1.4 0.05 Relay Tube' 45 1.5 - 30-45 0.1-1.5 - 15 RK62 

Permatron 4-pin M. -  
-  

2.5 
3.0 

5.0 Controlled Recliner , 7500 2 1000 - - - - 15 RM208 

RM209  
VR75-30 

Permatron 4-pin M. 10.0 Controlled Rectifier 7 7500"  
- 

5000  
- 

- - - -- 15 RM209 

Voltage Regulator 6-pin O. 4SB  

4SB 

- - Voltage Regulator 105 75 5-30" --- - VR75-30 

OM/ 
VR90-30 Voltage Regulator 7-pin O. - - - Voltage Regulator - - 125 9° 5-3°' - 

0133/ 
VR90-30 

1,8105-30  

VIR150-30  
KYB66 

Voltage Regulator  

Volta Regulator Voltage 

6-pin O.  

6-pin O. 

4SB - - - Voltage Regulator -  

-- 

-  

- 

137  

180 

105 5-30 2 - - YKI05-30 

4SB - - --- Voltage Regulator 150 5-40' - 

- 

- OD3/ 
VR150-30 

Mercury Vapor Triode 4-pin M. F e Fil. 2.5 5.0 Grid-Controlled Recliner 10000 1000 100-150 - - - KY866 

1M.-medium, S. - smallr 
2 Refer to Receiving Tube Diagrams. S In ma. 
1 Not less than 1000 ohms per grid volt; 500,000 ohms max. 
'For use in series with power transformer primary. 
1For 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 rathsg is reduced to 2500. 
'Sufficient resistance must be used in series with tube to limit 

current to maximum current rating. 
1" Refer to Transmitting Tube Diagrams. 

TABLE XII -CATHODE-RAY TUBES AND KINESCOPES 

" At 1000 anode vo b. 
" At 350 anode volts and 0 Grid No. 2 volts. 
" At 650 anode volts and 0 Grid No. 2 volts. 
I2 Candelabra type, double contact. ' Grid. 
" Filament voltage should be applied 2 seconds before using. 
iv Grid tied to piale. i'Megohms. 

Type Name 
Socket 
Connec- 
lions' 

Heater 
Use Size 

Anode 
No. 2 
Voltage 

Anode 
No. 1 
Voltage 

250 

Cut-Off 
Grid 

Voltage 2 

- 60 

Grid 
No. 2 
Voltage 

Signal- 
Swing 
Voltage 

Max. 
Input 

Voltage" 

Screen 
Input 
Power 1 

Deflection 
Sensi wily 5 

Screen 
Persist- 
'nee' 

Pattern 
Color' 

Type 

Volts Amps. 

0.6 

DI Dr Da D4 

2AP1 Electrostatic Cathode-Ray lie 6.3 T°e;:ivi:r naPh 2" 
1000 - - 660 

0.11 0.13  
0.26  

0.23 

Med. Green 2AP1 
500 125  

475 

- 30 - - 0.22 

3AP1/ 
906-P1 
3Ap4/ 

906-P4 

Electrostatic Cathode-Ray 7N • 

14A 

2.5 

6.3 

2.1 

0.6 

Oscillograph 
Television 3" 

1500 -•50 - -  
- 600 10 

0.22 P1 

P4 

Green 

W hite 

Green 

  906-124  

3BP1 

3AP1/ 
906-P1 
3AP4/ 

  906-124  

3BP1 

1000 
600 

285 - 34 - 0.33 0.35 

170 - 20 - - 0.55 0.58 

3BP1 Electrostatic Cathode-Ray Osciliograph 
Television 

311 2000  
1500 

575 - 60 - - 550 - 
0.115 0.155 

Med. 
430 - 45 - - 0.153 0.207 



TABLE XII -CATHODE-RAY TUBES AND KINESCOPES - Continued 

Type 
" 

Name 
Socket 
Connec- 

Heater 
Use Size 

Anode 
No. 2 

Anode 
No. 1 

Cut-Off 
Grid Grid No. 2 Signal- 

Swing Max. 
Input Screen Gaserien Sensitivity & Screen 

 Pattern Type 
limns 1 Volts Amps, Voltage Voltage Voltage s Voltage Voltage Voltage s 

Input 

Power & DI Ds Ds Di 
enc. 5 Colors 

3EP1/ Electrostatic Cathode-Ra y 
. 
11A 6.3 0.6 

oscine:graph 3,, 2000 575 - 60 - -- 0.115 0.154 'Art 3EP1 / 1806-P1 

5AP1/ 
1805-P1 
5AP41 
1 805-P4 

1806431 Television 1500 430 - 45 - - 
330 

0.153 0.205 Green 

5AP1 / 

1803-P1 t Electrostatic Picture Tube 10A 6.3 0'6 
Oscillograph 5., 2000 575 - 35 0.17 0.21 P1 Green 5AP4/ 

1805-P4 
Television 1500 430 - 27 

500 10 
0.23 0.28 P4 

,_, 
White 

5BP1 / 

111°E.P1 Electrostatic Picture Tube 10A 6.3 0.6 
Oscillograph 5., 2000 425 - 35 - - 0.3 0.33 P1 Green 5BP1 / 

51881300p242.-P/P41 5BP4/ 
1802-P4 

Television 1500 310 - 21 - - 
500 10 

0.4 0A4 P4 White 
5HP1 Electrostatic Cathode-Ray 10A 6.3 0.6 OscillograPh 

2000 425 - 43 0.3 0.33 P1 Green 5HPI 
5HP4 

5HP4 5" 1500 310 - 30 500 
0.4 0.44 P4 white 

7AP4 Electromagnetic Picture Tube 5.4.1 2.5 2.1 Television 7" 3500 1000 -67.5 - - -  
  0.4 

2.5  -  
-- 

- P4 White 7AP4 
7CP1/ Electromagnetic Cathode-Ray 6,qz 6.3 0.6 Oscillograph 7" 

7000 1470 - 45 250 -- - med. 7CPI / 
1811-PI  

9AP4/ 
1804-P4 

1811-P1 4000  840  - 45  250 - - - 
G _ 

s 
9AP4/ 

- 
Electromagnetic Picture Tube 6AL 2.5 2.1 Television 9., 7000 1425 - 40 

- - P4 w hite 1804-P4 6000 1225 - 38 250 25 - 10 
9CP4  Electromagnetic Picture Tube  4AF 2.5 2.1 Television 9 7000 --- -110 - 25 - 10  --  

0.136 
0.272 

-- P4 White XP4 
9-IP11. 
1809-P1 

Electrostatic Cathode-Ray Fig.16 n 2.5 2.1 Oscillo graph 9" ME/ 1370 - 90 - 
P1 9JP1/ 

1809-P1 2500 785 - 45 
- 3000 - 

- Green 
12AP4/ Electromagnetic Picture Tube 6AL 2.5 2.1 Television 12" 7000 1460 

- 

---- 
0.19 

- P4 white 12AP4/ 
1803-P4 

1803-P4 
6000 1240 75 250 25 - 10 

12CP4 Electromagnetic Picture Tube 4AF 2.5 2.1 Television 12" 7000  -  -110  -  25  -- P4 White 12CP4 902 Electrostatic Cathode-Ray As 6.3 0.6 Oscillograph 2" 600  150  - 60  - -  
- 
350 

10  

0.22 P1 Green 902 903 w Electromagnetic Cathode-Ray  
Electrostatic 

6AL 2.5 2.1  Oscillograph 9" 7000 1360 -120 250 - - 
5  

10 --- -  P1  Green  903  904 -Magnetic Cathode-Ray C9 2.5 2.1 Oscillograph 5" 4600 970 - 75 250 - 4000 10 0.09 -  
0.23 

PI  
P1 

Green  
Green 

904 903 Electrostatic Cathode-Ray  Ds 
Cathode 

2.5 2.1  Oscillograph 5" 2000 450 - 35 - - 1000 10 0.19 905  907 Electrostatic -Ray Di. 2.5 2.1 Oscillograph 5" Characte istics same as Type 905 - - P5 Blue 907  908 Electrostatic Cathode-Ray 7N 2.5 2.1 Oscillograph 3" Characteristics same as Type 3AP1/906P1 - - P5 Blue  908  Ogg Electrostatic Cathode-Ray Ds 2.5 2.1 Oscillograph 5" Characteristics same Type 905 , - - P2 Blue 909 910 Electrostatic Cathode-Ray 7N 2.5 2.1 Oscillograph 3" 
as 

Characteristics same es Type 906/5AP1 - - P2 Blue  910 911 m Electrostatic Cathode-Rag 7N 2.5 2.1 Oscillograph 3" Characteristics same as Type 906/5AP1 / - - P1 Green 911 912 Electrostatic Cathode-Ray Fs 2.5 2.1 Oscillograph 5" 10000 2000  - 66 250 0.041 0.051 P1 Green 912 913  Electrostatic Cathode-Ray  A9  6.3 0.6  Oscillograph  
- 7000 10 

914 Electrostatic Cathode 
1" 500 100 - 65 - - 250 5 0.07 0.10 P1 Green 913 -Ray G9 2.5 2.1 Oscillograph 9" 7000 1450 - 50  250  - 3000 10  0.073 0.093 P1 Green  914 1800 w Electromagnetic Kinescope  6AL 2.5 2.1 Television 9 6000 1250 - 75 250 25 - 10 - - P3 Yellow 1800  1801 0 Electromagnetic Kinescope Hs 2.5 2.1 Television 5" 3000  450  - 35 - 20 - - P3 Yellow 1801 2002  Electrostatic Cathode-Ray  As  6.3  0.6 Oscillograph 

- 10 
2" 600 120 0.16 0.17 Med. Green 2002 2005 Electrostatic Cathode-Ray Ass 2.5 2.1 TelevIsion 5" 2030 1000 - 35 200 - - 10 J.P 0.56 - - 2005 24-XH Electrostatic Cathode As _ 

-Ray 6.3 0.6 Oscilloscope 2" 600 120 - 60 - - - 10 0.14 016 Short Green 24-XH 

Re Fer to Receiving Tube Diaetams. 
2 For current cut-off. In terms of average center values; should be 

adjustable to 5 50 per cent to take care of individual tubes. 
Control grid should never be allowed to go positive. 

Between Anode No. 2 and any deflecting plate. 
'In mw. sq. cm., max. 

5 in mm. volt d.c. 
°Phosphorescent material used in screen determines persir.tence. 

PI is phosphor of medium persiCence, P2 long, P3 also me-
dium but especially suited For television, P4 same as P3 but 
white, and P5 short persistence for cscillographic use. 

The 911 is ident cal to 906 except or the gun material, which Is 
designed to be especia ly Ire* from magnetization effects. 

'Cathode connec cd to pin 7. 
Refer to Cathode-Ray Tube Base Diagrams. 
" Obsolete type. 
1, See Supplementary Base Diagrams. 



TABLE XIII -RECTIFIERS-RECEIVING AND TRANSMITTING 

See also Table XI-Control and Regulator Tubes 

TYP, 
No. 

BA 

BH 

Neme Base' 
Socket 
Connec-
lions 

Cathode 

Fil. or Heater 

Volts Amps. 

Full-Wave Rectifier 4-pin M. 41 Cold 

Full-Wave Rectifier 4-pin M. 

BR 

024 

1' 

1-V, 

2V3G 

2W3 

2X2 

Half-Wave Rectifier 

Full-Wave Rectifier 

Half-Wave Rectifier 

Half-Wave Rectifier 

Half-Wave Rectifier 

Half-Wave Rectifier 

Half-Wave Rectifier 

2Y2 Half-Wave Rectifier 

2Z2 Half-Wave Rectifier 

5R4GY Full-Wave Rectifier 

574 1 Full-Wave Rectifier 

5U4G - Full-Wave Rectifier 

5V4G Full-Wave Rectifier 

5W4 Full-Wave Rectifier 

5X3 Full-Wave Rectifier 

5X4G Full-Wave Rectifier 

5Y3G Full-Wave Rectifier 

5Y4G Full-Wave Rectifier 

5Z3 Full-Wave Rectifier 

5Z4 , Full-Wave Rectifier 

6W5G 

6X5" 

6Y3 

6Y5 

Full-Wave Rectrer 

Full-Wave Rectifier 

Half-Wave Rectifier 

4-pin M. 

6-pin O. 

4-pin S. 

4-pin S. 

6-pin O. 

5-pin O. 

4-pin M. 

4-pin M. 

4-pin M. 

5-pin M. 

5-pin O. 

8-pin O. 

8-pin O. 

5-pin O. 

4-pin M. 

8-pin O. 

5-pin O. 

8-pin O. 

4-pin M. 

5-pin O. 

6-pin O. 

6-pin O. 

4J 

4.1 

4R 

4G 

Cold 

Cold 

Cold 

Htr. 6.3 

Mex. 
A.C. 

Voltage 
Per Plate 

350 

350 

300 

350 

0.3 350 

Max. 
D.C. 

Output 
Current 
Ma. 

350 

Max. 
Inverse 
Peak 

Voltage 

Max. 
Peak 
Plate 

Current 
Ma. 

Tube drop 80 V. 

Type , 

G 

125 Tube drop 90 y. 

Tube drop 60 v. 

G 

50 

30-75 

50 

1250 

1000 

200 

400 

G 

G  

4G Htr. 6.3 0.3 350 50 V 

68A Fil. 2.5 5.0 2.0 16500 12 V 

4X Fil. 2.5 1.5 350 55 V 

48 Fil. 2.5 1.75 4500 11 7.5 

4P Fil. 2.5 1.75 4400" 

48 Fil. 

57 Fil. 

2.5 

5.0 

51 

5T 

5L 

57 

Fil. 5.0 

1.5 350 

5.0 

V 

V 

50 

2.0 
900's 150 1° 

950" 175 1" 
2800 650 

V 

V 

3.0 450 

Fil. 5.0 3.0 

Htr. 

FIL 

5.0 2.0 

5.0 

250 1250 800 

Same as Type 5Z3 

Same as Type 83V 

1.5 350 I 110 I 1000 - 

4C Fil. 

50 Fil. 

57 Fil. 

50 Fil. 

4C Fit. 

5L Htr. 

6S Htr. 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

6.3 

2.0 1275 30 1- I-
3.0 Same as 523 

V 
V 

V 

V 

V 

2.0 Same as Type 80 

2.0 Same as Type 80 

V 

V 

3.0 500 250 1400 - 

2.0 400 

0.9 350 

0.5 350 

125 

100 

1100 - 

1250 350 

V 

6S H . 6.3 75 

V 
v 
V 

4AC Fil. 6.3 0.7 5000 

Full-Wave Rectifier 6-pin S. 

Half-Wave Rectifier 4-pin M. 

Full-Wave Rectifier 5-pin S. 

Full-Wave Rectifier 6-pin S. 

Full-Wave Rectifier 6-pin O. 

Full-Wave Rectifier 8-pin L. 

6Z3 

6J 

4G 

Htr. 

Fil. 

6.3 0.8 )50 

6.3 0.3 

6Z4 

6Z5 

6ZY5G 

5D Ht,. 6.3 0.5 

6K Htr. 6.3 0.6 

7Y4 

7Z4 Full-Wave Rectifier 8-pin L. 

6S 

5AB 

5AB 

Htr. 6.3 0.3 

Htr. 7.0" 0.53 

Htr. 7.0 12 0.96 

350 

350 

230 

350 

350 

7.5 

50 

14000 100 V 
V 

50 V 

50 

60 

V 

V 

35 1000 150 

60 

450' 100 
325 " 

- 

V 

V 

1250 300 

12A7 Rectifier-Pentode" 7-pin S. 

Half-Wave Rectifier 4-pin S. 

7K Htr. 12.6 0.3 125 

12Z3 

12Z5 

14Y4 

14Z3 

Voltage-Doubling 
Rectifier 

Full-Wave Rectifier 

43 

7-pin M. 

8-pin L. 

7L 

Htr. 

Htr. 

12.6 

12.6 

0.3 250 

0.3 225 

30 

60 

V 

V 

V 

60 V 

5AB 

Half-Wave Rectifier 4-pin S. 

RectiRer-Pentode" 8-pin O. 25A7G 

25X6GT 

4G 

8F 

Htr. 14.0" 

14" 

450" 
0.32 325" 70 1250 210 

0.3 250 60 

V 

V 

Htr. 25 0.3 125 75 V 

Voltage-Doubling 7-pin O. 
Rectifier 

Half-Wave Rectifier 6-oin O. 25Y4GT 

70 Htr. 25 

5AA Hit. 25 

0.15 125 60 V 

0.15 125 75 

25Y5 

25Z3 

Voltage-Doubling &pin S. 
Rectifier 

Half-Wave ?edifier 4-pin S. 

Half-Wave Rectifier 6-Pin O. 

6E Htr. 25 0.3 250 85 

V 

V. 

25Z4 

25Z5 

25Z6 

32L7GT 

4G 

5AA 

Htr. 

Htr. 

25 

25 

0.3 250 

0.3 

Rectifier-Doubler 

Rectifier-Doubler 

Rectifier-Tetrode " 8-pin O. 

6-pin S.  

7-pin O. 

6E 

70 

Htr. 25 0.3 

Htr. 25 0.3 

8F 

35Y4 

35Z3-LT 

35Z4GT 

35Z5G 

35Z6G 

Half-Wave Rectifier 8-pin O. 

Half-Wave Rectifier 8-pin L 

Half -Wave Rectifiez 6-pin O. 

Half-Wave Rectifier 6-pin O. 

5AL Htr. 

32.5 

35" 

0.3 

125 

125 

125 

125 

50 V 

125 V 

100 

100 

500 V 

500 V 

ao 
0.15 235 100 

4Z 

5AA Htr. 

6AD Kb. 

35 

35 

35' 

0.15 250" 100 

700 600 

700 600 

V 

V 

V 

0.15 250 

0.15 125 

Voltage Doubler 6-pin O. 70 35 0.3 125 

100 

100 

110 

V 

V 

- 500 V 
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TABLE XIII -RECTIFIERS-RECEIVING AND TRANSMITTING-Continued 

See also Table XI-Control and Regulator Tubes 

Type 
No. Name Base , 

Socket 
Connec- 
noels , 

Cathode 

Fil. or Heater Max. 
A.C. 

Voltage 
Per Plate 

Max. 
D.C. 

Output 

Current Ma. 

k4 

'''er* Inverse peak 

Vol tar" 

Max. 
Peak 
Plate 

Current 
Ma. 

Type 7 

Volts Amps. 

- - V 40ZSGT Half-Wave Rectifier 6-pin O. 6AD Htr. 40 , 0.15 125 100 

45Z3 Half-Wave Rectifier 7-pin B. SAM Htr. 45 0.075 117 65 350 390 V 

45ZSGT Half-Wave Rectifier 6-pin O. 6AD Htr. 45 , 0.15 125 100 - - V 

50Y6GT Full-Wave Rectifier 7-pin 0. 70 Ht. 50 0.15 125 85 ---- ---- V 

125 150 --- - V 50 0.3 50Z6G Voltage-Doubling 
Rectifier 7-pin 0. 70 Htr. 

65 - - V 50 0.15 117 SOZ7G 
Voltage-Doubling 
Reamer 8-pin O. BAN HI,. 

125 60 - - V 70 0.15 8AA Ht,. 70A7GT Rectifier-Tetrodeu 8-pin O. 
117  

350 
400 
550 

70 - 350 V 
70L7GT Rectifier-Tetrode ,4 8-pin O. 8AA Hit. 70 0.15 

125 
110 
135 

--- -- V 
80 Full-Wave Rectifier 4-pin M. 4C Fil. 5.0 2.0 

7.5 1.25 700 85 ---- ---- V 
81 Half-Wave Rectifier 4-pin M. 48 FU. 

4C Fil. 2.5 3.0 500 125 1400 400 M 
82 Full-Wave Rectifier 4-pin M. 

1400 800 M 
83 Full-Weve Rectifier 4-pin M. 4C Fil. 5.0 3.0   500 

400 

250  

200 1100 - V 4L Htt. 5.0 2.0 83-V Full-Wave Recliner 4-pin M. 

84/6Z4 Full-Wave Rectifier 5-pin S. 5D Htr. 6.3 0.5 350 60 1000 - V 

117L7GT/ 
117M7GT 

Rectifier-Tetrode 14 8-pin O. 8A0 Ht,. 

Htr. 

Hit. 

117 

117 

0.09 

0.09 

117 75 - - V 

350 450 V 117 75 117N7GT RectiRer-Tetrode '4 8-pin O. 8AV   

117 75 350 450 V  117 0.09 117P7GT Rectifier-Tetrodel, 8-pin O. 8AV 

117Z4GT Hall-Wave Rectifier 6-pin O. 5AA Htr. 117 0.04 117 90 350 - V 

235 60 700 360 V 70 Htr. 117 0.075 117Z6GT Full-Wave Rectifier 7-pin 0. 

10 3.25 - -  

- 

5500 600 V 
217-A Half-Wave Rectifier 4-pin J. T-3A 4 Fil. 

7500 600 V 
217-C Half-Wave Rectifier 4-pin J. T-3A 4  

T-4AD 4 

Fil. 

Fil. 

10 3.25 - 

-  

-  

- 

250" 10000 1000 m 2.5 5.0 Z225 17 Half-Wave Rectifier 4-pin M. 

10000 1500 V 350  

125 

Fil. 5.0 10 HK253 Half-Wave Rectifier 4-pin J. T-3A 4 
5000 500 M T-4AD, Fol. 2.5 2.0 816 Half-Wave Rectifier 4-pin S. 

836 Half-Wave Rectifier 4-pin M. T-4AD 4 His. 2.5 5.0 - - 5000 1000 V 

Fil. 

Fil. 

2.5 

5.0 

5.0 

5.0 

-  

-  

1250 

250 " 

- 

10000 1000 M 
866A/866 Half-Wave Rec.ifier 4-pin M. T-4AD 4 

8500 1000 M 
8668 Hell-Wave Rectifier 4-pin M. T-4AD , 

250, - - m Fil. 2.5 2.5 8661r. Hail-Wave Rectifier 4-pin M. 4B 

HY866Jr. Half-Wave Rectifier 4-pin M. T-4AD , His. 2.5 3.0 1250 250' 3500 - M 

RK866 Half-Wave Rectifier 4-pin M. T-4AD , Fil. 2.5 5.0 - 250" 10000 1000 M 

T-4AD 4 Fil. 2.5 2.0 1750 250 5000 500  M 
871 Half-Wave Rectifier 4-pin M. 

078 11 Half-Wave Rectifier 4-pin M. T-4AD 4 Fil.  

Fil. 

2.5  

2.5 

5.0  

1.75 

7100 

2650 

5 

7.5 

20000 - V 

7500 100 V 
87911 Half-Wave Rectifier 4-pin S. T-4AD« 

872A/872 Half-Wave Rectifier 4-pin J. T-3A 4 Fil. 5.0 7.5 - 1250 

1500 

130 

10000 5000 M 

15000 6000 M Fil. 5.0 10.0 -- 975A Half-Wave Rectifier 4-pin J. T-3A 4 
5500 800 V 

1616 Half-Wave Rectifier 4-pin M. T-4AD , Fit. 2.5 5.0 - 

-- 1250 10000 5000   M 
8008 Half-Wave Rectifier 4-pin" Fig. 911 Fil. 5.0 7.5 

8013 Hall-Wave Rectifier 4-pin M. T-4AD , Fil. 2.5 5.0 - 20 40000 153 V 

1.25 0.2 - 2.0 10000 7.5 V 
8016 Half-Wave Rectifier 6-pin O. Fig. 181' Fil. 

7.5 2.5 1250 200 14 3500 600 V 
RK19 Full-Wave Rectifier 4-pin M. T-3A 4 His. 

T-4AD 4 Hr. 2.5 4.0 1250 200 1, 3500 600 V 
RK21 Half-Wave Rectifier 4-pin M. 

RK22 Full-Wave Rectifier 4-pin M. T-4AG 4 Htr. 2.5 8.0 1250 200 1, 3500 600  V  

RK60 Full-Wave Rectifier 4-pin M. T-4AG 4 Fil. 5 3.0 750 250 2120 - V 

5 Refer to Receiving Tube Diagrams. 
M.-medium; S.-small; 0.-octal; L.-loktal; 1.-iumbe 

B.-butt,n. 
Metal tube series. 

'Refer to Transmitting Tube Diagrams. 
0Types 1 and 1-V interchangeable. 
' With input choke of at least 20 henrys. 
M.-Mercury-vapor type; V.-high-vacuum type; G.-Gas-

eous Type. 
1 Tapped For pilot lamps. 
Per pair with choke input. 

»Condenser input. 
11 For use with cathode-ray tubes. 
11 Maximum rating, corresponding to 130-volt line condition; 

normal rating is 12.6 v. For 117-v. line. 
1,1 With 100 ohms min. resistance in series with plate; without 

series resistor, maximum r.m.s. plate rating is 117 volts. 
1, For other data, see Table IX. 
See Supplementary Base Diagrams. 

1 Same as 872A/872 except for heavy-duty push-type base. 
Fil, connected to pins 2 and 3, plate to top cap. 

1, Same as 872A/872 except For small envelope. 
ix Choke input. 
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TABLE XIV - TRIODE TRANSMITTING TUBES 

Type 

Max. 
Plate 

DissIpa. 
ticn 
Watts 

RK24**  
6J6,  

HTII4135*** 

1.5 
1.5 

1.75 

3A5 , 2.0 

HY24• 5 2.0 

Cathode 

Volts 

2.0 
6.3 

1.4 

1.4 
2.8 

2.0 

Amps. 

Max. 
Plate 

Voltage 

0.12 
0.,!5 

180 
150 

0.155 180 

0.22 
0.11 135 

Max. 
Plate 

Current 
Me. 

20 
30-

12 

30 

Max. 
D.C. 
Grid 

Current 
Ma. 

6.0 

Amp. 
Factor 

8.0 
16 

2.5 

5.0 

32 

12 

15 

In erelectrode 
Capacitances (pad.) 

Grid 
to 
Fil. 

3.5 
2.2 

1.0 

0.9 

0.13 

RK33*" 
2C22 

HY615*** 

HY6.15GTX* 

2.5 
3.5 

2.0 
6.3 

0.12 
0.3 

3.5 6.3 0.175 

180 20 

250 
500 

20 

300 

4.5 

6.0 

9.3 

10.5 
20 

2.7 

3-2 , 
2.2" 

20 

3.5 6.3 0.3 

6C4  
1626  
RK34*** 7 

à 205D 
o 

5.0 
5.0 

10 

6.3 
12.6 
6.3 

0.15 
0.25 
0.8 

250 

300 
250 
300 

20 

25 
25 
80 

4.0 

4.0 

8.0 
8.0 

20 

20 

20 

17 
5.0 

13 

1.4 

3.8 

1.8 
3.2 
4.2 

Grid 
to 

Plate 

Plate 
to 
Fil. 

Socket 
Base Connec-

tions , 

5.5 
1.6 

1.3 

3.0 
0.4 

1.0 

4-pin S.  
7-pin M. 

5-pin O. 

3.2 

5.4 

3-2 , 
3.6 

1.6 

2.7 

1.6 
4.4 
2.7 

14 4.5 1.6 400 

843 

RK59 

HY75 *5 

15 2.5 2.5 450 

15 6.3 1.0 

15 

1602 15 

6.3 

7.5 

2.5 

1.25 

841 15 

10 
RK10 " 

RK100 

1608 

310 

801-A/801* 

15 

15 

20 

20 

20 

7.5 

7.5 

1.25 

1.25 

6.3 

2.5 

0.9 

2.5 

7.5 1.25 

7.5 

HY801-A 
/801 • 

720 *6 

20 7.5 

1.25 

1.25 

20 7.5 1.75 

500 

450 

450 

450 

450 

150 

425 

600 

600 

600 

750 

50 

40 

90 

100 

60 

60 

65 

250 

95 

70 

70 

10 

7.5 

25 

20 

15 

20 

15 

70 

85 

100 

25 

15 

15 

15 

25 

7.2 

7.7 

25 

10 

8.0 

30 

8.0 

Ho 

20 

8.0 

8.0 

8.0 

20 

5.2 

4.0 

5.0 

1.8 

4.0 

4.0 

3.0 

23 

8.5 

4.0 

4.5 

4.5 

4.8 

4.5 

9.0 

7.0 

7.0 

8.0 

19 

9.0 

7.0 

6.0 

6.0 

1.0 

2.3 

2.5 
0.7 

1.2 

3.0 

1.3 
3.0 
0.8 

3.3 

4.0 

1.0 

0.95 

3.0 

3.0 

4.0 

3.0 

3.0 

2.2 

1.5 

1.5 

7-pin B. 

T-4B  
713F"  

T-8AC 

7BC 

Typical Operation 

Class-C Amp.-Oscillator 
Class-C Amp. (Telegraphy) 
Class-C Amp.-Oscillator 
Class-C Amp:Plate-Mod. 

Class-C Amp.-Oscillator 

4-pin S. 

7-pin S. 
8-pin 0 

5-pin O. 

6-pin O. 

7-pin B.  
8-pin O.  
7-pin M.  

4-pin M. 

5-pin M. 

4-pin M.  

5-pin O. 

4-pin M. 

4-pin M. 

4-pin M. 

6-pin M. 

4-pin M. 

4-pin M. 

4-pin M. 

4-pin M. 

T-413 

T-70A  
4AM"  

T-8AG 

T-BAD 

6BG"  
7-BAD  
7-7DC  

T-4B 

T-513 

T-4D  

T-8AC 

T-48 

T-48 

T-413 

T-613 

T-48 

T-4B 

T-4B 

T-4B 

4.9 5.1 0.7 4-pin M. 7-4BB 

Class-C Amp. (Telegraphy)  
Class-C Amp. (Telephony)  
Class-C Amp.-Oscillator  
Class-C Amp. (Telegraphy)  
Class-C Amp-Oscillator  
Class-C Amp. Plate-Mod.  
Class-C Amp. (Telegraphy)  
Class-C Amp. (Telephony)  
Class-C Amp.-Osciilator  
Class-C Amp:Oscillator  
Class-C Amp.-Oscillator  
Class-C Amp.-Oscillator  
Class-C Amp. (Plate-Mod.)  
Class-C Amp.-Oscillator  
Class-C Amp. (Plate-Mod.)  
Class-C Amp-Oscillator  
Class-C Amp.-Oscillator  
Class-C Amp. Plate-Mod.  
Class-C Amp. (felegraphy)  
Class-C Amp. (felephonY)  
Class-C Amp. (Telegraphy)  
Class-C Amp. (felephony)  
Class-C Amp. (felegraphy)  
Class-C Amp. (felephony)  
Class-C Oscillator 10  
Class-C Amplifier"  
Class-C Amp. (Telegraphy)  
Class-C Amp. (Telephony)  
Class-C Amp. (Telegraphy)  
Class-C Amp. (Telephony)  
Class-C Amp. (Telegraphy)  
Class-C Amp. (Telephony)  
Class-C Amp. (Telegraphy)  
Class-C Amp. (Telephony)  
Class-C Amp. (Telegraphy)  
Class-C Amp. Plate-Mod. 

Plate 
Voltage 

Grid 
Voltage 

180 
150 
180 
180 

- 45 
- 10 
- 30  
- 30 

Plate 
Current 
Ma. 

16.5 
30 
12 
12 

D.C. 
Grid 

Current 
Ma. 

6.0 
16 

Approx. 
Grid 

Driving 
Power 
Watts ,' 

Approx. 
Carrier 
Output 
Power 
Watts 

Type 

0.5 
0.35 
0.15 
0.3 

2.0 
3.5 
1.6" 
1.611 

1.5 
1.5 

RK24 
6.16 

HTI148 

135 - 20 30 5.0 

180 
180 
250 

- 45 
- 45 
- 60 

20 
20 
20 

4.5 
4.5 
6.0 

0.2 

0.2 
0.3 
0.54 

2.0 

2.7 
2.5 
3.5 

3A5 

HY24 

RK33 
2C22 

4.0 1, 
4.0" 
3 
3 
5.5 
4.0 

300 
300 
250 
250 
300 
250 
300 
400 
350 
450 
350 
500 
450 
450 
450 
350 
450 
350 
450 
350 
110 
110 
425 
350 
600 
500 
600 
500 
600 
500 
750 
750 

- 35  
- 35  
- 30 
- 30 
- 27  
- 70 • 
- 36  
-112  
-144  
-140  
-150 
- 60 
- 60 
- 60 
-115 
-135 
- 34 
- 47 
-100 
-100 

- 90 
- 80 
-150 
-190 
-150 
-190 
-200 
-200 
- 85 
-140 

20 
20 
20  
20 
25 
25  
80 
45  
35  
30 
30 
90 
100 
80 
55 
45 
50 
50 
65 
50 
80 

185 
95 
85 
65 
55 
65 
55 
70 
60 
85 
70 

1.4 
2.0 
2.0 
2.5 
7.0 
5.0 

20 
10 
10 
5.0 
7.0 
14 
1.5 
20 
15 
15 
15 
15 
15 
12 
8.0 

40 
20 
20 
15 
15 
15 
15 
15 
15 
18 
15 

0.4  
0.75 
0.2  
0.4  
0.35 
0.5  
1.8  
1.5  
1.7  
1.0  
1.6  
1.3  
1.5  
2.5  
3.3  
3.  
1.8  
2.0  
12  
2.2  

2.1  
3.0 
3.0 
4.0 
4.5  
4.0 
4.5  
4.0 
4.5  
3.6 
3.6 

16 
10 
7.1 
7.5 
5.0 

32 
21 ,, 
16" 
13 

HY615 

HT615GTX 

6C4 
1626 
RK34 

205D 

843 

RK59 

8.0 
15 
11 
19 
12 
3.5 

12 
27 
18 
25 
18 
25 
18 
30 
22 
44 
38 

HY75 

1602 

841 

10 
RK10 

RK100 

1608 

310 

801-A/801 

HY801A 
/801 
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TABLE XIV - TRIODE TRANSMITTING TUBES - Continued 

Type 

Max. 
Plate 

Dissipa- 
tien 
w atts 

Cathode 
Max. 
Plate 

Voltage 

Max. 
Plate 

Current 
Ma. 

Max. 
D.C. 
Gild 

Current 
M a. 

Amp. 
Factor 

In erelectrode 
Capacitances (pidcl.) 

Base 1 

4-pin M. 

Socket 
Connec- 
lions , 

Typical Operation 
Plate 

Voltage 

Grid 

Voltage 

Plate 
Current 
Ma • 

D'C' 
Grid 

Current 
Ma. 

Approx. 
Grid 

Driving 
Power 
Watts , 

3.75 

Approx. 
Carrier 
Output 
Power 

 watts 

Type 

Volts 

• 7.5 

6.3 

Amps. 
Grid 
to 
Fil. 

Grid 
to 

Plate 

Plate 
to 
FIL 

TZ20* 6 20 1.75 

3.0 

750 

750 

85 30 62 5.3 5.0 0.6 T-498 
Class-C Amp. (Telegraphy) 750 - 40 85 28 44 

TZ20 
Class-C Amp. Plate-Mod. 750 -100 70 23 4.8 38 

RK11 *4 

RK12 * 

25 105 35 

40 

20 

100 

7.0 

7'0 

7.0 0.9 4-pin M. T-49B 
Class-C Amp. (Telegraphy) 750 -120 105 21 3.2 55  

38 
RK11 

Class-C Amp. Plate-Mod. 600 -120 85 24 3.7  
5.2  
3.8  
4.0  
5.5 

25 6.3 3.0 750 105 
7'0  

1.7 

0'9 4-Pin M. 7•4813 
Class-C Amp. (Telegraphy) 750 -100 105  

85 
35  
27 

55  
38  
90  
60 

RK12 

HK24 

Class-C Amp. Plate-Mod. 600 -100 

HK24 * 

HY25 * 

25 6.3 3.0 2000 75 30 

25 

25 2.5 0.4 4-pin S. T-4138 
Class-C Amp. (Telegraphy) 2000 -140 56 18 
CJau-C Amp. Plate-Mod. 1500 -145 50 25 

15 
25 7.5 2.25 800 75 55 4.2 4.6 1.0 4-pin M. T-4BB 

Class-C Amp. (Telegraphy) 750 - 45 75 2.0 42  
39 

HY25 
Class-C Amp. Plate-Mod. 700 - 45 75 17 5.0 

Twin 30* " 30 6.0 4.0 

2.25 

1500 85 25 32 1.9 2.0 0.3 

1.0 

4-pin M. 

4-pin M. 

5-pin M. 

T-4DB 
Class-C Amp. (Telegraphy) 1500 -100 150 4  

135 e  
90 

40 e 15 225 
Twin 30 

Class-C Amp. Plate-Mod. 1250 -100  
- 75 

40 6  
25 

15 
2.5 

125 

HY3OZ * 30 6.3 850 90 25 87 6.0 4.85 T-432 
Class-C Amp.-Oscillator 850 58 

HY3OZ 
Class-C Amp. Plate-Mod. 700 - 75  

- 45 

90  

150 

25  

25 

3.5 47 

HY31Z • • 
HY1231Z* 49 

30 6•3 12.6 3'5  1.7 500 150 30 45 

6.5 

5.0 5.5 1.9 T-4D 
Class-C Amp. (Telegraphy) 500 2.5 

3.5 

56 

45 

HY31 Z 
HY12.31Z Class-C Amp. (Telephony) 400 -100 150 30 

3I6A **** 30 2.0 3.65 450 80 12 1.2 1.6 0.8 None , 
Class-C Amp. (Telegraphy) 450 - 

- 
80 12 - 7.5 

316A 
Class-C Amp. Plate-Mod. 400 80 12 - 6.5 

809" 

1623*i 

30 6.3 2.5 1000 125 - 50 5.7 6.7 0.9 4-pin M. 1-4BB 
Class-C Amp. (Telegraphy) 1000 - 75  

- 60 
100 25 3.8 75  

55 
809 

Class-C Amp. Plate-Mod. 750 100 32 4.3 

30 6.3 

7.5 

2.5 

3.25 

1000 

1250 

1250 

100 

80 

25 

25 

20 

15 

5.7 6.7 0.9 4-pin M. T-4813 
Class-C Amp.-Oscillator 1000 - 90  

-125 
100 20 3.1 75  

55 
1623 

RK30 

Class-C Amp. Plate-Mod. 750 100 20 4.0 

RK3O* 4 35 2.75 2.5 2.75 4-pin M. T-4BC 
Class-C Amp. (Telegraphy) 1250 -180  

-200 
90 18 5.2 85  

60 Clans-C Amp. Plate-Mod. 1000  
1250 

80 15 4.5 

800* 

1628 **** 

35 7.5 3.25 80 25 15 2.75 2.5 2.75 4-pin M. T-4BC 
Class-C Amp. (Telegraphy) -175 70 15 4.0 65  

50 
800 

Class-C Amp. Plate-Mod. 1000 -200 70 15 4.0 

40 3.5 

6.3 

3.25 1000 60 15 23 2.0 2.0 0.4 None 4 - 
Class-C Amp.-Oscillator 1000 - 65  

-100 
50 15 1.7 35  

22 1628 Class-C Amp. Plate-Mod. 800 40 11 1.6 
Grid-Modulated Amp. 1000 -120 50 3.5 5.0 20 

8012 **** 40" 2.0 1000 80 20 18 2.7 2.8 0.35 None e - 

Class-C Amp.-Oscillator 1000 - 90 50 14 1.6 35 
8012 Class-C Amp. Plate-Mod. 800 -105 40 10.5 1.4 22 

Grid-Modulated Amp. 1000 -135 50 4.0 3.5 20 

RK18* 4 40 7.5 3.0 1250 100 40 18 6.0 4.8 1.8 4-pin M. T-4BB 
Class-C Amp. (Telegraphy) 1250 -160 100 12 2.8  

3.1 
95 

RK18 
Class-C Amp. Plate-Mod. 1000  

1250 
-160  
- 80  
- 80  
- 90  
- 90  
- 

80  
100 

13 64 

RK31 

HY40* 

ao 7.5 3.0 1250 

1000 

100 

125 

35 170 7.0 1.0 2.0 

0.9 

4-pin M. 

4-pin M. 

T-4BB 
Class-C Amp. (Telegraphy) 30 3.0 90  

70 
RK31 

Class-C Amp. Plate-Mod. 1000 100 28 3.5 

40 7.5 2.25 25 25 5.8 5.6 T-4913 
Class-C Amp. (Telegraphy) 1000 125 20 5.0 94  

82 HY40 Class-C Amp. Plate-Mod. 850 125  
125 

15 3.5 
Grid-Modulated Amp. 1000 - - 20" 



TABLE XIV - TRIODE TRANSMITTING TUBES - Continued 

Type 

Max. 
Plate 

Dissipa- 
tion 
W atts 

Cathode 
Max. 

Plata Voltage 

1000 

Max • 
Plate 

Current "_ 
'''`• 

Max' D.C. 

Grid Current tiens 
Ma. 

Amp. 
Factor 

Interelectrode 
Capacitances (gad.) 

Basil , 
Socket 
Connec- 

, 
Typical Operation Plate 

Voltage 
Grid 

Voltage 

Plate 

Crtr t 
• 

D.C. 
Grid 
C --4 
Ma. 

Approx. 
Grid 

Driving 
 Power 
Watts 5 

Approx. 
Canier 
Output 
Power 
Watts 

TIM' 
Volta Amps. 

2.5 

Grid 
to 
Fil. 

Grid 
to 

Plate 

Plate 
to 
Fil. 

HY4OZ * 40 7.5 125 30 80 6.2 6.3 1.1' 4-pin M. T-4BB 
Class-C Amp. (Telegraphy) 1000 -27.5 125 25 5.0 94 

HY4OZ Class-C Amp. Plate-Mod. 850 - 30 125 30 7.0 82 
Grid-Modulated Amp. 1000 - 60 - - 20 n 

- 

T40 ' 40 7.5 2.5 1500 150 40 25 4.5 

4.8 

4.8 

5.0 

0.8 

0.8 

4-pin M. T-488 
Class-C Amp.-Oscillator 1500 -140 150 28  

20 
9.0 158 

T40 
Class-C Amp. Plate-Mod. 1250 -115 115 5.25 104 

TZ40 ' 6 40 7.5 2.5 

2.25 

1500 150 45 62 4-pin M. T-4BB 
Class-C Amp.-Oscillator 1500 - 90 150 38 10 165 

=40 

HY57 

Class-C Amp. Plate-Mod. 1250 -100 125 30 7.5  
2.5 

116  
70 

HY57 * 40 6.3 850 110 25 

25 

50 4.9 5.1 1.7 4-pin M. T-4BB 
Class-C Amp. (Telegraphy) 850 - 48 110 15 
Class-C Amp. Plate-Mod. 700 - 45 90 17 5.0 47 
Grid-Modulated Amp. 850 --- 70 - - 

- 
20" 

756 , ao  
ao 

7.5 2.0 850 110 8.0 3.0 7.0 2.7 4-pin M. T-4B Class-C Amplifier 850  
850  
750 

- 110 25 - 756 
825 , 7.5 2.0 850 110 20 20 3.5  

4.9 

8.0  

9.9 

2.7 

2.2 

4-pin M. T-48 Class-C Amplifier -  
-180 

110 20 - - 825 

830 4 40 10 2.15 750 110 18 8.0 4-pin M. T-4B 

- 
  Grid-Modulated Amp.  

Class-C Amplifier 

Class-C Amplifier 110 18 7.0 55 
830 

Grid-Modulated Amp.  
Class-C Amplifier 

1000 -200 50 2.0 3.0 15 
8010-R**** 50 6.3 2.4  

3.25 

1350  

1250 

150 20 30 2.3 1.5 0.07 Special 8010-R  

RK32 *a' 50 7.5 100 25 11 2.5 3.4 0.7 4-pin M. T-4BC Class-C Amp. (Telegraphy) 1250 -225 100 14 4.8 90RK32 
Class-C Amp. Plate-Mod. 1000 -310 100 21 8.7 70 

RK35* 4 50 7.5 4.0 

4.0 

1500 125 20 9.0 3.5 2.7 

3.2 

0.4 

0.2 

4-pin M. T-4BC 
Class-C Amp. (Telegraphy)  
Class-C Amp. Plate-Mod. 

1500 -250 115 15 5.0 120 
RK35 1250 -250  

-180  
-130 

100 14 4.6 93 
Grid-Modulated Amp. 1500  

1500 
37 - 2.0 25 

RK37* 50 7.5 1500 125 35 28 3.5 4-pin M. T-48C 
Class-C Amp. (Telegraphy) 115 30 7.0 122 

RK37 

UH50 

UH51 

Class-C Amp. Plate-Mod. 1250 -150 100 23 5.6 90 
Grid-Modulated Amp. 1500 - 50 50 - 2.4 26  

115  
115  
25 

UH50 ' 50 7.5 3.25 

6.5 

1250 125 25 10.6 2.2 2.6 0.3 

0.3 

4-pin M. T-4BC 
Class-C Amp. (Telegraphy) 1250 -225  

-325 
125 20 7.5 

Class-C Amp. Plate-Mod. 1250 125  
60  
150 

20  
2.0 

10  
3.0 Grid-Modulated Amp. 1250 -200 

UH51 * 50 5.0 2000 175 25 10.6 2.2 2.3 4-pin M. T-4BC 
Class-C Amp. (Telegraphy) 2000 -500 20 15 225 
Class-C Amp. Plate-Mod. 1500 -400 165 20 15  

8.0  
10 

200  
65  
250 

Grid-Modulated Amp. 1500 -400  
-290 

85  
100 

2.0  
25 

HK54 * 50 5.0 

5.0 

5.0 3000 150 30 27 1.9 1.9 0.2 4-pin M. T-48C 
Class-C Amp. (felegraphy) 3000 

HK54 Class-C Amp. Plate-Mod. 2500 -250 100 20 8.0 210 
Grid-Modulated Amp. 2000  

1500 
-150  
-590 

39  
167 

1.5 3.0 28 

HK154 4 50 6.5 1500 175 30 6.7 4.3 5.9 1.1 4-pin M. T-48C 

T-4BC 

  Grid-Modulated Amp. 

Class-C Amp. (Telegraphy) 20 15 200 
H K154 Class-C Amp. Plate-Mod. 1250 -460 170 20 12 162  

28 Grid-Modulated Amp. 1500 -450 52 - 5.0 

HK158 4 50 12.6 2.5 2000 200 40 25 4.7 4.6 1.0 4-pin M. 
Class-C Amp.-Oscillator 2000 -150 125  

105 
25  
25 

6.0  
5.0 

200HK158 
170 Class-C Amp. Plate-Mod. 2000 -140 

304A *5 
30411* 50 7.5 3.25 1250 

1500 

100 25 11 2.0 2.5 0.7 4-pin M. 7-4BC 
Class-C AMP. (Telegraphy)  
Class-C Amp. Plate-Mod. 

1250 -200 100 - - 85  
65 

304A 
3048 1000 -180  

- 60 
100 - - 

356A * 50 5.0 5.0 120 35 50 2.25 2.75 1.0 Special T-41i1D 
Class-C Amp. (Telegraphy) 1500 100 - - 100  

85 
356A 

Class-C Amp. Plate-Mod. 1250 -100 100 35 - 



TABLE XIV - TRIODE TRANSMITTING TUBES - Continued 

Type 

808 

Max. 
Plote 

Dissipa- 
tien 
w ash 

Cathode 
Mex. 
Plate 

Voltage 

Max. pbs 

Current 
k. 
'''s* 

Max. 
D.C. 

Grid Current 
Me. 

Amp. 
Factor 

In erelectrode 
Capacitances (plaid.) 

Bide s 

Socket 

Cll'anar Typical Operation 
Plate 

Voltage 
Grid 

Voltage 

Plate 

Current Ma. 

D .C. 
Grid 

Current 
Ma. '-''' 

Approx. 
Grid 

Driving 
Power 
Watts 

Awns. 
Cutlet 
Output 
Power 
Watts 

TYPe 

Volts Amps. 
Grid 
to 
Fil. 

Grid 
to 

Plate 

Plate 
to 
Fil. 

50 7.5 4.0 1500 150 35 47 5.3 2.8 0.15 4-pin M . 

4-pin M. 

7-4BC 
Class-C Amp. (Telegraphy) 1500 -200 125 30 9.5 140 808 
Class-C Amp. Plate-Mod. 1250 -225 100 32 10.5 105 

834* 50 7.5 3.1 1250 100 20 10.5 2.2 2.6 0.6 T-4BC 
Class-C Amp. (Telegraphy) 1250 -225 90 15 4.5 75 

834 
Class-C Amp. Plate-Mod. 1000  -310  90 17.5 6.5 58 

841A 5 50 10 2.0 1250  
1000 

150 30 14.6 3.5 9.0 2.5 4-pin M. 7-488 Class-C Amplifier   85  85  841A  

841SW  50  10  2.0 150 30 14.6 - 9.0 -  

1.2 

4-pin M. T-4B8 Class-C Amplifier 
-170 

841SW 

T55 ** 55 7.5 3.0 1500 150 40 20 5.0 3.9 4-pin M . 7-4BB 
Class-C Amp. (Telegraphy) 1500 150 18 6.0 170 755 

811 

Class-C Amp. Plate-Mod. 1500 -195 125 15 5.0 145 

811 *5 55 6.3 4.0 1500 150 50 160 5.5 5.5 0.6 4-pin M. 7-4BB 
Class-C Amp. (Telegraphy) 1500 -113 150 35 8.0 170 

Class-C Amp. Plate-Mod. 1250 -125 125 50 11 120 

812" 55 6.3 4.5 1500 

1500 

150 35 29 5.3 5.3 0.8 

2.5 

4-pin M. 

4-pin M. 

T-41313 

T-488 

7-4BB 

  Class-C Amp. Plate-Mod. 

  Grid-Modulated Amp. 

Class-C Amp. (Telegraphy) 1500 -175 150  
125 

25  
25 

6.5  
6.0 

170  
120 

812 
Class-C Amp. Plate-Mod. 1250 -125 

RK51* 60 7.5 

7.5 

3.75 150 40 20 6.0 6.0 
Class-C Amp. (Telegraphy) 1500 -250 150 31 10 170 

Class-C Amp. Plate-Mod. 1250 -200 105 17 4.5  
2.3 

96  
128 

RK51 

Grid-Modulated Amp. 1500 -130 60 0.4 

RK52* 60 3.75 1500 130 50 170 6.6 12 2.2 4-pin M. 

4-pin M.  

Special 

Class-C Amp. (Telegraphy)  
Class-C Amp. Plate-Mod. 

1500 -120 130 40 7.0 135 RK52 
1250 -120 115 47  

- 
8.5 102 

HF60 60 10 2.5 1600 150 -  

40 

20 -- 5.2 - T-4BC  

T-9A 

Class-C Amp.-Ossiilator 1600 -150 - - 100 HF60 

826”. 60 7.5 4.0 1000 125 31 

25 

3.7 2.9 1.4 

Çiess-C Amp.-Oscillator 1000 - 70 125  
94 

35 5.8 86 

826 Class-C Amp. Plete-Mod. 800 - 98 35 6.2 53 
Class-8 Amp. (Telephony) 1000 - 50 65 8.5 3.7 22  

25 Grid-Modulated Amp. 1000 -125 65 9.5 8.2 

8308 
9308 60 10 2.0 1000 150 30 

25 

35 

35 

5.0 11 1.8 4-pin M. 7-4BB 
Class-C Amp.-Oscillator 1000 -110 140  

95 
30 7.0 90 8308 

9308 Class-C Amp. Plate-Mod. 800 -150 20 5.0 50 
Class-B Amp. (Telephony) 1000 - 35 85  

175 
6.0 6.0 26 

HY51 A * 
HY51B* 

.., 
°3 

65 

7.5 
10 

3.5 
2.25 1000 175 25 6,5 7.1) 0,8 4-pin M. 7-4BB 

Class-C Amp. (Telegraphy) 1000 - 75 20  
15 

7.5  
7.5 

131  
104 

HY51 A 
HY518 Class-C Amp. Plate-Mod. 1000 -67.5 150 

Grid-Modulated Amp. 1000 -  
-22.5 

100 - - 33 52 

HY51Z * 7.5 3.5 1000 175 85 

30 

30 

7.9 

1.4 

3.8 
1.9 

7.2 

1.6 

1.9 

0.8 4-pin M. 7-4BE 
Class-C Amp. (Telegraphy) 1000 175  

150 
35  
35 

10  
10  
- 

131  
104  
33 le 

HY51Z Class-C Amp. Plate-Mod. 1000 - 30  
- Grid-Modulated Amp. 1000 100 - 

UH35 *' 70 5.0 4.0 1500 150 0.2 4-pin M. 7-41313 
Class-C Amp. (Telegraphy) 1500 -170 150 30 7.0 170 UH35 
Class-C Amp. Plate-Mod. 1500 -120 100 30 5.0 120 

351* 
357G 70 5.0 4.0 2000 150 35 0.2 d'pin M. 

T-4813 
7-48C 

Class-C Amp. (Telegraphy) 1500 -120  
-120 

150  
100 

30 7.0 170 
357 
35TG 

V70 
V70B 

Class-C Amp. Plate-Mod. 1500 30 5.0 120 

Grid-Modulated Amp. 2000 -400 60  
130 

3.0 3.0 50   

V70 
VTOB 70 10 2.5 1500 140 25 14 5.0 " I 

s, ., 
i'' 

4-pin J. 
4-pin M. 

7-3A8 
T-488  

7-3AB 
T-488 

Class-C Amp. (Telegraphy) 1500 -215 6.0  
6.0 

3.0 
3.0 

140  
120 Class-C Amp. Plate-Mod. 1250 -250 130 

V70A 
V70C 70 10 2.5 1500 140 20 25 5.0 9.5 2.0 4-pin J. 

4-pin M. 
Class-C Amp. (Telegraphy) 1000 -110 140 30 7.0 90  

50 
V70A 
woc Class-C Amp. Plate-Mod. 800 -150 95 20 5.0 



TABLE XIV - TRIODE TRANSMITTING TUBE - Cont 

Type 

Max. 
Plate 

Dissipa- 
tion 
wan, 

Cathode 
Max. 
Plate 

Voltage 

Max • 
Plata 

Current 
Ma• 

Max' D.C. 
Grid 

Current 
Ma. 

Amp. 
Factor 

In arelectrode 
Capacitancas (geld.) 

Base t 
Socket 
Conn«. 
tions , 

Typical Operation Plate 
Voltage 

Grid 
Voltage 

Plate 
Cunent 
Ma . 

D C - Grid ,-...a , 
'''"'""' Ma. 

Approx. 
Grid 

Driving 
Power 
Watts 

Approx. 
Carrier 
Output 
Power 
Watts 

TYPO Volts Amps. 
Grid 
to 
Fil. 

Grid 
to 

Plate 

Plate 
to 
Fil. 

1.75 V7OD 70 10 

5.0  

3.0 

6.0  

1500 

3000 

165 

100  

40 20 4.5 4.5 4-pin M. T-4138 Class-C Amp. (Telegraphy) 1500   -200   130   20  6.0   140   
V7OD 

50T 4  75  
Class-C Amp. Plate-Mod. 1000 -140 165 30 7.0 120 

757 * 75 5.0 6.5 3000 

2000  

30  12  2.0 2.0 0.4 4-pin M. T-48C  

T-4BC 

Class-C Amplifier 3000 -600 100 25 - 250  501  

175 30 10.6 2.2 2.3 0.3 4-pin M. 
Class-C Amp. (Telegraphy) 1500 -300 175 30 10 200 

75T 

HF75  

Class-C Amp. Plate-Mod.  1500  -300  175 30  
2.0 

10 200 

HF75* 75 10 3.25  

4.15 

120  -  12.5  -  2.0  -- 4-pin M. T-4BC 
  Grid-Modulated Amp.  

Class-C Osc.-Ama. 
Grid-Modulated Amp.  
Class-C Osc.-Ama. 

1560  
2000 

-400  
-- 

85  
120  
150  
125 

8.0 65 

TW75 * 75 7.5 
- - 150 

2000 175 60 20 3.35 

3.5 

1.5 0.7 4-pin M. T-48C Class-C Amp.-Oscilletcr 2000 -175 37 t2.7 225 
TW75 

HF100 75 10 2.0 1500 150 30 23 

Class-C Amp. Plate-Mod. - 2000 -260 32 13.2 198 

4.5 1.4 4-pin M. T-4BC 

  Grid-Modulated Amp. 

Class-C Amp. (Telegniphy) 1500 -200 150 18 6.0 170 
HF100 Class-C Amp. Plate-Mod.  1250  -250  110 21 8.0 105  

42 111H 75 10 2.25 1500 

1250 

160  

160 

-  23  - 4.6 
Grid-Modulated Amp. 1500 -280 72 1.5 6.0 

ZB120 75 10 2.0 

-- 4-pin M. T-411C lass-C Osc.-Amp. 1500  
1250 

- 160 - -  175  111H  

40 90 5.3 5.2 3.2 4-pin J. T-3AA 
lass-C Amp. (Telegraphy) -135 160 23 5.5 145 

ZB120 

242A 

lass-C Amp. Plate-Mod.  
  Grid 

1000  -150  120  21 5.0 95 

242A 85 10 3.25 1250 

1250 

150 50 12.5 6.5 13 4.0 4-pin J. 

  Grid 

T-3AA 

-Modulated AMP. 
Class-C Amp. h l (Teegrapy ) 

1250  
1250 

-  
-175 

95  
150 

8.0  
- 

1.5  
- 

45   
130 

2840 . 85 10 3.25 
Class-C Amp. Plate-Mod. 1000 -160 150 50 -  100   

150 100 4.8 6.0 8.3 5.6 
4-pin J. +T-3AA 

  Class-C Amp. Plate 
Class-C Amp. (Telegraphy) 1250 -500 150  -  - 125 

284D Class-C Amp. Plate 1000  

8005* , 85 10 3.25 1500 

3000 

200 

165 

45 20 6.4 5.0 1.0 4-pin M. T-4BB 

-Mod. 
Class-C Amp.-Oscillator 1500 

-450  
-130 

150  
230 

50  
32 

-  
7.5 

100  
220 

8005 Class-C Amp. Plate-Mod. 1250 -195 190  
83  

28 9.0 170 
Class-B Amp. (Telephony) 1500  - 80  1.0 5.0  

RK36*' 100 5.0 8.0 35 14 4.5 5.0 1.0 4-pin M. T-4BC 

  Class-B Amp. (Telephony)  

Class-C Amp. (Telegraphy) 2000 -360 150 30 15 
45  
200 

RK36 
Class-C Amp. hon (Telep y ) 2000 -360  

-270 
150 30 15 200 

Grid-Modulated Amp. 2000 72 1.0  3.5  42  
Class-B Amp. (Telephony)  2000  -180  

RK38 ' + 

100TH 

100 

100 

5.0 8.0 3000 165 40 - 4.6 4.3 0.9 4-pin M. T-4BC 

Class-C Amp. (Telegraphy) 2000 -200  
-200 

75  
160 
160 

3.0  
30 

10 
10 

50  
225 

RK38 
Class-C Amp.  (Telephony) 2000 30 10 225 
Grid-Modulated Amp. 2000 -150 80 2.0 5.5 60 

55 Class-B Amp. (Telephony) 2000 -100 75   2.0 2.0 7.0   

5.0 6.5 

6.5 

3000 225 50 30 2.2• 2.0 0.3 4-pin M. 
• 
T-48C•  

Class-C Amp. (Telegraphy) 3000 -210 167 40 18 400 

100TH 
Class-C Amp. Plate-Mod. 3000 -210 167 45 18 400 
Class-B Amp. (Telephony)  3000 - 70 50 2.0 5.0 50 

100TL 100 5.0 

Grid-Modulated Amp. 3000 - 400 70 3.0 7.0 100 

3000 225 35 12 2.0 2.3 0.4 4-pin M. T-4BC 
lass-C Amp. (Telegraphy) 3000 -600 167 30 18 400 

100TL 
lass-C Amp. Plate-Mod. 3000 -600 167 35 18 400 
lass-B Amp. (Telephony) 3000 -280 50 1.0 5.0 50 

Grid-Modulated Amp. 3000 -560 60 2.0 7.0 90 



TABLE XIV - TRIODE TRANSMITTING TUBES - Continued 
_ 

Type 

Max. 
Plate 

Disipa- Dissipa-
tion 
W atts 

Cathode 
Max. 
vP01 ;tat es • 

Max' 
Plate current 

Ma. 

Max. 
D.C. 

Current 
t.Aa. 

Amp. 
Factor 

Intereleottode 
Capacitances (ppfd.) 

Base , 
Socket 
Connec- 
tions ' 

Typical Operation Plate 
Voltage 

Grid 
Voltage 

Plata Current 

D.C. 
Grid 
Came 

' 

35 

Approx. 

Grid Driving 
Power 
Watts , 

20 

Approx. 

Carrier Output 
Power 
Watts 

475 

Type 

HK254 

Volts 

5.0 

Amps. 
Grid 
to 
Fil. 

Grid 
to 

Plate 

Plate 
to 
Fn. 

H K254 100 7.5 4000 200 40 25 3.3 3.4 1.1 4-plis J. T-3AC 

Class-C Amp. (Telegraphy) 4000 -380 120 
Class-C Amp. Plate-Mod. 3000 -290 135 40 23 320 
Class-13 Amp. (Telephony) 3000 -125 51 2.0  

3.0 
3.0  
4.0 

54  
58 Geld-Modulated Amp. 3000 - 51 

RK513.4 100 10 

10 

3.25 1250 175 70 - 8.5 6.5 

10.5 

10.5 4-pin J. T-3A8 
Class-C Amp. (Telegraphy) 1250 - 90 150 30 6.0 130  

100 
42.5 

RK58 Class-C Amp. Plate-Mod. 1000 -135 150 50  
15 

16  
6.0 Class-8 Amp. (Telephony) 1250 - 106 

HF120 
HF125 

100 3.25 111250 175 - 12 - -  
- 

4-pin J.  
4-pin J. 

-  
-  
- 

Class-C Amp.-Oscillator  
Class-C Amp-Oscillator 

1250  
1500 

-  
- 

175 - - 150 HF120 
100 10 3.25 1500 175 - 25 - 11.5 175 - - 200  

150  
130 

HF125  
HF140  

203A 
303A 

HF140 100 10 3.25 1250 175 - 12 - 12.5 - 4-pin J. Class-C Amp.-Oscillator 1250 - 175 -  
25 

-  
7.0 

203A 
303A 100 10 3.25 1250 175 60 25 6.5 14.5 5.5 4-pin J. T-3AA 

Class-C Amp. (Telegraphy) 1250 -125 150 
Class-C Amp. (Telephony) 1000 -135 150 50 14 100 
Class-13 Amp. (Telephony) 1250 - 45 105 3.0 3.0 42.5 

203H 100 10 3.25 1500 175 60 25 6.5 11.5 

14.5 
9.25 

13.6 

1.5 4-pin J. T-3AB 
Class-C Amp. (Telegraphy) 1500 -200 170 12 3.8 200 

203H 

211 
311 
835 

Class-C Amp. (Telephony) 1250 -160 167 19 5.0 160 
Class-8 Amp. (Telephony) 1500 - 48 100 3.0 2.0 52 

211 
311 
835 4 

100 

100 

100 

10 3.25 1250 

1250 

175 50 12 
6.0 
6.0 

7.0 

5.5 
5.0 4-pin J. T-3AA 

T-3AA 

T-3AA 

  Class-13 Amp. (Telephony)  
Class-C Amp. (Telegraphy) 

  Clau-B Amp. (Telephony) 

Class-C Amp. (Telegraphy) 1250 -225 150 18  
35 

7.0 
14  
7.5 

130  
100  
42.5 

Class-C Amp. (Telegraphy) 1000 -260 150 
Class-13 Amp. (Telephony)  
Class-C Amp. (Telegraphy) 

1250 -100 106 1.0 

242B 
342B 10 3.25 150 50 12.5 6.0 4-pin J. 

1250 -175 150 - - 130 
LIC Class-C Amp. Plate-Mod. 1000 -160 150 50 - 100 

Clau-B Amp. (Telephony) 1250 
- 131F1 

- 80 120 - - 50 

242C 10 3.25 

3.25 

1250 150 50 12.5 6.1 13.0 4.7 4-pin J. 
Class-C Amp. (Telegraphy) -175  

-160 
150 - - 130 

242C Class-C Amp. Plate-Mod. 1000 150 50 - 100 
Class-B Amp. (Telephony) 1250 - 90 120  

125 
- - 50 

261A 
361A 100 10 1250 150 50 

50 

12 6.5 9.0 4.0 4-pin J. T-3AA 
Class-C AMP. (Telegraphy)  
Class-C Amp. Plate-Mod.  
Class-13 Amp. (Telephony) 

1250 -175 - - 100 
1000 -160 150 50 - 100 
1250 -100  

-175 
125  
125 

-  
- 

- 50 

276A 
376A 100 10 3.0 1250 125 12 6.0 9.0 4.0 4-pin J. T-3AÁ 

•Clau-C Amp. (Telegraphy) 1250 - 100 
utt 

2848 

Class-C Amp. Plate-Mod. 1000 -160 125 50 - 85 
Class-13 Amp. (Telephony) 1250 -100 125 - - 

- 
50   

125 
2848 100 10 3.25 1250 150 100 5.0 4.2 7.4 5.3 4-pin J. T-3AB 

Class-C Amp. (Telegraphy) 1250 -500  
-430 

150 - 
Class-C Amp. Plate-Mod. 1000 150 50 -  

- 
100  
50 Class-13 Amp. (Telephony)  

Class-C Amp. (Telegraphy) 
1250 -270 120 - 

295A 100 10 3.25 1250 175 
• 

50 

70 

25 

- 

6.5 14.5 5.5 4-pin J. T-3AA 
1250 -125  

-125 
150 - - 125 

295A Class-C Amp. Plate-Mod. 1000 150 50 --- 100 
Class-B Amp. (Telephony) 1250 - 75 105 - - 42.5 

838 
938 

 100 10 3.25 1250 175 6.5 8.0 5.0 4-pin J. T-3AA 
Class-C Amp. (Telegraphy) 1250 - 90 150 30 6.0 130 

81: Class-C Amp. (Telephony) 1000 -135 150 60 16 100 
Class-13 Amp. (Telephony) 1250 0 106 15 6.0 42.5 



TABLE XIV - TR!ODE TRANSMITTING TUBES - Continued 

Type 

852 

8003 

RK57/ 
/805 

7125 * 

HF130  
HF150  
1-1F175  

E GL146 

GL152 

805 
905 

150T  

TW150 

152TL** 0 
112252-1.**6 

HF200 
HV18 

HD203A  
HF250  

HK354' 

HK354C 

Max. 
Plate 

Dissipa-
tion 
Watts 

100 

100 

125 

Cathode 

Volts 

10 

10 

10 

125 

125 
125 
.125 

125 

125 

125 

150 

150 

150 

150 

150 
150 

150 

10 

Amps. 

3.25 

3.25 

3.25 

4.5 

10 
10 
10 

10 

10 

10 

5.0 

10 

5/10 n 

10-11 

10 
10.5 

5.0 

3.25 
3.25 
4.0 

3.25 

3.25 

3.25 

10 

4.1 

13/6.5 

3.4 

4.0 
4.0 

10 

Max. 
Plate 

Voltage 

3000 

1500 

1500 

2500 

1250 
1500 
2000 

Max. 
Plate 

Current 
Ma. 

150 

250 

210 

250 

210 
210 
250 

1500 

1500 

200 

200 

1500 

3000 

3000 

3000 

210 

200 

200 

500 

2500 

2000 
2500 

200 

250 
200 

4000 300 

Max. 
D.C. 
Grid 

Current 
Ma. 

40 

50 

70 

60 

- 
- 

Amp. 
Factor 

12 

12 

25 

12.5 
12.5 
18 - 

60 

60 

70 

50 

60 

75 

50 

60 
- 

50 

78 

25 

40/60 

13 

35 

10 

18 

25 
18 

Interelectrode 
Capacitances (mpfd.) 

Grid Grid Plate 
to to to 
Fil. Plate Fil. 

1.9 

5.8 

6.5 

6.3 

- 
- 
- 

7.2 

7.0 

8.5 

3.0 

3.9 

14 

HK354D 150 5.0 10 4000 300 55 22 

7.0 

5.2 

- 
- 

4.5 

4.5 

2.6 

11.7 

8.0 

6.0 

9.0 
7.2 
6.3 

9.2 

8.8 

6.5 

3.5 

2.0 

5.0 

5.8 

12 
5.8 

3.8 

3.8 

1.0 

3.4 

5.0 

1.3 

- 
- 
- 

3.9 

4.0 

10.5 

0.5 

0.8 

0.4 

1.2 

- 
- 

1.1 

1.1 

Base 2 

4-pin M. 

Socket 
Connec-
tions 1 

Typical Operation 

Class-C Amp. (Telegraphy)  
T-4BC Class-C Amp. (Telephony)  
 Class-B Amp. (Telephony)  

Class-C Amp.-Oscillator  
4-pin J. T-3AB Class-C Amp. Plate-Mod.  

  Class-13 Amp. (Telephony)  
Class-C Amp. (Telegraphy)  

4-pin J. T-3A11 Class-C Amp. (Telephony)  
  Class-B Amp. (Telephony)  

4-pin L T-3AC Class-C Amp. (Telegraphy)  
Class-C Amp. Plate-Mod. 

4-pin J.  -  Class-C Amp.-Oscillator  
4-pin J.  -  Class-C Amp.-Oscillator  
4-pin J.  -  Class -C Amp.-Oscillator 

Class-C Amp.-Oscillator  
T-4BG Class-C Amp. Plate-Mod.  
  Class-B Amp. (Telephony)  

Class-C Amp.-Oscillator  
T-4BG Class-C Amp. Plate-Mod.  
  Class-E1 Amp. (Telephony)  

Class-C Amp. (Telegraphy)  
7-3AB Class-C Amp. Plate-Mod.  
  Class-8 Amp. (Telephony)  
T-3AC  Class-C Amp. (Telegraphy)  
T 3AC Class-C Amp.-Oscillator  
-  Class-C Amp. Plate-Mod.  

T-48F Clam-C Amp.-Oscillator  
  Class-C Amp. Plate-Mod. 

Class-C Amp. (Telegraphy) 
T-3AC Class-C Amp. Plate-Mod.  
 Class-8 Amp. (Telephony)  
T-3AB 
T-3AC 

4-pin GL 

4-pin GL 

4-pin .1. 

4-pin J. 

4-pin J. 

Special 

4-pin J. 

4-pin J. 
4-pin J. 

4-pin J. 

4-pin .1. 

7-3AC 

7-3AC 

Class-C Amplifier 

Class-C Amp.-Oscillator  
Class-C Amp. (Telegraphy)  
Class-C Amp. Plate-Mod.  
Class-8 Amp. (Telephony)  
Grid-Modulated Amp.  
Class-C Amp. (Telegraphy)  
Class-C Amp. Plate-Mod. 

Plate 
Voltage 

Grid 
Voltage 

Plate 
Current 
Ma. 

3000 
2000 
3000 
1350 
1100 
1350 
1500  
1250  
1500  
2500  
2000  
1250  
1500  
2000  
1250  
1000  
1250  
1250  
1000  
1250  
1500  
1250  
1500  
3000  
3000  
3000  
3000  
2500  
2500  
2000  
2500 

-600 
-500 
-250 
-180 
-260 
-110  
-105  
-160  
- 10  
-200  
-215  
-210  
- 

85 
67 
43 
245 
200 
110 
200 
160 
115 
240 
.200 

D.C. 
Grid 

Current 
Ma. 

15 
30 
o 
35 
40 
1.5 

ao 
60 
15 
31 
28 

Approx 
Grid 

Driving 
Power 
Watts , 

Approx. 
Carrier 
Output 
Power 
Watts 

Type 

12 
23 

165 
75 
40 7.0 

852 

11 
15 
8 
8.5 

250 
167 
50 

215 
140 

-  - 

16 
7.5 

11 
10 

57.5 
475 
320 
170 
200 
300 
150 
100 

8003 

RK57/ 
/805 

T125 

- HF130 
HF150 
HF175 

210 
250 
180 
160 
132 
180 
160 
132 
200 
160 
115 
200 
200 
165 
250 
250 
200 
160 

- - 
- 
-150 
-200 
o 

- 
30 
40 

- 
- 

- 
- 
- 

-150 
-200 
- 40 
-105 
-160 
- 10 
-600 
-170 
-260 
-400  
-350  
-300  
-350  
-140 

30 
30 

- 55 
GL146 

150 
100 - 

- 
- 55 

GL152 

40 
60 
15 
35 
45 
40 
30 
35 
18 
20 

90 

8.5  
16  
7.5  
- 
17 
17 
15 
16 

215 
140 
57.5 

450  
470 
400 
610 
500 
380 
250 

805 
905 

150T 

TW150 

- 
8.0 
9.0 
4.0 

2500 
4000 
3000 
3000 
3000 
3500 
3500 

- 
-690 
-550 
-205  
-400 
-490 
-425 

200 
245 
210 
78 
78 
240 
210 

- 
50 
50 
2.0 
3.0 

50 
55 36 

- 
48 
35 
10 
12 
38 

80 
375 
375 
830 
525 
82 
85  

690 
525 

152TL 
HK252-L 

HF200 
HV18 

HD203A  
HF250  

HK354 

HK354C 

HK354D 



TABLE XIV -TRIODE TRANSMITTING TUBES - Continued 

Type 

Max. 
Plate 

Dissipa- 
lion 
Watts 

Cathode 
Max' 
Plate 

Voltage 

Max. 
plate 

Current 
k, 
"dh 

Max' D.C. 
Grid 

Current 
Ma. 

,, 
'Ix' Factor 

in erelectrode 
Capacitances (»pH.) 

Base' 
Socket 
Connec- 
fions 

Typical Operation Plate 
Voltage 

Grid 
Voltage 

-448 

Plaaa Curren( 
Ma. 

GrD'CH. 
Current , 
""'" 

Approx. 

Gild Driving 
Power 
Watts , 

45 

Approx. 

Car" Output 
Power 
Watts 

690 

Type 

HK354E 

HK354F 

Volts Amps. 
Grid 
to 
Fil. 

Grid 
to 

Plate 

Plate 
to 
Fil. 

HK354E 150 5.0 10 

10 

4000 300 60 35 

50 

4.5 

4.5 

3.8 

3.8 

1.1 

1.1 

4-pin J. T-3AC 
Class-C Amp. (Telegraphy) 3500 240 60 
Class-C Amp. Plate-Mod. 3000  

3500 
-437 210 60 45 525 

HK354F 150 5.0 4000 300 75 4-pin .1. T-3AC 
Class-C Amp. (Telegraphy) -368 250 75  

75 
50  
45 

720  
525 Class-C Amp. Plate-Mod. 3000 -312 210 

810 8 
1627 

150 10 
5.0 

4.5 
9.0 

2250 275 70 36 8.7 4.8 12 4-pin J. 7-3AC 

Class-C Amp. (Telegraphy) 2250 -160 275 40  
50 

12  
17 

475  
335 

810 
1627 

Class-C Amp. Plate-Mod. 1800 -200 250 
Class-8 Amp. (Telephony) 2250 - 70 100 2.0  

2.0 
4.0  
4.0 

75  
75 Grid-Modulated Amp. 2250  

2250 
-140  
-210 

100 

8000 6 150 10 4.5 2250 275 40 16.5 5.0 6.4 3.3 4-pin J. T-3AC 

Class-C Amp.-OscIllator 275 25 9.0  
8.8 

475  
335 

8000 
Class-C Amp. Plate-Mod. 1800 -320 250 20 
Clan-B Amp. (Telephony) 2250 -145 100 0 5.4 75 
Grid-Modulated Amp. 2250  

3000 
-265  
-200 

100 0 2.5 75 

RK63 

Class-C Amp. (Telegraphy) 233 45 17 525 
RK63 Class-C Amp. Plate-Mod. 2500 -200 205 50 19 405 

RK63A 200 5.0 
6.3 

10 
14 

3000 250 60 37 2.7 3.3 1.-pin 1 4 J . T-3AC 
Class-13 Amp. (Telephony) 3000  

3000 
-150  
-250 

100 1.0 12 100 0263A , 

Grid-Modulated Amp. 100 7.0 12.5 100 

T200 200 10 5.75 2500 350 80 

60 

16 

23 

9.5 

6.0 

7.9 1.6 4-pin J. T-3AC 

T-3AC 

  Class-C Amp. Plate-Mod. 
Class-C Amp. (Telegraphy) 2500 -280 350 54 25 685 

7200 

HF300 

Class-C Amp. Plate-Mod. 2000 -260 300 54 23 460   

HF300 200 11-12 4.0 3000 275 6.5 1.4 4-pin J. 
Class-C Amp. (Telegraphy) 3000 -400  

-300  
-100  
-240  
-370 

250  
250  
120  
300  
300 

28 16 600 
Class-C Amp. Plate-Mod. 2000 36  

0.5 
17  
6‘0 

385  
105 Class-13 Amp. (Telephony) 2500  

2500 7814 
HV12 

1822 
HV2"/ 

806 ' 

200 10 4.0 

4.0 

2500 200 60 12 8.5 12.8 1.7 4-pin J. 

4-pin J. 

4-pin J. 

T-3AB 

T-3.A13 

  Class-C Amp. Plate-Mod. 
Class-C Amp. (Telegraphy) 30 

e 
10 575 7814 

HV12 Class-C Amp. Plate-Mod. 2000 20 485 

 200 10 2500 300 60 27 8.5 13.5 2.1 

Class-C Amp. (Telegraphy) 2500 -175 300 50 15 585 
Irk Class-C Amp. Plate-Mod.  

Class-8 Amp. (Telephony) 
2000 -195 250 45 15 400 
2500 - 95 125 5.0  

40 
8.0  
34 

110 

225 5.0 10 3300 300 50 12.6 6.1 

3.5 

4.2 1.1 T-3AC 
Class-C Amp. (Telegraphy) 3300 ,-600 300 780  

460 806 Class-C Amp. Plate-Mod. 3000 -670 195 27 24 
Class-13 Amp. (Tela2hony) 3300 -280 102 -  

75 
10.3  
42 

115 

250TH* 250 5.0 10.5 3000 

3000 

350 100 32 3.3 0.3 4-pin J. T-3AC 

Class-C Amp. (Telegraphy) 3000 -210 330 750  
750  
125 

250TH 
Class-C Amp. Plate-Mod. 3000 -210 330 75  

4.0 
42  
15 Class-13 Amp. (Telephony) 3000 - 80 125  

125 Grid-Modulated Amp. 3000 -160 4.0 20 125 

2507L* 250 5.0 10.5 350 50 13 3.0 3.5 0.5 4-pin J. T-3AC 

Class-C Amp. (Telegraphy) 3000 -600  
-600 

330 45 42 750 

2507L 
Class-C Amp. Plate-Mod. 3000 330 ' 45 42  

15 
750  
125 Class-8 Amp. (Telephony) 3000 -225 125 2.0 

2000 

Grid-Modulated Amp. 3000 -450  
-200 

125 2.0 15 125 
620 

GL159 250 10 9.6 400 100 20 11 17.6 5.0 4-pin GL T-4BG 
Class-C Amp.-Oscillator 2000 400 17 6.0 

GL159 Class-C Amp. Plate-Mod. 1500 -240 400 23 9.0 450  
130 Class-11 Amp. (Telephony) 2000 - 90 190 - 2.5 



TABLE XIV - TRIODE TRANSMITTING TUBES - Continued 

Type 

Max. 
Plate 

Dissipa- 
lion 
W atts 

Cathode 
Ma Mas.  
Plate 

Voltage 

Max' 

Current 
ma 
' 

Max. 
D.C. 
Grid 

Current 
Ma. 

Amp. 
Factor 

In erelectrode 
Capacitances (irpfd.) 

Base i 
Socket 
Connee- 
lions 4 

Typical Operation Flab 
Voltage 

Grid 
Volbge 

Plate 

Current Ma. 

D 'C' 
Grid 

Cu ent ,,,A,.. 
' 

Approx. 
Grid 

Driving Power 
Watts' 

Approx. 
Carrier 
Output 
Power 
Watts 

Ty" 
Volts Amps. 

Grid 
to 
Fil. 

11.5 

Grid 
to 

Plate 

19 

Plate 
to 
Fit. 

GL169 250 10 9.6 2000 400 100 85 4.7 4-pin GL T-4BG 
Class-C Amp.-Oscillator 2000 -100 400 42 10 620 

GL169 Class-C Amp. Plate-Mod. 1500 -100 400 45 10 450 
Class-8 Amp. (Telephony) 2000 - 10  

-200 
190 - 3.5 130 

204A 
304A 250 11 3.85 2500 275 80 23 12.5 15 

17.4 

2.3 Special 

4-pin W.E.T-2A 

1-IA 
Class-C Amp. (Telegraphy) 2500 250 30 15 450  

350 204A 
304A 

Class-C Amp. Plate-Mod. 2000 -250 250 35 20 
Class-8 Amp. (Telephony) 2500 - 70 160 - 15 100 

3088 250 14 4.0 2250 325 75 8.0 13.6 9.3 
Class-C Amp. (Telegraphy) 1750 -400 300 - - 350 

3088 Class-C Amp. Plate-Mod. 1250 -320 300  
215 

75  
- 

-  
-  
28 

250  
125 Class-8 Amp. (Telephony) 1750 -230 

HK45411" 250 5.0 11 5000 375 85 30 4.6 3.4 1.4 4-pin J. T-3AC Class-C Amplifier 3500 -275 270 60 760  H1(48411 
H1(454-1. 54 250 5.0 11 5000 375 60 12 4.6 3.4 1.4 4-pin J. T-3AC Class-C Amplifier 3500 -450 270 45 30 780 HK45.14  

212E 
2418 
312E 

300T 

212E 
241B 
312E  

275 14 4.0 3000 350 75 16 14.9 18.8 8.6 4-pin W.E 
3-pin W.E 

T-2A 
T-2AA 

Class-C Amp. (Telegraphy) 2000 -225  
-200 

300 - - 400 
Class-C Amp. Plate-Mod. 1500 300 75 - 300 
Class-8 Amp. (Telephony) 2000 -120 300  

300 

- - 200 
300T 4 300 8.0 11.5 3500 350 75 16 4.0 4.0 0.6 4-pin J. T-3AC Class-C Amplifier 3500 -600 60 - 800 
304TL 4 
H1(304-L* 6 

 300 5/10 Is 26/13 3000 1000 

600 

150 

100 

10 

22 

12 9.0 0.8 Special T-48F Class-C Amplifier 2000 -300 500 - - 800 304TL 
H1(304-L 

HK654 300 7.5 15 6.2 5.5 1.5 4-pin J. T-3AC 

Class-C Amp. (Telegraphy) 2000 -380 500  
450 

75  
110 

57 
70 

720  
655 

HK654 
Class-C Amp. Plate-Mod. 2000 -365 
Class-B Amp. (Telephony) 3500 -137 150  

150 
13 13 210 

Grid-Modulated Amp. 3500 -210 15 15 210 
Class-C Amp. (Telegraphy) 2000 -200 475 65 25 740 

833A 300 10 

10 

11 

10 

4.0 

5.0 

3000 500 100 35 12.3 6.3 8.5 Special T-1AB 

1-IA 

T-1A 

  Class-B Amp. (Telephony) 

  Class-8 Amp. (Telephony)  
Class-C Amp. (Telegraphy) 

Class-C Amp. (Telephony) 2500 -300 335 75 30 635 833A 
Class-B Amp. (Telephony) 3000 - 70 150 2.0 10 150 

270A 350 3000 

2500 

375 75 16 18 21 2.0 Special 
Class-C Amp. (Telegraphy) 3000 -375 350 - - 700 

270A Class-C Amp. Plate-Mod. 2250 -300 300 80 - 450 
Class-8 Amp. (Telephony)  
Class-C Amp. (Telegraphy) 

3000 -180 175 - - • 175 

849 

831 4 

400 • 350 125 19 17 33.5 

4.0 

3.0 Special 
2500 -250 300 20 8.0  

14 
560  
425 849 

881 

Class-C Amp. (Telephony) 2000 -300 300 30 
Class-8 Amp. (Telephony) 2500  

3500 
-125  
-400 

216  
275  
200 

1.0  
40  
60 

12  
30  
50 

180  
590  
360 400 11 10 3500 350 75 14.5 3.8 1.4 Special T-IAA 

Class-C Amp. (Telegraphy) 
Class-C Amp. (Telephony) 3000 -500 
Class-8 Amp. (Telephony) 3500 -220 146 - - 160 

S. - small; M. - medium; J. - jumbo; O. - octal. 
9 Refer to Transmitting Tube Diagrams. 
'See Chapter Five for discussion of grid driving power. 
9 Obsolete type. 
°Instant-heating filament for mobile use. 
°Intermittent commercial and amateur service ratings. 
7 Twin triode. Values, except Inter-element capacities, are for 

both sections, in push-pull. 

° The 805 has a variable high-p grid. 
9 All wire leads. Ratings at 500 Mc. 
1° Gaseous discharge tube for use on 110-volt d.c. 
n Output at 112 Mc. 
Calculated at 33% efficiency For 100% modulation. 
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. 
Input resonant frequency approximately 335 Mc. 

Frequency limits: 

May be used at full ratings on 56-60 Mc. band and lower. 
•• May be used at full ratings on 112-Mc. band ;sad lower. 
May be used at full ratings on 224-Mc, band and lower. 

•••• May be used at full rating above 300 Mc. 



TABLE XV-TET ODE AND PENTODE TBANSMITTING TUBES 

Type 

Max. 
Plate 

Dissipa- 
lion 
Watts 

Cathode 
Max. 
Plate 

Voltage 

Max. 
Screen 

ScM reoxen 
Dissipa- 
lien 
Watts 

Interelectrode 
CaPac lances 

Basel 
Socket 
Connec- 
lions 2 

Typical Operation Plate 
Voltage 

Screen 
Voltage 

Sup- 
pressor 
Voltage 

_. 
Gila 

Voltage 

Plate 
Current 
Ma. 

Screen 
Current 
Ma. 

Grid 
Current 
Ma. 

Screen' 
Resistor 
Ohms 

Approx. 
Grid 

Driving 
Power 
Watts' 

Approx. 
Carrier 
Output 
Power 
Watts 

Type 

Volts Amps. 
Grid 
to 
Fn. 

Grid 
to 

Plate 

Plate 
to 
Fil. 

Voltage 

3A4 2.0 1.4 
2.8 

0.2 
0.1   150 135 0.9 4.8 0.2 4.2 7-pin B. 7BB u Class-C Amp.-Oscillator 150 

200 

135 

100 

0 - 26 18.3 6.5 0.13 2300 - 1.2 3A4 

HY63* 
3.0  

2.5 
1.25 

0.112.5 
0.225 200 100 0.6 8.0 

0.1 8.0 

9 0 

13 

7-pin O. T-8DB 
Class-C Amp.-Osc. - - 22.5 20 4.0 2.0 - 0.1 3.0  

2.0 
HY63 

Class-C Amp. Plate-Mod. 180 100 - - 35 15 3.0 2.0 - 0.2 

RK64 • • 6.0 6.3 0.5 400 100 3.0 10 0.4 

1.2 

5-pin M. T-513E1 
Class-C Amp. (Telegraphy) 400 100 30 - 30 35 10 3.0 - 0.18 10 

RK64 
Class-C Amp. Plate-Mod. 300 - 30 - 30 26 8.0 4.0 30000 0.2 6.0 

1610 6.0 2.5 1.75 400 200 2.0 8.6 5-pin M. T-5CA Class-C Amp.-Oscillator 400 150 - - 50 22.5 7.0 1.5 - 0.1 5.0 1610  

RK56 

RK23 
RK25 
RK25B 

RK56* 8.0 6.3 0.55 300 300 4.5 10 0.2 9.0 5-pin M. T-5BB 
Class-C Amp. (Telerraphy) 400 300 - - 40 62 12 1.6 - 0.1 12.5 
Class-C Amp. Plate-Mod. 250 2C0  

200 
- 

45 
- 40 50 10 1.6 

T4.0 
2800 0.28 8.5   

RK23 
RK25 
RK25B • 

10 
2.5 

6.3 

2.0 

0.9 
500 250 8 10 

. 
0.2 10 7-pin M. 

7-pin O. 

T-7C 

Class-C Amp. (Telegraphy) 500 - 90 55 38 - 0.5 22 

Class-C Amp. (Telephony) 400 150 0 - 90 43 30 6.0 8300 0.8 13.5 

Suppressor-Modulated Amp 500 200 -45 - 90 31 39 4.0 - 0.5 6.0 

1613 10 6.3 0.7 350 275 2.5 8.5 0.5 11.5 T-8C13 
Class-C Amp. (Telegraphy) 350 200 - - 35 50 10 3.5 20000 0.22 9 

1613 

837 
RK44 

802 

Class-C Amp. Plato-Mod. 275 200 - - 35 42 10 2.8 10000  0.16  
0.4 

6.0  
22 

837 
RK44, 12 12.6 0.7 500 300 8 16 0.2 11 

0.15' 

0.4 

10 

8.5 

8.5 

7-pin M. T-7C 
Class-C Amp. (Telegraphy) 500 200 40 - 75 60 15 4.0 20000 

Class-C Amp. (Telephony) 400 140 40 - 40 45 20 5.0 
3.5 

13000 0.3 11 
Suppressor-Modulated Amp. 500 - -65 - 20 30 

55 
23 
16 

14000 0.1  5.0  

802 1 13 6.3 0.9 600 

300 

250 6.0 12 7-pin M. 

7-Din O. 

T-7C 
Class-C Amp. (Telegraphy) 600 250  

245 
250 

40 
40 

-120 2.4 22000 0.30 23 

Class-C Amp. Plate-Mod. 500 - 40 40 15 13 16300 0.10  
0.6 

12  
6.3  Suppressor-Mod. Amp. 600 -e -100 30 24 5.0 14500 

HY6V6- 
GTX • 15 6.3 0.5 225 2.5 10 T-EID 

Class-C Amp.-Osc. 300 200 - - 45 60 7.5 2.5 
2.0 

- 0.25 12 Hy6yi. 
GTX 

HY60 

Class-C Amp. Plate-Mod. 250 200 - - 45 60 6.0 15000  0.4  

0.25 

10  

16 
HY6O• 15 6.3 0.5 425 225 2.5 10 0.19 8.5 5-pin M. T-5BB 

Class-C Amp. (Telegraphy) 425 200 - - 62.5 60 7.0 3.0 - 
Class-C Amp. Plate-Mod. 325 200 - - 45 60 8.5 2.5 -  0.2  14   

HY65 • • 15 6.3 0.85 450 250 2.5 8.4 0.11 8.2 7-pin O. T-8DB 
Class-C Amp.-Osc. 450 200 - - 45 63 

63 
7.0 
7.0 

3.0 
3.0 

- 
- 

0.5 19 HY65 
Class-C Amp. Plate-Mod. 350 250 - - 45 0.5  

-  
14  
7.0  306A 15 2.75 2.0 300 300 6.0 13 0.35 13 

1.2 

5-pin M. T-5CB Class-C Amp. (Telephony) 300 180  

250 

- 

0 

- 50  

- 35 

36 15 3.0 8000 306A 

307A 15 5.5 

6.3 
12.6 

6.3 12.6 

1.0 

1.6 
08 

500 250 6.0 15 

7.5 

0.55 5-pin M. T-5C 
Class-C Amp. (Telegraphy) 500 60 13 1A 20000 - 20  

6.0  
307A 

Suppressor-Modulated Amp. 500 200 -50 - 35 40 20 1.5 14000 - 

• 832" 15 500 
- 

750 

250 5.0 0.05 11 3.8 

3.8 

Special T-913 
Class-C Amp. (Telegraphy) 500 200 - - 65 72 14 2.6 21000 0.18 26 

832 - i Class Amp. (Telephony) 425  
750 

200  
200 

- - 60 52 16 
15 

2. 4 

2.8 

14000 0.15 16  

832A••10 15 0 8 
03 250 5.0 7.5 Special T-913 

Class-C Amp. (Telegraphy) - - 65 48 36500 0.19  
0.16 

26 832A 0.05 11 Class-C Amp. (Telephony) 600 200 - - 65 36 16 2.6 25000 17  

844* 15 2.5 23 500 180 3.0 9.5 0.15 7.5 5-pin M. T-5BB 
Class-C Amp. (Telegraphy) 500 175 - -125 25 - 5.0 - - 9.0 

844 
Class-C Amp. (Telephony) 500 150 - -100 20 - - - -  4.0  

865 15 
- 
7.5 2.0 750 175 3.0 8.5 

10.5 

0.1 1' 

0.35 

8.0 

12.5 

4-pin M. T-4C 
Class-C Amp. (Telegraphy) 750 125 - - 80 40 - 5.5 - 1.0 16 865 

Class-C Amp. (Telephony) 500 125 - -120 40 - 9.0 -  2.5  10  

1619 15 2.5 2.0 400 300 3.5 7-pin O. T-8D 
Class-C Amp. (Telegraphy) 400 300 - - 55 75 10.5 5.0 9500 0.36  

0.18 
19.5  
13 
25 

1619 
Class-C Amp. Plate-Mod. 325 285 - - 50 62 7.5 2.8 5000 

254A 20 5.0 3.25 750 175 5.0 4.6 0.1 9.4 4-pin M. T-4C Class-C Amplifier 750 175 - - 90 60 - - - - 254A 



TABLE XV - TETRODE AND PENTODE TRANSMITTING TUBES - Continued 

Type 

Max. 
Plate 

Dissipa- 

tien Watts 

Cathode 
Max. 
Plat° 

Voltage 

Max. 
Screen 
Voltage 

Max. 
Screen 
Die"' 
lion Bons 

We," 

Interelectrode 
Capac tances (,utM.) 

Basel 
Socket 
Connec- 

2 
Typical OpecatIOrt 

Pure 

Voltae g 

375 

screen 

Voltage 
9° 

Sup- 

Voltage 

Grid 

Voltage  

Plate 
Cuitent 
Ma. 

Screen 
Current 
Ma. 

Grid 
Current 
Ma. 

Screen ' 
Resistor 
Ohms 

- 

Approx. 
Grid 
Driving 
Power 
Watts' 

Approx. 
Carrier 
Output 

.Pow., 
Watts 

Type 

Volts Amps. 
Grid 
to 
Fil. 

Grid 
to 

Plate 

Plate 
to 
Fil. 

6L6 21 6.3 0.9 375 300 3 5 13 0.5 12.5 7-pin O. T-BD Class-C Amp.-Oscillator 200 - - 35 88 9.0 3.5 0.18 17 6L6  

6L6GX 6L6GX 21 6.3 0.9 500 300 3.5 11 1.5 7.0 

8.0 

7-pin O. 7-8D 
Class-C Amp. (telegraphy) 500 250 - - 50 

- 45 
- 50 

90 9.0 2.0 - 0.25 30  
20 Class-C Amp. Plate-Mod. 325 225 - 90 

90 
9.0 
9.0 

3.0 
2.0 

- 0.25 

HY61.6- 
G751, 

2 1 6.3 0.9 500 300 3.0 

3.5 

11 0.5 7-pin O. 7.8D  
Class-C Amp.-Osc. 500 250  

225 
-  
- 

- 0.5 30 HT6L6. 
GTX Class-C Amp. Plate-Mod. 400 - 45 80 9.0 3.0 16000 0.8 20 

721* 21 6.3 0.9 400 300 13 0.7 12 6-pin M. T-6B 
Class-C Amp. (Telegraphy) 400 250 - - 50 95 8.0 3.0 - 0.2 25 

721 
Class-C Amp. Plate-Mod. 350 200 - - 45 65 17 5.0 - 0.35 14 

«1(49 21 6.3 0.9 400 300 3.5 11.5 1.4 10.6 6-pin M. T-68 
Class-C Amp. (Telegraphy) 400 250 - - 50 95 8.0 3.0 - 0.2 25 

RK49 
Class-C Amp. (Telephony) 300 200 - - 45 60 15 5.0 

2.0 
6700 0.34 12 

1614* 21 6.3 0.9 375 300 3.5 10 0.4 12.5 7-pin 0, T-813 Class-C Amp. (Telegraphy) 375 250 - - 40 80 10 12500 0.1 21  
15 

1614 
Class-C Amp. Plate-Mod. 325 - - - 40 70 8.0 2.0 10000 0.1 

RK41 *5 
ftK39* 25 

2.5 
6.3 

2.4 
0.9 600 300 3.5 13 0.2 10 g.ran I.A. T.5130 Class-C Amp. (telegraphy) 600 300 - - 90 93 

85 
10 3.0 - 0.38 36 RK41 

Class-C Amp. (telephony) 475  
600 

250 - - 50 9.0 2.5 25000 0.2 26 RK39  

HY61 / 
907 

HY61/ 
807* 25 6.3 

6.3 

0.9 600 300 3.5 11 0.2 7.0 

8.5 

5-pin M. 
7-588 Class-C Amp. (telegraphy) 250 - - 50 100 9.0 3.0 39000 0.22 40 

Class-C Amp. (Telephony) 475 225 - - 50 83 9.0 2.0 25000 0.13 27.5 

8l5"'° 25 1.6 

9i1 

2.0 

SOO 200 4.0 13.3 0.2" 8-pin O. T-8FA" 

T-4C 
  Class-C Amp. Plat...Mod. 

Clau.0 Amp.-Oscillator 500 200 - - 45 150 17 2.5 - 0.13 56 
Class-C Amp. Plat...Mod. 400 175 - - 45 150 15 3.0 - 0.16 45 

815 

2548 

624 

RK66 

254B 25 7.5 750 150 5.0 11.2 0.085 5.4 

7.5 

4-pin M. Class-C Amplifier 750 150 - -135 75 - - - - 30 

1624* 25 2.5 600 300 3.5 11 0.25 5-pin M. T-ST3C 
Class-C Amp. (telegraphy) 600 300 - - 60 90 10 5.0 30000 0.43 35 
Class-C Amp. Plate-Mod. 500 275 - - 50 75 9.0 91 25000 0.25  

0.5 
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 600 300 - - 60 90 11 5.0 - 
Class-C Amp. Plate-Mod. 500 - -  

- 
- 50  
- 50 

75  
100 

8.0 3.2 25000 0.23 25 

1625* , 12.6 0.45 .5 11 0.2 " 7.0 51,in k4. 7..500 Class-C Amp. (telegraphy)  
Class-C Amp. Plate-Mod. 

750 250 8.0 3.0 - 0.22 50 gin 
1625 600 275 - - 90 100 6.5 4.0 - 0.4 42.5 

RK20 5 
RK20A 
RK46 5 

40 
7.5 
7.5 

12.6 

3.0 
3.25 
2.5 

1250 300 15 14 0.01 12 5.pin M. 7-5C 

Class-C Amp. (FelegraphY) 1250 300 45 -100 92 36 11.5 - 1.6 84 
RK20 
ZK2OA 
RK46 

Class-C Amp. (telephony)  
Suppressor-Modulated Amp. 

1000 300 0 -100 75 30 10 23000 1.3 52  
21 1250 300  

300 
-45 -100 48 44 11.5 - 1.5 

Grid-Modulated Amp. 1250 45 -142 40 7.0 1.8 
4.0 
5.0 

- 1.5 20 

HY69* 5 40 6.3 1.5 600 300 5.0 15.4 0.23 6.5 5-pin M. 7-5D 

T-913 

7-98 

  Grid-Modulated Amp. 

Class-C Amp.-Oscillator 600 250 - - 60 100 12.5  
12.5 

30000 
30000 

0.25 42 
HY69 

829 

Class-C Amp. Plate Mod. 600 250 - - 60 100 0.35  
2.8 

42  
27  
83  
63 

Modulated Doubler  
Class-C Amp. (Telegraphy) 

600  
500 

200  
200 

-.-  
- 

-300  
- 45 

90  
240 

11.5 6.0 35000 

829 ** l' 4° 
6.3 

12.6 
2.25 
1.12 500 225 

240 

40 14.5 0.1 11 7.0 Special 

Special 

32 12 9300 0.7  
0.8 Class-C Amp. Plate-Mod. 425 200 - - 60  

- 38 
212  
120 

35 
10 
30 

11 6400 
Grid-Modulated Amp. 500 200 - 2.0 - 0.5 23 

822A • • 1° 40 6.3 
12.6 

2•25 
1.12 750 7.0 14.4 0.1 11 7.0 

lass-C Amp.-Oscillator 750 200 - - 55 160 12 18300 0.8 87 
829A lass-C Amp. Plate-Mod. 600 200 - - 70 150 30 12 13300 0.9 70 

Grid-Modulated Amp. 750 200 - - 55 80 3.0 0 - 0.7 24 

" 40 6.3 
12.6 

3.51111269 
1.75  750 300 5.0 15.35 0.23 6.5 5-pin M. 1.-5DB" 

Class-C Amp.-Oscillator 750 300 - - 70 120 12.5 4 - 0.25 63  
52.5 1171269 Class-C Amp. Plate Mod. 600 250 - - 70 100 10.0 4 35000 0.5 

-- Grid-Modulated Amp. 750 300 - --- 80 - - - 20 



TRANSMITTING TUBES - Continued 

Max. 
Plate   

Cathode 
Max. Max. ScreenMax. Capacitances 

Interelectrode 

(eel° 
I 

Socket 
Typical Operation 

Plate Screen Sup- 
pressor ,,'"'ir 

,-,..,, 
_ Current 

eeeg" 

Plate 
Current 
Screen 

Current 
Grid Screen 3 

Resistor 

Approx. 
Grid 

Driving 

Approx. 
Carrier 
Output 
Power 

Type 

Type Dissipa- Plate Screen Dissipa- 
Boll Grid T..i.'...id 

. 
Plate 

Base Connec- 
Bons , 

Voltage Voltage Voltage ' Ma. Ma. Ms. Ohms Power 
Watts , Watts 

lion 
Volts Amps. 

Voltage Voltage 
Watts to to to 

w afts Fil. Plate Fil. 
7.0 - 1.0 120 

Class-C Amp. (Telegraphy) 1250 300 - - 70 138 14 
- 

900 300 -- -150 120 17.5 6.0 - 1.4 87 RK47 

50 10 3.25 1250 300 10 13 0.12 10 5-pin M. T-5D Class-C Amp. Plate-Mod.   
1250 300 -- - 30 60 2.0 0.9 - 4.0 25 

RK47 Grid-Modulated Amp. 
0.7 90 

1250 300 20 - 55 100 36 5.5 - 
- Class-C Amp. (Telegraphy) 

7.0 22000 1.0 65 312A 
Plate 1000 - 40 - 40 95 35 

50 10 2.8 1250 500 20 15.5 0.15 12.3 6-pin M. T-6C Class-C Amp. -Mod.   
1250 - -85 - 50 50 42 5.0 22000 0.55 23 

312A Suppressor-Mod. Amp. 1.95 110 
Amp. (Telegraphy) 1500  300 45 -100 100 35 7.0 34000 

Class-C 
1250 250 50 - 90 75 20 6.0 50000 0.75 65 804 Class-C Amp. Plate-Mod. 

1.3 28 
16 0.0111 14.5 5-pin M. T-5C 

Amp. 1500 300 45 - 130 50 13.5 33 - 
804 , 50 73 3.0 1500 300 15 Grid-Modulated 

0.95 28 Amp. 1500 300 -50 -115 50 32 7.0 - Suppressor-Mod. 
45 1.5 2.3 - - 35 

Class-C Amp. (Telegraphy) 1500 3600 800 - 40 825 - 
- - Special T-OC 1500 3600 800  - 33 25 13 0.5 - - 

9.0 

825**** ,, 50 6.3 0.75 2000 3600 - 3.4 Grid-Modulated Amp. - - - 85 
ClassAmp. (Telegraphy) 1000 200 - -200 125 - 

305A - 
0.14 5A 4-pin M. 

.r.4cE -C 
800 200 -  -270 125 -- - - - 70 

305A 60 10 3.1 1000 200 6 10.5 Class-C Amp. (Telephony) 
10 - 1.5 152 

Amp. (Telegraphy) 1250 300 - - 80 175 22.5 
Class-C  

1000  300  - -150 145 173 14 - 2.0 101 HY67 

HY67 65 111 18 1250 300 10 - 0.19 14.5 5-pin M. T-5DB Class-C Amp. Plate-Mod.  
GridAmp. 1250 300 - - 78 - - - - 32.5 

-Modulated 
- 90 150 24 10 50000 1.5 160 

Class-C Amp. (Telegraphy) 1500 300 - 
814 

1250  300  - -150 145 20 10 43000 3.2 130 

814 7 65 10 3.25 1500 300 10 13.5 0.1 1, 13.5 5-pin M. T-5D Class-C Amp. Plate-Mod.  
1500 250 - -120 60 3.0 2.5 - 4.2 35 

Grid-Modulated Amp. 
33 1000 150 - -160 100 - - 282A Class-C Amp. (Telegraphy) 50 _ _ 50 

5.0 12.2 0.2 6.8 
4-pin M. T-4C Amp. Plate-Mod. 750 150 - -180 100 - 

282A 70 10 3.0 1000 250 Class-C 
-200 150 11 6.0 33000 1.4 230 

Class-C Amp. (Telegraphy) 2000 500 - 

1800 400 - -130 135 11 8.0 16000 1.7 178 8001 

25 11 0.1 1, 5.5 7-pin J. T-703 Class-C Amp. Plate-Mod. 
3.0 - 0.4 35 8001 7 75 5.0 7.5 2000 500 Amp. 2000 5 00 -300 -130 55 27 Suppressor-Mod. 

60 -200 150 11 6.0 - 1.4  230 
_ Class-C Amy. (Telegraphy) 2000 500 

Amp. Plate-Mod. 1800 400 60 -130 135 11 8.0 - 1.7 178 HK25I 

75 5.0 7.5 4000 500 25 13.8 0.04 6.7 7-pin J. T-7CB Class-C 
2000 500 -300  -130 55 27 3.0 - 0.4 35 HK257* Suppressor-Modulated Amp. 

40000 2.2 200 1500 400 75 -100 180 28 12 
_ Class-C Amp. (Telegraphy) 

12 30000 2.7 150 828 
M. T-5C ClassAmp. Plate-Mod. 1250 400 75 -140 160 28 

80 10 3.25 2000 750 23 13.5 0.05 1, 14.5 5-pin -C 
1500 400 75 -150 80 4.0 1.3 - 1.3 41 

828 , Grid-Modulated Amp. 
2000  400  45 -100 150 55 13 21000 2.0 210 

Class-C Amp. (Telegraphy)  
1500  400  45 -100 135 52 13 21000 2.0 155 RK28 

35 15 0.02 15 5-pin J. T-5C 
Class-C Amp (Telephony)  ' 

Amp. 2000  400  -45 -100 85 65 13 - 1.8 60. 
RK28 5 100 10 5.0 2000 400 Suppressor-Modulated 

Amplifier 2000 400 45 -140 80 20 4.0 - 0.9 75 
Grid-Modulated 

6.5 - 1.0 250 
Amp. (Telegraphy) 2000 400 - -100 180 40 ,vA. 

Class-C  
1500 400 - -100 148 50 6.5 22000 1.0 165 iiiF4i¡A 

RK48 5 22 17 0.13 13 5-pin J. T-5D Class-C Amp. (Telephony) 
1.6 40 

1 00 10 5.0 2000 400 Amplifier 1500  400 - -145 77 10 13 - 
RK48A Grid-Modulated - 90 180 15 3.0 107000 0.5  260 

Class-C Amp. (Telegraphy) 2000 Apo - ,--

1600 400 - -130 150 20 6.0 21600 1.2 175 813, 

400 22 16.3 0.2 H 14 7-pin J. T-7DA Class-C Amp. (Telephony) - - 50 
813 100 10 5.0 2000 

Grid-Modulated Amplifier 2000 400 - -120 75 3.0 - 



TABLE XV - TETRODE AND PENTODE TRANSMITTING TUBES - Continued 

Type 

Max. 
Piale 

Dissipa-
don 
Watts 

Cathode 

Volts Amps. 

Max. 
Plate 

Voltage 

850 

860 

RK28A 

803 

100 10 3.25 

100 

125 

125 

10 

10 

10 

RK65 

861 

215 

400 

5.0 

11 

3.25 

5.0 

5.0 

14 

10 

1250 

3000 

2000 

Max. 
Screen 
Voltage 

175 

500 

400 

Max. 
Screen 
Dissipa-
tion 
Watts 

10 

10 

Interelectrode 
Capacitances (gad.) 

Grid 
to 
Fil. 

Grid 
to 

Plate 

Plate 
to 
Fil. 

Socket 
Base I Connec-

tions 

25 4-pin J. T-313 

- 7.5 4-pin M. T-403 

15 5-pin J. T-5C 

29 5-pin .1. T-5C 

4.75 4-pin J. T 3BC 

10.5 Special T-10 

17 

7.75 

35 15 

0.25 51 

0.0861 

0.02 

2000 

3000 

3500 

600 

500 

750 

30 17.5 

35 

35 

10.5 

14.5 

0.15 11 

0.24 

0.1 51 

Typical Operation 

Class-C Amp. (Telegraphy)  
Class-C Amp. (Telephony)  

Grid-Modulated Amplifier  
Class-C Amp.-Oscillator  
Class-C Amp. Plate-Mod.  
Class-C Amp. (Telegraphy)  
Class-C Amp. Plate-Mod.  
Grid-Modulated Amp.  
Suppressor-Mod. Amp.  
lass-C Amp. (Telegraphy)  
lass-C Amp. (Telephony)  

Suppressor-Modulated Amp. 
Grid-Modulated Amplifier  
lass-C Amp. (Telegraphy)  
lass-C (Plate 8, Screen Mod.) 

Class-C Amp. (Telegraphy)  
Class-C Amp. (Telephony) 

S. - small; M. - medium; O. - octal; J. - jumbo. 
s See Transmitting Tube Base Diagrams. 

plate-and-screen modulated Class-C amplifiers, connect 
screen-dropping resistor direct to plate and by-Pass for Li. 
only. This does not apply to the 828. 

See Chapter 4--8 for discussion of grid driving power. 
ObspIste type. Instant-heating filament for mobile operation. 
Intermittent commercial and amateur service ratings. 

Type 

1840 

1847  
1848 
1849  
1850  
1898  
1899  
2203 

Name 

Orthicon 

Socket 
Connec-
tions 

Plate 
Voltage 

Screen 
Voltage 

Sup-
pressor 
Voltage 

Grid 
Voltage 

Plate 
Current 
Ma. 

Screen 
Covent 
Ma. 

Grid 
Current 
Ma. 

Screen 5 
Resistor 
Ohms 

Approx, 
Grid 

Driving 
Power 
Watts , 

A_pprox. 
Carrier 
Output 
Power 
Watts 

Type 

1250 
1000 
1250 
3000 
2000 
2000  
1500  
2000  
2000  
2000  
1600  
2000  
2000  
3000  
2500  
3500  
3000 

175 
140 
175 
300 
220 
400 
400 
400 

500 
500 

45 
45 
45 

-45 
40 

-150  
-100  
- 13  
-150  
-200  
-100  
-100  
- 55  
-115 1 
- 90 
- 80  
-100  
- 80  
-100  
-150  
-250  
-200 

160 
125 
110 
85 
85 

170 
135 
80 

35 
40 

,25 
25' 
60 
54 
18 
52  
45 
20 
48 
20 
70 
70 
40 

600  
400  

500 
375 

100 
-110 

40 

90 
160 
150 
80 
80 

240 
200 
300 
200 

15 
38 
10  
10 
2.0 

11.5 
12 
4.0 

15 
4.0 
24  
22 
40 
55 

100000 

18500 

30000 

20000 
35000 

30000 

70000 

10  
10  

130 
65 
40 

850 

7.0 
17 
1.6 
1.6 
0.5 
1.5 
2.0 
4.0 
2.5 
2.0 
6.0 
6.3 

165 
105 
250 
150 
60 
60 

210 
155 

30 
35 

53 
53 

510 
380 
700 
400 

860 

RK28A 

803 

RK65 

861 

s Triode connection - screen-grid tied to plate 
Calculated on basis of 33% efficiency at 100% modulation. 

1, Dual tube. Values for both sections, in push-pull. 
" With external shielding. 
" Terminals 3 and 6 must be connected together. 
is Early tubes of this type do not have center-tapped filament. 
14 Inductive output amplifier, with separate output and current-

collecting electrodes, For operation above 300 Mc. In using 

TABLE XVI - TELEVISION TRANSMITTING TUBES 

Heater 

Volts Amps. 

6.3 0.6 

Iconoscope 
Iconoscope 
Iconoscope 
Iconoscope 

Monoscope 
Monoscope 
Monotron 

A 
N 

E 

6.3 
6.3 
6.3 
6.3 
2.5  
2.5  
2.5 

0.6 
0.6  
0.6 
0.6 
2.1  
2.1  
2.1 

Use Collector 
Voltage 

Pattern 
Electrode 
Voltage 

Direct and 
film pichup  

Direct pickup  
Direct pickup  

Film Pickup  
Direct Pickup  
Test pattern  
Test pattern  
Test pattern 

600 
1200 
1000 

1700 
950 
1500 

Anode 
No. 2 
Voltage 

300 1 

600 
1000' 
1000 

1000 
1500 
1000 

Anode 
No. 1 
Voltage 

300 

150 
300 
360 

300  
390  
400 

Cut-off 
Grid 

Voltages 

-40 

-120 
- 40 
-25 

values shown in tables, for "P ate" read "Collector," for 
"Screen" read "Grids No. 2 a 3," for ' Suppressor" read 
"Grid No. 4," and for "Grid" read "D.C. Grid No. 1." 

"Se. Receiving Tube Base Diagrams. 
Frequency limits: 
• May be used at full ratings on 56-60 Mc. band and lower. 

•• May be used at full ratings on 112-Mc, band and lower. 
"•• May be used at full ratings on 224-Mc, band and lower. 

**a' May be used at full ratings above 300 Mc. 

Signal 
Plate 

Voltage 

Collector 
Current 
eur.' 

Beam 
Current 

pa. 

Pattern 
Electrode 
Current ' 

Signal' 
Plate 
Input 

Beam , 
Resolution 
Capability 

Signal 
Output 
Volts 

1.0 J.03-0.15 

0.1  
0.1  

Suns as 1849 

0.25 0.01541075 

-60 
-60 
-20 -150 

2.0 
4.0 

2.0 
2.5 

1 Refer to Cathode Ray Tube Socket Connections. 
Adjust bias for minimum (most negativc) value for satisfactory 

signal. Max. resistance in grid circuit should not exceed 1 meg. 
s Collector current measurements made with mosaic not illuminated. 
Peak-to-peak signal value in va. 
In mw, sq. cm. max. 

5 
500 
300 0.1 

Type 

1840 

1847 
1848 
1849 
1850 
1898 
1899 
2203 

With Ful scanning. 
• Accelerating electrode (Grid No. 2) voltage same as 

Anode No. 2 voltage. 



CHAPTER TWENTY-TWO 

ii adio Operating Practice 

THE 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 need not only to be 
expert in transmitting and receiving code or 
voice signals, but also must 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. 

(1 Radiotelegraph Operation 

The radiotelegraph code is used for record 
communication. Aside from 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 operator 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. 
An operator with a clean-cut, slow, steady 

method of sending has a big advantage over a 
poor operator. Good sending is a matter of 
practice, but patience and judgment are just as 
important qualities in an operator as is a good 
fist. Very often, transmission at moderate 
speeds moves traffic more quickly than faster 
but erratic sending. In hand operating any un-
usual words should be sent twice, the word be-
ing repeated following transmission of " ? ". A 
transmitting operator who is notified of inter-
ference on his frequency, either by static or 
man-made, should adjust his speed of sending 
to require the least number of "fills." Every op-

erator should have facilities for monitoring to 
check the accuracy of his sending. Accuracy of 
transmission comes first. 
To this end, an operator copying in long-

hand should use extreme care in writing, so 
there will be no chance of confusing an "1" 
with an "e", and the like. On a typewriter, 
best practice is always to double-space between 
lines, write ten words to a line with an extra 
space or two after the fifth word in each line, 
triple-space between lines every fifth line. This 
is for the purpose of rapidly determining the 
number of words in a message as it is sent. As 
the operator gains mill-copying skill he will be 
able to typewrite subconsciously in this pat-
tern, an example of which is shown below. 

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: 

WiGNF DE W1AW GE OM GA K (meaning, "Good 
evening, old man, go ahead"). 

IN FULL FORCE STOP THE ATTACK WILL BE SUPPORTED BY 

BOMBARDMENT AVIATION WITH tIGHT AND MEDIUM TANKS IMMEDIATELY PRECEDING THE 

ARTILLERY UNITS STOP ATTACHED TO 

OF THE SIGNAL CORPS FROM 

EACH DIVISION WILL BE UNITS 

FORTMONMOUTH NEWJERSEY UNDER COMMAND OF 

MAJOR J WORTHINGTON SMITH WHOSE 

TO POINT COMMUNICATION FOR STAFF 

SPEED OPERATORS WILL BE REQUIRED 

THE VOLUME OF TRAFFIC EXPECTED 

DUTIES WILL BE SUPPLYING POINT 

HEADQUARTERS STOP THIRTY FIVE HIGH 

BY EACH STAFF HEADQUARTERS FOR 

DURING THESE 

473 
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3) Ending signals and sign off: The proper 
use of AR, K and VA ending signals is as fol-

lows: AR (end of transmission) shall be used 
at the end of messages during communication; 
and also at the end of a call, indicating when so 
used that communication is not yet established. 
In the case of CQ calls, 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 SK) 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: 

(AR) — W1KQY DE W1CTI AR (showing that W1CTI 
has not yet gotten in touch with WI KQY but has called and 
is now listening for his reply). Used after the signature be-
tween messages, it indicates the end of one message. There 
may be a slight pause before starting the second of the series 
of messages. The courteous and thoughtful operator allows 
time for the receiving operator to enter the time on the 
message and put another blank in readiness for the traffic 
to come: If K is added, it means that the operator wishes his 
first message acknowledged before going on with the second 
message. If no K is heard, preparations should be made to 
continue copying. 

(K) — W1JEQ DE W6AJM R K. (This arrangement is 
very often used for the acknowledgment of a transmission. 
When anyone overhears this he knows at once that the two 
stations are in touch, communicating with each other, that 
W1JEQ's transmission was all understood by W6AJM, and 
that W6AJM is telling W1JEQ to go ahead with more of 
what he has to say.) W9KJY DE W7NH NR 23 R K. (Evi-
dently W9KJY is sending messages to W7NH. The contact 
is good. The message was all received correctly. W7NH tells 
W9KJY to "go ahead" with more.) 

(VA) — R NM NW CUL VT 73 AR VA W6TI DE 
W7WY. (W7WY says, " I understand OK, no more now, see 
you later, very best regards. I am through with you for now 
and will listen for whomever wishes to call. W7WY 'signing 
off' with W6TI.") 

4) If a station sends test signals, to adjust 
the transmitter or at the request of another 
station to permit the latter to adjust its re-
ceiving apparatus, the signals must be com-
posed of a series of Vs with the call signal of 
the transmitting station inserted at frequent 
intervals. 

5) When a station receives a call without 
being certain that the call is intended for it, 
it should not reply until the call has been re-
peated and is understood. If it receives the call 
but is uncertain of the call signal of the send-
ing station, it should answer using the signal 
• • — —• • (?) instead of the call signal of this 
latter station. QRZ? (see Appendix) is the 
appropriate signal to use, followed by your call, 
to ask who is calling and get this station to 
call again. 

6) Receipting for conversation or traffic: 
Never send a single acknowledgment until the 
transmission has been entirely received. "R" 
means, "All right, OK, I understand com-
pletely." When a poor operator, commonly 
called a "lid," has only received part of a mes-

sage, he will answer, "RRRRRRRRR R, 
sorry, missed address and text, pse repeat" 
and every good operator who hears will rave in-
wardly. Use "R" only when all is received cor-
rectly. Example: 

When all the message has been received correctly, a short 
call with " NR 155 It K" or simply "155 K" is sufficient. 

Abbreviations — To speed up radiotele-
graph communication, a number of standard 
and special abbreviations have been devised. 
As time is a factor, uniform practices in oper-
ating are necessary to insure a ready under-
standing by both operators. Therefore pro-
ficiency in the commonly used abbreviations is 
to be desired. Some of those prescribed by the 
regulations attached to the International Tele-
communications Convention and used by all 
radio services follow: 

N 

AA 

AB 
AL 
BN 
BQ 

CL 
GA 
JM 

MN 
NW 
OK 
RQ 
UA 
WA 

WB 
ADR 
PBL 
SIG 
TXT 
XS 
YS 
ABV 
CFM 
ITP 
MSG 
REF 
RPT 

Yes. 
No. 
Word(s), 
All after (used after a question mark to re-

quest a repetition). 
All before (similarly). 
All that has just been sent (similarly). 
All between (similarly). 
Announcement of reply to a request for 

rectification. 
I am closing my station. 
Go ahead (or resume sending). 
If I may send, make a series of dashes. 
To stop my transmission, make a series of 

dots. 
Minute(s) (to indicate duration of a wait). 
I resume transmission. 
We are in agreement. 
Announcement of a request for rectification. 
Do you agree? 
Word after (to be used after a question 
mark to request a repetition). 

Word before (similarly). 
Address (similarly). 
Preamble (similarly). 
Signature (similarly). 
Text (similarly). 
Atmospherics. 
See your service advice; 
Use abbreviations. 
Confirm, or I confirm. 
The punctuation counts. 
Prefix to radiotelegram. 
Refer to, or referring to. 
Repeat, or I repeat (to be used to ask or to 

give repetition of such traffic as is indi-
cated after the abbreviation). 

SVC Prefix to service message. 
TFC Traffic. 

Indicator or private telegram in the mobile 
service (to be used as a prefix). 

NIL I have nothing for you. 
XXX XXX XXX DE . . . , urgent signal indicating mes-
sage to follow regarding safety of mobile station or persons 
in sight therefrom (PAN is similarly used by aircraft); 
TTT TTT TTT DE . . . , safety signal sent before meteor-
ological warning messages and those concerning safety of 
navigation; SOS SOS SOS DE . . . , distress signal sent 
only by mobile stations in grave danger when requesting 
assistance (MAYDAY is the radiotelephone distress call 
similarly used). 

In the text of a message, no words should be 
abbreviated by the operator unless they are so 
written by the sender. If the text includes 
punctuation, it should be spelled out in Eng-
lish. 
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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. 
c) Check (number of words in text). 
d) Place of origin. 
e) Time filed. 
f) Date. 

Therefore, it might look like this: 

NR 34 WLTK JR 13 
CHICAGO ILL 450 PM MAY 12 1942 

CAPT WM MONTGOMERY 

MUNITIONS BLDG 

WASHINGTON DC wr 
SIXTH CORPS AREA HAS 68 

MEN AVAILABLE FOR ACTIVE DUTY 

FIXED SERVICE REGARDS BY 

HUNTER WLTX 

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 traffic and on the air; in most 
cases it consists of the operator's initials. The 
signal FT (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 gen-
eral rule long radiograms should be trans-
mitted in sections of approximately fifty 
words, each ending with • • — — • • (?), mean-
ing, "Have 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 RPT 
TXT 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 Meaning 

?AA  Repeat all after  
?AB  Repeat all before  
?AL  Repeat all that has been sent 
MN ...AND  Repeat all between .. and.. .. 
?WA  Repeat the word after  
1WB  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. 
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 WKCZ aboard the ship 
would call a shore station (WSC) and the 
following would ensue: 

wsc wsc WSC DE WKCZ WKCZ WKCZ P X K 

WKCZ WKCZ WKCZ DE WSC ANS 700 K 

WSC WSC WSC DE WKCZ P 1 CKI2 SS COAST-
WISE 0827 MAY 10 BA' MISS JANET SHANNON 18 
LAMBERT STREET BOSTON ET ARRIVE PIER 18 
TONIGHT LOVE Wr JOHN AR K 

WKCZ DE WSC R 1 K 

WSC DE WKCZ QRU fi 

WKCZ DE WSC R 37Z 

If the receiving operator missed the number 
of the pier of arrival, he would send: 

PIER 7? TONIGHT or ?WA PIER. 

whereupon the transmitting operator would 
say: 

PIER 18 TONIGHT 

and teen would stand by for an acknowledg-
ment of receipt (R). 
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. It 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. 

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 in 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. 
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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 
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 check. 
(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 word count-
ing are about as difficult in one system of 
count as another. 

AMATI R RA010 STATIC« LOO . 

. ' " I 
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ii•Ammi. ' 

I,Ad Ai I al .Abiel• 

Are "iere»•«":. ....«2 «...:: 

«AA .iai 

•• 
Aw = 

• • • -g- . • . — .............""''' Nil 
,:'fie,LIdeti_iairir I 88 

444 yes!? V SJL N..... 
4 et ,i1LII W7O,  
à.T7 8J1.411 ,• 4 4 4 ..s L 8 04....... E...... sr" 
71. Co .3 

,,7,& 

71, e WOW 359 3 377,33 r... e.ea, ke. 

711;,. lie, ......e. 
• 24.01 .4.1ot 2. 

75 • tetteo /LO 44..4 .4....A.33. 
le .* 3 
Le wle&s e siy e 7 8 ..1.4484.1 Lteee ,. 

Z4e .l We& 5-4 it S•••88 ....;,•/ 
¡.5.0, Et • 
k:!? 4 .8484. S 7, 4•244,, c..--, •.,.. n..c.... u 
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Keeping a log —FCC requires nearly every 
radiocommunication station to keep a com-
plete operating record or "log," including such 
data as times and dates of transmissions, sta-
tions contacted, message traffic handled, input 
power to the transmitter, frequency used, and 
signature or "sine" of the operator in charge. 

Log-keeping procedure differs with each class 
of communications service. A typical page from 
an amateur radio station log, prepared on the 
standard ARRL form, is shown above. Being 
that of the amateur service the example here 
shown is quite free in style, yet it is illustrative 
of the form and data generally required. 
Time systems —While most continental 

telegraph and radio circuits use local standard 
(or war) time in log-keeping and message-
handling, international radiocommunication 
stations and the military services now use a 
24-hour system of time-keeping. One is Green-
wich Civil Time, a 24-hour clock 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 repre-
sents 6 A.M. there; 1200 is noon; 1800 is 6 P.M.; 

2400 is again midnight and the same as 0000 of 
the following day. The figures must be cor-
rected to each individual time zone. The Cen-
tral War Time zone is five hours behind Green-
wich, so that 0630 GCT (6:30 A.M. in Green-
wich) would represent 1:30 A.M. CWT, for 
example. As an example of reverse translation, 
9:30 A.M. CWT would be designated in the log 
as 1430 GCT. EWT is four hours behind GCT; 
MWT, six hours; PWT, seven. 
At present the military services use simply 

a 24-hour clock, based on local time, without 
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 the use of P.M. or A.M. abbreviations. The 
Greenwich system accomplishes this and, more 
important, provides a standard basis upon 
which time in all countries of the world may be 
based. 

(I 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 
form or content, and each operator must be-
come familiar with procedure methods adopted 
by the particular service. 

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. It is recommended that use of Q 
code and special abbreviations be minimized 
in voice work insofar as possible, and the full 
expression (with conciseness) be substituted. 
The speed of radiotelephone transmission 

WESTERN UNION WORD LIST 
A — ADAMS 
B — BOSTON 
C — CHICAGO 
D — DENVER 
E — EDWARD 
F — FRANK 
G — GEORGE 
H —HENRY 
I — IDA 

J — JOHN 
K — KING 
I. — LINCOLN 
M — MARY 
N — NEW YORK 
— OCEAN 

P — PETER 
Q — QUEEN 
R — ROBERT 

— SUGAR 
T — THOMAS 
U — UNION 
V — VICTOR 
W — WILLIAM 
X — X-RAY 
Y — YOUNG 
Z — ZERO 

Example: W1E11 . . . W 1 EDWARD HENRY. 

For best understandability numerals should be 
pronounced as follows: 

Ze-ro o Thuh-ree' 3 Sev'-ven 7 
Wun 1 FO'-wer 4 Ate 8 
Too 2 FI'-yiv 5 N1'-yen 9 

Siks 6 



Radio Operating Practice 477 
(with perfect accuracy) depends almost en-
tirely upon the skill of the two operators in-
volved. One must learn to speak at a rate allow-
ing perfect understanding 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. One such list — that used by the 
Army and Navy — is given in Chapter Six-
teen. Another which has been widely used is 
the Western Union word list, shown herewith. 
A copy of this list can be obtained from the 
local Western Union office and posted beside 
the telephone to use when telephoning mes-
sages containing initials and difficult words. 
Such code words prevent errors due to phonetic 
similarity. All voice-operated stations should 
use a standard list as needed to identify call 
signals or unfamiliar expressions. 
Names of states and countries may be used 

for identifying letters in radiotelephone work. 

(I, Net Operation 

In field work many military communica-
tions units operate in "net" -fashion, wherein 
one station (at the 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 procedure in net operation is as 
follows: The NCS calls the net together at a 
pre-announced time and using a predetermined 
call. Immediately, station members of the net 
reply in alphabetical (or some other predeter-
mined) order, reporting on the NCS's signal 
strength and stating what traffic is on hand 
and for whom. 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 watch on the net frequency for any 
special traffic which might appear. 

ARRL Operating Organization 

The American Radio Relay League main-
tains, at its headquarters in West Hartford, 
Connecticut, a Communications Department 
normally concerned with the practical oper-
ating activities of League members. A large 
field organization, headed by Section Com-
munications Managers in each of the seventy-
one sections into which the country is divided, 
consists of amateur stations especially selected 
for skill in certain phases of amateur commu-

nications work. There are appointments as 
Official Relay Station or Official 'Phone Sta-, 
tion for traffic-handling; as Official Observer 
for monitoring of frequency and quality of 
transmissions; as Route Manager and 'Phone 
Activities Manager for the establishment of 
trunk lines and networks; as Emergency Co-
ordinator for the promotion of amateur pre-
paredness in the event of loss of commercial 
communications facilities through natural dis-
aster. Mimeographed bulletins for each group 
of appointees keep members informed of the 
latest news and developments. Special activi-
ties, such as proficiency awards, contests and 
drills, promote operating skill and thereby add 
to the ability of amateur radio to function "in 
the public interest, convenience and necessity." 
A special section is reserved each month in 
QST, the League's official organ, for amateur 
news from every section of the country. 
With the suspension of amateur activities as 

a result of the war, all such appointments have 
been "frozen" for the duration excepting 
those of Emergency Coordinators, who are 
engaged in promoting the War Emergency 
Radio Service. Complete information on all 
peacetime appointments and League awards 
for operating skills is included in the booklet, 
Operating an Amateur Radio Station. Members 
of the League may obtain a copy of this book-
let from League Headquarters free upon re-
quest; to others, the cost is 10 cents. 

1:f. Amateur Licensing in 
the United States 

For the duration of the war, amateur opera-
tion in this country is prohibited. Amateur fre-
quencies have been temporarily withdrawn 
and, although amateur station licenses have 
not been cancelled, no new ones have been 
issued and no applications for renewal or modi-
fication are entertained. However, every effort 
will be made to reassign station calls to previ-
ous holders, after the war is over. 
Amateur operator licenses remain in force, 

being valued by the military services as an 
attestation of radio proficiency, and new opera-
tor licenses are still being issued at the numer-
ous FCC examining points. Details of the re-
quirements, and a study guide for those pre-
paring for the examination, are to be found in a 
League publication, The Radio Amateur's Li-
cense Manual, available from the American 
Radio Relay League, West Hartford 7, Conn., 
for 25e, postpaid. This publication, which is 
frequently revised, contains also the text of the 
U. S. regulations governing amateur stations 
and operators, and pertinent extracts from the 
basic Communications Act of 1934. It should 
be studied carefully by anyone intending to 
enter amateur radio or planning to apply for 
an amateur operator's license. 
The Communications Act lodges in the 

Federal Communications Commission author-
ity to classify and license radio stations and to 
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prescribe regulations for their operation. Pur-
suant to the law, FCC has issued detailed regu-
lations for the amateur service. 
An amateur is a duly authorized person in-

terested in radio technique solely with a per-
sonal aim and without pecuniary interest. 
Amateur operator licenses are given to United 
States citizens who pass an examination on 
radio operation and apparatus and on the pro-
visions of law and regulations affecting ama-
teurs, and who demonstrate ability to send and 
receive the International Morse Code at 13 
words per minute. Amateur station licenses are 
granted only to licensed amateur operators and 
permit radio communication between such 
amateur stations for amateur purposes, i.e., 
for personal and noncommercial aims flowing 
from an interest in radio technique. An ama-
teur station may not be used for material com-
pensation of any sort nor for broadcasting. 
Narrow bands of frequencies beginning at 
1,715, 3,500, 7,000, 14,000, 28,000, 56,000, 
112,000, 224,000 and 400,000 kc., as shown in 
the adjoining column, are allocated exclusively 
for use by amateur stations, and amateurs also 
may operate on any frequency above 300,000 
kc. Amateur transmissions may be on any fre-
quency within the assigned bands. All the fre-
quencies may be used for c.w. telegraphy and 
certain of them are available for radioteleph-
ony by any amateur, while certain other fre-
quencies are reserved for radiotelephone use 
by persons who have had at least a year's ex-
perience and who pass a more difficult ex-
amination resulting in the issuance of what 
is called a Class A license. The input to the 
final stage of amateur stations is limited to 
1,000 watts and on frequencies below 60,000 
kc. must be adequately filtered direct current. 
Emissions must be free from spurious radia-
tions. The licensee must provide for the meas-
urement of the transmitter frequency and 
establish a procedure for checking it regularly. 
A complete log of station operation must be 
maintained, with specified data. The ama-
teur station license also authorizes the holder 
to operate portable and portable-mobile ama-
teur stations in certain frequency bands, sub-
ject to certain further regulations. An ama-
teur station may be operated only by the 
holder of an amateur operator license, but any 
licensed amateur operator may operate any 
amateur station. All radio licensees are subject 
to heavy penalties for violation of the law or 
regulations. 
The frequent changes in amateur regula-

tions, and the new requirements which may 
come up during the war under special orders of 
FCC, are regularly reported in the League's 
magazine, QST. 

II FCC Frequency Allocations 

The following is a condensed table of fre-
quency allocations established by the Federal 
Communications Commission in the United 

States, as they existed prior to the war. Certain 
departures from it under wartime conditions 
are, of course, to be expected. 

Frequencies (Kc.) 

10-103 
103-141 
143-193 

194-391 

392-548 

550-1,600 
1,600-1,712 

1,715-2,000 
2,004-2,500 

2,504-3,497.5 

3,600-4,000 
4,005-6,000 
6,020-6,190 
6,200-6.990 

7,000-7,300 
7,305-9,490 

9,510-9,690 
9,710-11,000 
11,010-11,685 

11.710-11,890 
11,910-13,990 

14,000-14,400 
14,410-15,085 
15.110-15,330 
15.355-17,740 

17,760-17,840 
17,860-21,440 
21,460-21,650 
21,650-23,175 

23,200-25,000 
25,025-26,975 
27,000-27,975 

28,000-30,000 
30,000-42,000 

42,000-50,000 
50,000-56,000 

68,000-60,000 
80,000-112,000 

112,000-118,000 
118,110-n9,960 

140,100-143,880 
144,000-224,000 

224,000-230,000 
230,000-400,000 
401,000 and above 

Allocation 

Fixed, government. 
Coastal telegraph, government. 
Maritime calling, ship telegraph, fixed 
and coastal telegraph. (190 kc. to 
state police and government.) 

Government, fixed, airport, aircraft (375 
kc. to direction finding). 

Coastal telegraph, government, ship 
telegraph, aircraft, intership 'phone. 
(500 kc. to maritime calling and 
government). 

Broadcasting (1,592 to Alaska services). 
Geophysical, relay, police, government, 

experimental, marine fire, aviation, 
motion picture. 

Amateur. 
Experimental visual and relay broad-

cast, police, government, ship harbor, 
fixed, miscellaneous. 

Coastal harbor, government, aviation, 
fixed, miscellaneous. 

Amateur. 
Government, aviation, fixed. 
International broadcast, government. 
Coastal telegraph and 'phone, govern-

ment, fixed, miscellaneous. 

Amateur. 
Government, fixed, aviation, ship tele-

graph, coastal telegraph, miscel-
laneous. 

International broadcast. 
Government, fixed aviation. 
Ship telegraph, maritime calling, gov-

ernment, coastal telegraph, fixed, 
aviation, miscellaneous. 

International broadcast, government. 
Aviation, fixed, government, ship tele-

graph, coastal telegraph, miscel-
laneous. 

Amateur. 
Fixed. 
International broadcast, government. 
Fixed, government, aviation, ship and 

coastal telegraph, miscellaneous. 
International broadcast. 
Fixed, government, aviation. 
International broadcast, government. 
Coastal telegraph, government, ship 

telegraph, miscellaneous. 
Aviation, government, miscellaneous. 
Broadcast, government. 
Government, general communication. 

Amateur. 
Police, government, relay broadcast, 

coastal and ship harbor, miscellaneous. 
Broadcast and educational (FM). 
Television, fixed. 

Amateur. 
Government, television. 

Amateur. 
Broadcast, government, aviation, police, 

miscellaneous. 
Aviation. 
Government, television, fixed. 

Amateur. 
Government, television, fixed. 
Amateur and experimental. 
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"Q CODE" 
IN THE REGULATIONS accompanying 

the existing International Radiotelegraph Con-
vention, there is a very useful internationally 
agreed code designed to meet the major needs 
in international radio communication. This code 

Abbre-
viation 

QRA 
QRB 

QRC 

ORD 
QRG 

ORB 
QRI 
QRJ 
QRK 
QRL 

QRM 
QRN 
QRO 
QRP 
QRQ 
QRS 
QRT 
QRU 
QRV 
QRW 

QRX 

QRY 

QRZ 
QSA 
QSB 
QSD 
QSG 

QSJ 

QSK 

QSL 
QSM 
QS0 

QSP 
QSR 

QSU 

QSV 
QSW 

QSX 

QST 

QSZ 
QTA 

QTB 

(Yrc 

is given in the following table. The abbrevia-
tions themselves have the meanings shown in 
the "answer" column. When an abbreviation is 
followed by an interrogation mark (?), it assumes 
the meaning shown in the "question" column. 

Question 

What is the name of your station? 
How far approximately are you from my station? 

What company (or Government Administration) 
settles the accounts for your station? 

Where are you bound and where are you from? 
Will you tell me my exact frequency (wave-length) 

in Ws (or m)? 
Does my frequency (wave-length) vary? 
Is my note good? 
Do you receive me badly? Are my signals weak? 
What is the legibility of my signals (1 to 5)? 
Are you busy? 

Are you being interfered with? 
Are you troubled by atmospherics? 
Shall I increase power? 
Shall I decrease power? 
Shall I 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 
  kc/ts (or   m)? 

Shall I wait? When will you call me again? 

What is my turn? 

Who is calling me? 
What is the strength of my signals (1 to 5)? 
Does the strength of my signals vary? 
Is my keying correct; are my signals distinct? 
Shall I send   telegrams (or one telegram) 

at a time? 
What is the charge per word for   including 
your internal telegraph charge? 

Shall I continue with the transmission of all my 
traffic. I can hear you through my signals? 

Can you give me acknowledgment of receipt? 
Shall I repeat the last telegram I sent you? 
Can you communicate with   direct (or 

through the medium of  )? 
Will you retransmit te   free of charge? 
Has the distress call received from   been 

cleared? 
Shall I Bend (or reply) on   kc/s (or m) and/ 

or on waves of Type Al, A2, A3, or,H? 
Shall I send a series of VVV   
Will you send on   kc/s (or   m) 

and/or on waves of Type Al, A2, A3, or B? 

Will you listen for   (call sign) on  
Ws (or m)? 

Shall I change to transmission on   kc/s (or 
  m) 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? 

Ammer 

The name of my station is   
The appretimate distance between our stations 

is   nautical miles (or   kilometers). 
The accounts for my station are settled by the 
  company (or by the Government Ad-
ministration of  ). 

I am bound for   from   
Your exact frequency (wave-length) is   hobs 

(or   m). 
Your frequency (wave-length) varies. 
Your note varies. 
I cannot receive you. Your signals are too weak. 
The legibility of your signals is .... (1 to 5). 
I am busy (or I am busy with  ). Please do 

not interfere. 
I am being interfered with. 
I am troubled by atmospherics. 
Increase power. 
Decrease power. 
Send faster (  words per minute). 
Send more slowly (  words per minute). 
Stop sending. 
I have nothing for you. 
I am ready. 
Please tell   that I am calling him on   

kc/s (or   m). 
Wait (or wait until I have finished communicating 

with  ) I will call you at ........ o'clock 
(or immediately). 

Your turn is No.   (or according to any other 
method of arranging it)  

You are being called by   
The strength of your signals is   (1 to 5). 
The strength of your signals varies. 
Your keying is incorrect; your signals are bad. 
Send   telegrams (or one telegram) at a 

time. 
The charge per word for   is   francs 

including my internal telegraph charge. 
Continue with the transmission of all your traffic. I 

will interrupt you if necessary. 
I give you acknowledgment of receipt. 
Repeat the last telegram you have sent me. 
I can communicate with   direct (or through 

the medium of  )• 
I will retransmit to   free of charge. 
The distress call received from   has been 

cleared by   
Send (or reply) on   kc/s (or   in) 

and/or on waves of Type Al, A2, A3, or B. 
Send a series of VVV   
I am going to send (or I will send) on   kc/a 

(or   in) and/or on waves of Type Al, A2, 
A3, or B. 

I am listening for   (call sign) on   
Ws (or   m). 

Change to transmission on Ws (or  
m) without changing the type of wave or 

Change to transmission on another wave. 
Send each word 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 

QTE 

QTF 

QTG 

QTEI 

0T1 
QTJ 

QTM 

QT0 
QTP 
QTQ 

QTR 
QTU 

QUA 

QUB 

QUC 

QUD 

QUF 

QUG 
QUH 

QUJ 

QUK 

QUL 

QUM 

What is my true bearing in relation to you? 
What is my true bearing in relation   (cal 

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   kc/s 
(or   m) 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 true 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 communicate 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 the mobile station)? 

Have you received the urgency signal sent by 
  (call sign of the mobile station)? 

Have you 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 level? 
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 coordinates)? 

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) 

is   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 which I con-
trol is   latitude   longitude. 

I will send my call sign for fifty seconds followed by a 
dash of ten seconds on   kc/s (or   
m) 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   degrees. 
My speed is   knots (or   kilometers) 
per hour. 

I will send radioelectric signals and submarine sound 
signals to enable you to fix your bearing and your 
distance. 

I have just left dock (or port). 
I am going to enter dock (or port). 
I am going to communicate 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   (call sign of the mobile sta-
tion). 

Here is the information requested   

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 coordinates) is   

The distress traffic is ended. 

Special abbreviations adopted by the ARRL: 

QST General call preceding a message addressed to all amateurs and ARRL Members. This is in effect "CQ ARRL." 

QRR Official ARRL "land SOS." A distress call for use by stations in emergency zones only. 

Scales Used in Expressing Signal Strength and Readability 

(See QRK and QSA in the Q Code) 

Strength 

QSA1 ........ . Barely perceptible. 
QSA2  
QSA3 ....... .......... • • • • • .. . Fairly good. 
QSA4   Good. 
QSA5   Very good. 

Readability 

QRK1 .  .Unreadable. 
QRK2. .......... •• •• •.. .. Readable now and then. 
QRK3 ............ .Readable with difficulty. 

QRK5 ..... ........ ...... ....Perfectly readable. 
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The men and women of National 
Company take great pride in the 
reception of the Army-Navy "E" 
Award for excellence in production. 
To us it brings a special satisfaction, 
for twenty-five years ago we received 
a similar award for service to the 
Nation in World War I. Old timers 
have set the pace in winning both 
awards, but new members have 
brought eager hands to join with 
old skills to supply our boys with the 
tools of Victory. We are grateful 
to the armed forces for the confi-
dence they have placed in us. We will 
not fail them. 

NATIONAL COMPANY, INC. 
MAIDEN, MASS. 



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 $7.50 

-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 $3.00 
Illuminator, extra List 5.55 

TYPE R 

List $.85 
1%1" Dia. 

Etched Nickel 

Silver 

TYPE 0 

List $1.65 
31/2 " Dia. 

TYPE L 

List $2.75 
5" Dia. 

TYPE K 

List $1.65 

31/2 " pia. 

TYPE M 

List $2.75 
5" Dia. 

[he original black bakelite "Vel-
vet Vernier" Dial, Type A, is still 
an unchallenged favorite for gen-
eral purpose use. The planetary 
drive has a ratio of 5 to 1. In 4 inch 
diameter with 2, 4 or 5 scale, and 
in 33/4  inch diameter with 2 scale 
Fits 1/4 " shaft. Specify scale. 

A Dial List $3.30 

The BM Dial is a smaller version 
of the B 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 $2.75 

For experimenters who "build their own" and desir 
direct calibration. Fine for Freq. Monitors and ECO' 

• Dial bezel size 5" x 71/4 " 
• Five blank scales for direct calibration 
• Employs Velvet Vernier Drive • Easy to mount 

TYPE ACN List $5.00 
R Dial scale 3 only but marked 10-0; 0, K, L, M scale 2. All fit 1/4" shafts. 

KNOBS 
HRK (Fits 1/4" shaft) 
Black bakelite knob 2Y8" diam. 

HRP-P (Fits 1/4 " shaft) List 5.40 
Black bakelite knob 11/4" long and 
1/2" wide. Equipped with pointer. 

HRP List 5.30 
The Type HRP 
knob has no 
pointer, but is 
otherwise the 
same as the knob 
above. 

List 5.95 
ACCESSORIES 

ODL List 5.55 
A locking device which clamps the rim of 0, K, L 
and M Dials. Brass, nickel plated. 

ODD 
Vernier drive for 
other plain dials. 

SB (Fits 1/4 " shaft) 

DIAL SCALES 

Divisions 

0 100 0 
100 

100.0 
150-0 
200-0 
0 150 

Rotation 

180° 
180° 
180° 
270° 
360° 
270° 

Direction ot Condenser Rotation 
tor Increase ol dial reading 

Either 
Counter Clockwise 
Clockwise 
Clockwise 
Clockwise 
Counter Clockwise 

All pnces subject to change wahout notice 

List 5.70 
0, K, L, M or 

List 5.30 
A nickel plated 
brass bushing 
1/2" dia. 

RSL (Fits 1A" 
shaft) List 5.95 
Rotor Shaft Lock 
for TMA, TMC 
and similar con-
densers. 



NATIONAL PRECISION CONDENSERS 

The Micrometer dial reads direct 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 enclosed preloaded worm gear with 20 to 1 ratio. Each 
rotor is individually insulated from the frame, and each has its own 
individual rotor contact. Stator insulation is Steatite. Plate shape is 
straight-line-frequency when the frequency range is 2:1. 
PW Condensers are 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 mmf, single spaced, and 
capacities up to 125 mmf, double spaced. 
PW condensers are all with rotor shaft parallel to the panel. 

PW-1R Single section right 
PW-1L Single section left 
PW-2R Double section right 
PW-2L Double section left 
PW-2S Single section each side 
PW-3R Double section right; single left 
PW-3L Double section left; single right 
PW-4 Double section each side 
PW-DO Dial and knob only 

List $16.50 
List $16.50 
List $22.00 
List $22.00 
List $22.00 
List $26.50 
List $26.50 
List $30.00 
List $ 7.25 

NPW MODELS 
With micrometer dial 

NPW-3. Three sections, each 225 
mmf. List $26.50 

NPW-X. Three sections, each 25 
mmf. List $22.50 

Both condensers are similar to PW 
models, except that rotor shaft is 
perpendicular to panel. 

GEAR DRIVE UNITS 
With micrometer dial 

NPW-0 List $12.00 
Uses parts similar to the NPW con-
denser. Drive shaft perpendicular 
tpoliedpa.nel. One TX-9 coupling sup-

PW-0 List $15.00 
Uses parts similar to the PW con-
denser. Drive shaft parallel to panel. 
Two TX-9 couplings supplied. 

NATIONAL GENERAL PURPOSE CONDENSERS 
National EMC Condensers are made in large sizes for general purpose uses. They are similar 
in construction to the TMC Transmitting condenser, and have high efficiency and rugged 
frames. Insulation is lsolantite, and Peak Voltage Rating is 1000 Volts. Plate shape is 
Straight-Line Wavelength. 

Capacity 
Minimum 
Capacity 

No. of 
Plates 

150 Mmf. 
250 
350 
500 

1000 

9 
11 
12 
16 
22 

9 
15 
20 
29 
56 

Length 

4" 
2I546" 
213(6" 
43/3" 
634" 

Catalog 
Symbol 

EMC-150 
EMC-250 
EMC-350 
EMC-500 
EMC-1000 

SPLIT-STATOR MODEL 

List 

$4.50 
5.50 
6.75 
8.50 

12.50 

350-350 I 12-12 20-20 I 6" I EMCD-350' 113.00 

All prices suboect to change without notice 



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 ST. 

Capacity eC pacnimir  1 tie Air Gap i Length îyanitae i 1 List 

SINGLE BEARING MODELS 

15 Mmf. 3 Mmf. 3 .018" 13/16" STHS- 15 51.50 
25 3.25 4 .018" 15/16" STHS- 25 1.65 
50 3.5 7 .018" 1516" STHS- 50 1.75 

DOUBLE BEARING MODELS 

35 Mmf. 6 Mmf. 8 .026" 21/4 " ST- 35 51.65 
50 7 11 .026" 21/4 " ST- 50 2.00 
75 8 15 .026" 21/4 " ST- 75 2.25 

100 9 20 .026" 21/4 " ST-100 2.50 
140 10 27 .026" 21/4" ST-140 2.75 
150 10.5 29 .026" 211/4 " ST-150 2.75 
200 12.0 27 .018" 21/4 " STH-200 3.00 
250 13.5 32 .018" 21/4 " STH-250 3.30 
300 15.0 39 .018" 21/4 " STH-300 3.50 
335 17.0 43 .018" 21/4 " STH-335 4.00 

• SPLIT STATOR DOUBLE BEARING MODELS 

50-50 5-5 11-11 .026" 2y4" STD- 50 $4.00 
100-100 5.5-5.5 14-14 .018" 

1 
23/4 " STHD-100 5.00 

1 

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. On double-bearing single shaft models, the rotor con-
tact is through a constant impedance pigtail. lsolantite insulation. 

Capacity 
Minimum 
Capacity 

No. of 
Plates Air GaP Length 

Catalog 
Symbol List 

15 Mmf. 7 Mmt. 6 .055" 21/4 " SEU- 15 52.75 
20 7.5 8 .055" 21/4 " SEU- 20 3.00 
25 8 9 .055" 21/4 " SEU- 25 3.00 

50 9 11 .026" 21/4 " SE- 50 2.50 
75 10 15 .026" 21/4 " SE- 75 2.75 
100 11.5 20 .026" 21/4 " SE-100 3.00 
150 13 29 .026" 211/4 " SE-150 3.25 

200 12 27 .018" 21/4 " SEH-200 3.25 
950 14 32 .018" 21/4 " SEH-250 3.50 
300 16 39 .018" 21/4 " SEH-300 3.50 
35 17 43 018" 2, :.4" SEH-335 3.85 

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 plat2s. Isolantite insulation. 

EXPERIMENTER 
STRAIGHT-LINE 

CAPACITY 

180 Rotation 

Capacity Minimum 
CapacityList Length Air Gap No. rà el Sy mbolCatalog  

15 Mmf 3.5 1%16" .045" 5 EX- 15 S .95 
25 3.75 15/6" .045" 7 EX- 25 .95 
35 3.75 15/16" .045" 10 EX- 35 1.10 
50 ' 4 Wm" .017" 6 EX- 50 1.00 

100 4.75 15/6" .017" 12 EX-100 1.10 
140 5.5 1516" .017" 15 EX-140 1.40 

The National "Exrrimenter" Type Condensers are low-priced models for general ex-
perimental work. hey are of all-brass construction. The rotor has only one bearing. Plates 
can be removed without difficulty. Bakelite insulation. 

6 
All prices subject t 0 change without notice 



NATIONAL MINIATURE CONDENSERS 
USR -See table-
Type USR condensers 
are small, compact, low. 
loss units. Their sol-
dered construction 
makes them particularly 
suitable For applications 
where vibration is pres-
ent. Adjustment is made 
with a screw driver. 
Steatite base. 

USE - See table -
Type USE condensers 
are similar to Type USR, 
but are provided with a 
1/4" diameter shaft ex-
tension at each end. 

USL -See table -
Type USL condensers 
are similar to Type USR, 
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 US series described 
above, but they differ 
in making use of plates 
which are the same 
as those of the UM 
condenser. This and 
other small changes re-
sults in a more robust 
and rigid assembly. 
Other details of the 
MSR, MSE, and MSL 
are the same as the USR, 
USE, and USL respec-
tively. 

Capacity Catalog Symbol List 

25 mmf. USR-25 
50 USR-50 
75 USR-75 

100 USR-100 
140 USR-140 

USE-25 
USE-50 
USE-75 
USE-100 
USE-140 

USL-25 
USL-50 
USL-75 
USL-100 
USL-140 

11.45 
1.65 
1.90 
2.10 
2.50 

Capacity 

25 mmf. 
50 
75 

100 

Catalog Symbol List 

MSR-25 
MSR-50 
MSR-75 
MSR-100 

MSE-25 
MSE-50 
MSE-75 
MSE-100 

MSL-25 
MSL-50 
MSL-75 
MSL-100 

S1.45 
1.65 
1.90 
2.10 

Capacity 
Minimum I No. of 
Capacity Plates Air Gap 

Catalog 
Symbol List 

15 mrd. 
35 
50 
75 

100 
25 

1.5 
2.5 
3 
3.5 
4.5 
3.4 

6 
12 
16 
22 
28 
14 

.017" 

.017" 

.017" 

.017" 

.017" 

.042" 

UM-15 
UM-35 
UM-50 
UM-75 
UM-100 

UMA-25 

S1.40 
1.65 
1.75 
1.90 
2.10 
2.00 

BALANCED STATOR MODEL 

25 2 4-4-4 .017" UMB-25 $2.00 

M-30 Type M-30 isLiast $ small 

adjustable mica con-
denser with a maximum 
capacity of 30 mmf. 
Dimensions 13(6" x ?I'6" x 
1/2". Isolantite base. 
W-75, 75 mmf List $2.50 
W-100, 100 mmi. List $2.75 
Small padding condens-
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 
PB-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 angle foot sup-
plied or by bolts and 
spacers. See table for 
sizes. 

Dimensions: Base 1" x 
21/4 ", Mounting holes 

X 1%", Axial 
length 21/8" overall. 

Plates: Straight line ca-
pacity, 180° rotation. 

NATIONAL NEUTRALIZING CONDENSERS 
NC-600U List $.60 

VVIth standoff insulator 

NC-600 List $.50 
Without insulator 

For neutralizing low power 
beam tubes requiring from .5 
to 4 mmf, and 1500 max. total 
volts such as the 6L6. The 
NC-600U is supplied with 
a GS-10 standoff insulator 
screwed on one end, which 
may be removed for pigtail 
mounting. 

STN List $2.00 
The Type STN 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. 

TCN List $4.00 
The Type TCN is similar to the 
TMC. It has d maximum capacity 
of 25 mmf (6000 V), making it 
suitable for the 203A, 211 
and similar tubes. 

All prices subject to 

NC-800 List $3.00 
ihe NC-800 disk-type neu-
tralizing condenser is suitable 
for the RCA-800, 35T, 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 $4.50 
For 75T, 808, 811, 812 & 
similar tubes. 

NC-150 List $7.25 
For HK354, RK36, 300T, 852, 
etc. 

NC-500 List VI 3.75 
For WE-251, 450TH, 450TL, 
750TL, etc. 

These larger disk type neutral-
izing condensers are for the 
higher powered tubes. Disks 
are aluminum, insulation stea-
tite. 

change without notice 7 
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NATIONAL TRANSMITTING CONDENSERS 

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 lsolantite. 
Voltage ratings listed are conservative. 

Capacity Minimum ' Peak No. of 
Length Air Gap Capacity Voltage Plates 

Catalog 
Symbol 

List 
Price 

SINGLE STATOR MODELS 

100 Mmf. 9.5 
150 11 
250 13.5 
300 15 
35 8 
50 11 

50-50 Mmf. 
100-100 
50-50 

3,, 
3,, 
3,, 
3,, 
3,, 
3,, 

.026" 

.026" 

.026" 

.026" 

.065" 

.065" 

1000v. 
1000v. 
1000v. 
1000v. 
2000v. 
2000v. 

9 TMS-100 $2.75 
14 TMS-150 3.00 
22 TMS-250 3.30 
27 TMS-300 4.00 
7 TMSA-35 3.30 

11 I TMSA-50 3.60 

DOUBLE STATOR MODELS 

6-6 
7-7 

10.5 10.5 

3" , .026" 
3" .026" 
3" .065" 

1000v. 
1000v. 
2000v. 

5-5 
9-9 

11-11 

TMS-50D 
TMS-100D 
TMSA-50D 

$4.25 
5.00 
4.40 

TYPE TMH 
features very compact construction, excellent 
power factor, and aluminum plates .040" th ick 
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. 

Minimum Length Air Gap Peak No. of Catalog 
Capacity Capacity Voltage Plates Symbol 

50 Mmf. 
75 

100 
150 
35 

SINGLE STATOR MODELS 

List 

9 3%" .085" 3500v. 15 TMH-50 $3.85 
11 33A" .085" 3500v. 19 TMH-75 4.40 
12.5 51/2 " .085" 3500v. 25 TMH-100 5.25 
18 61/2" I .085" 3500v. 37 TMH-150 6.60 
11 51/8" .180" 6500v. 17 TMH-35A 5.75 

DOUBLE STATOR MODELS 

35-35 Mmf. 
50-50 
75-75 

6-6 
8-8 

11-11 

33/4 " .085" 3500v. 
51/8" .085" 3500v. 
61/2" .085" 3500v. 

9-9 
13-13 
19-19 

TMH-35D $6.00 
TMH-50D 6.60 
TMH-75D 8.00 

8 All pnces subject to change without notoce 



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. !soIan-
tite insulation. 

Capacity 
Minimum 
Capacity Length Air Gap Peak No. of 

Voltage Plates 
Catalog 
Symbol 

List 
Price 

SINGLE STATOR MODELS 

35 Md. 7.5 27A2" .047" 1500v. 7 TMK-35 $3.60 
50 8 2 3/8 - .047" 1500v. 9 TMK-50 3.85 
75 9 21%6" .047" 1500v. 13 TMK-75 4.15 

100 10 3" .047" 1500v. 17 TMK-100 4.40 
150 10.5 35/8" .047" 1500v. 25 TMK-150 5.00 
200 11 41/4 " .047" 1500v. 33 TMK-200 5.50 
250 11.5 47/8" .047" 1500v. 41 TMK-250 6.00 

DOUBLE STATOR MODELS 

35-35 Mrd. 7.5-7.5 3" .047" 1500v. 7-7 TMK-35D $5.75 
50-50 8-8 35/8" .047" 1500v. 9-9 TMK-50D 6.50 

100-100 10-10 41/4 " .047" 1500v. 17-17 TMK-100D 8.00 

Swivel Mounting Hardware for AR 16 Coils SMH S .15 

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 lsolantite. The stator in the split stator models is 
supported at both ends. tè (k) 

4,1* 

Capacity 
Minimum 
Capacity Length Air Gap 

Peak 
Voltage 

No. of 
Plates 

Catalog 
Symbol 

List 
Price 

SINGLE STATOR MODELS 

50 Md. 10 3" .077" 3000v. 7 TMC-50 $4.40 
100 13 31 " .077" 3000v. 13 TMC-100 5.00 
150 17 458" .077" 3000v. 21 TMC-150 5.75 
250 23 6' .077" 3000v. 32 TMC-250 6.60 
300 25 63/4" .077" 3000v. 39 TMC-300 7.25 

DOUBLE STATOR MODELS 

50-50 Md. 9-9 45/8" .077" 3000v. 7-7 TMC-50D $7.25 
100-100 11-11 63/4 " .077" 3000v. 13-13 TMC-100D 8.25 
200-200 18.5-18.5 914" .077" 3000v. 25-25 TMC-200D 11.00 

All prices subject to change without notice 
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NATIONAL TRANSMITTING CONDENSERS 

Capacity Minimum Capacity 

TYPE TMA 
is a larger model of the popular TMC. The frame is ex-
tremely rigid and arranged for mounting on panel, 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. 

Length Air Gap VI No. of 
oltage Plates 

SINGLE STATOR MODELS 

300 Mrnf. 
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/n" 

9,.4" 
91/4 " 

121/2 " 
71/8" 
127/8" 

.077" 

.171" 

.171" 

.171" 

.171" 

.265" 

.265" 

.359" 

.359" 

3000v. 
6000v. 
6000v. 
6000v. 
6000v. 
9000v. 
9000v. 

12000v. 
12000v. 

Catalog List 
Symbol Price 

23 
7 
15 
21 
33 
23 
33 
13 
25 

TMA-300 
7MA-50A 
TMA-100A 
TMA-150A 
TMA-230A 
TM A-10013 
TMA-150B 
TMA-50C 
TMA-100C 

$12.00 
6.50 

10.00 
12.00 
16.00 
13.50 
17.00 
8.00 

14.50 

200-200 MinIf. 
50-50 

100-100 
60-60 
40-40 

15-15 
12.5-12.5 
17-17 

19.5-19.5 
18-18 

DOUBLE STATOR MODELS 

$17e, 

121/2 " 
1278" 

.077" 

.171" 

.171" 

.265" 

.359" 

3000v. 
6000v. 
6000v. 
9000v. 

12000v. 

16-16 
8-8 
14-14 
15-15 
11-11 

TMA-200D 
7MA-50DA 
TMA-100DA 
TMA-60DB 
TMA-400C 

$15.00 
11.00 
17.50 
18.50 
13.50 

Minimum 
Capacity 

TYPE TML 
condenser is a 1 KW job throughout. Isolantite 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 

75 Mrnf. 
150 
100 
50 

245 
150 
100 
75 

500 
350 
250 

25 
60 
45 
22 
54 
45 
32 
23.5 
55 
45 
35 

Length Air Gap Peak 
Voltage 

No. of I Catalog List 
Plates Symbol I Price 

SINGLE STATOR MODELS 

1E08," 

135/8" 
8%" 

18,5¡" 
135/8" 
10%" 
8%" 

18 1e 
135/8" 
10%1' 

.719" 

.469" 

.469" 

.469" 

.344" 

.344" 

.344" 

.344" 

.219" 

.219" 

.219" 

20,000v. 
15,000v. 
15,000v. 
15,000v. 
10,000v. 
10,000v. 
10,000v. 
10,000v. 
7,500v. 
7,500v. 
7,500v. 

17 
27 
19 
9 

35 
21 
15 
11 
49 
33 
25 

TML-75E 
TML-150D 
TM L-1000 
TML-50D 
TML-245B+ 
TML-1508+ 
TML-100B+ 
TML-75B+ 
TML-500A+ 
TML-350A + 
TML-250A+ 

$28.75 
29.00 
26.00 
18.00 
31.50 
28.75 
27.50 
20.00 
38.50 
30.75 
28.75 

DOUBLE STATOR MODELS 

30-30 Mmf. 
60-60 
100-100 
60-60 
200-200 
100-100 

12-12 
26-26 
27-27 
20-20 
30-30 
17-17 

18 11.i" 
183e 
18ii" 
135/8" 
18,14" 
109‘" 

.719" 

.469" 

.344" 

.344" 

.219" 

.219" 

20,000v. 
15,000v. 
10,000v. 
10,000v. 
7,500v. 
7,500v. 

7-7 
11-11 
15-15 
9-9 
21-21 
11-11 

TML-30DE 
TML-60DD 
TML-100L3B+ 
TML-60D8+ 
TML-200DA + 
TML-100DA+ 

$29.00 
31.50 
35.00 
30.00 
38.50 
31.50 

10 
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NATIONAL RF CHOKES 
R-100 List $.50 
Without standoff insulator 

R-100U List 5.60 
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 Isolantite insulation and 
both have a continuous uni-
versal winding in four sec-
tions. Inductance 21/2 m.h.; 
distributed capacity 1 mmf.; 
DC resistance 50 ohms; cur-
rent rating 125 ma. 

R-300 List 5.50 
Without insulator 

R-300U List 5.60 
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 mmf.; DC. 
resistance 10 ohms; current 
rating 300 ma. 

R-152 List $2.50 

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 Isolantite 
core. 

R-154 List $2.50 

R-1 54U List $4.00 

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 Isolantite 
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 $3.00 

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 swell 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 volts. 

NATIONAL SHAFT COUPLINGS 

Tx-1 

1.30111111111111.11.7 TX-2 

TX-10 

TX-9 

TX-8 

TX-1, Leakage path 1" 
List 51.10 

TX-2, Leakage path 21/2 " 
List $1.25 

Flexible couplings with glazed 
Isolantite insulation which fit 1/4 " 
shafts. 

TX-8 List 5.85 
A non-flexible rigid coupling 
with Isolantite insulation. 1" 
diam. Fits 1/4" shaft. 

TX-9 List $1.25 
This small insulated flexible 
coupling provides high electrical 
efficiency when used to isolate 
circuits. Insulation is Steatite. 
15/8" diem. Fits 1/4 " shaft. 

All prices subject to change without notice 

NATIONAL POWER SUPPLIES 
National Power Supplies are 
specially designed for high fre-
quency receivers, and include 
efficient filters for RF disturb-
ances as well as for hum fre-
quencies. The various types for 
operation from an AC line are 
listed under the receivers with 
which they are used. 

TX-10 List $.60 
A very compact insulated cou-
pling free from backlash. Insula-
tion is canvas Bakelite. *1..e 
diam. Fits  1/4 " shaft.  

TX-11 List 5.70 
The flexible shaft of this coupling 
connects shafts at angles up to 90 
degrees, and eliminates mis-
alignment problems. Fits 1/4 " 
shafts. Length 41/4 ". 

TX-12, Length 41/2 " List $1.40 
TX-13, Length 71/2 " List $1.65 
These couplings use flexible 
shafting like the TX-11 above, 
but are also provided with 
Isolantite insulators at each end. 

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 $49.50 

11 



TRANSMITTER COIL FORMS 
The i ransmitter 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 
PB-15, Plug only 
XB-15, Socket only 

List 51.65 
List 54.00 
List $1.50 
List $2.00 

ASSEMBLIES 

UR-10A, Assembly (Including small Coil 
Form, Plug and Socket) List $5.00 
UR-14A, Assembly (including large Coil 
Form, Plug and Socket) List $7.00 

EXCITER COILS ÀND FORMS TYPE AR-16 (Air Spaced) 
These air-sprekspfliteuAbil> Vb in stages where the 
plate input d8ell'egetére1136P5M/Alt bid are available in the 
sizes tabul resonate the coils 
at the low IligliStyll:Mehennclude all stray circuit 
capacities. All have seoa te link coupling coils and all fit the 
PB-16 Plug and XB-1 

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 winding length of 13/4 ". 

Order by Ca ol Shown in This Table 

Bend End Link Ca 
NA 

1 Center Cap 
, Link Mmf 

Swinging 
Link 

GIP 
A4mI 

5 meter 
_ 

AR16-5E 2 AR16-5C 20 — — 

10 meter FEIMP ARItY20 AR16-10S 25 

20 meter 6 AR16-20S 40 

40 meter A 1 3 6- 0 33 AR16-40S 55 

80 meter AR16-80E 37 AR16-80C 37 AR16-80S 60 

160 meter AR16-160E 65 AR16-160C 65 — — 

All prices subject to change without notice 
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XR-16, Coil Form only Llst $.70 
P8-16, Plug-in Base only List 5.45 
X8-16, Plug-in Socket only List 5.55 

AR-16 Coils— IMrrr,M7see table) In-
oh/alga« AMUiiIUsSC cNTINUED 

inch, List VI.65 

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 molded R-39. 

The two coil forms are of Isolantite, left unglazed to provide a tooth for 
coil dope. The larger form, 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 bf 23/4 ". 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 List 55.00 
FXTB-5, with 5 prong base List 55.50 
FX114-6 with 6 prong base List $5.50 

PLUG-IN BASE 
AND SHIELD 

The low-loss R-39 base is ideal for 
mounting condensers and coils 
when it is desirable to have therm 
shielded and easily removable. 
Shield can is 2" x 2343" x 41/8". 
PB-10-5,(5 Prong Base & Shield) List 5.85 
PB-10-6,(6 Prong Base & Shield) List 5.85 
PB-10A-5, (5 Prong Base only) List 5.45 
PB-10A-6, (6 Prong Base only) List 5.45 

5-B-100 TANK 

SINGLE UNITS 
XR-13, Coil Form only List 51.25 
XR-13A, Coil Form only List S .70 
PB-5, Plug only List $ .85 
XB-5, Socket only List S .85 
ASSEMBLIES 
UR-13A, Assembly (including small 

Coil Form, Plug and Socket) 
List $2.25 

UR-13, Assembly (including large 
Coil Form, Plug and Socket) 

List $2.75 

The National 5-B-100 is a complete t k circuit (including coils con-
denser and R.F. choke), which tunes rough five amateur band; with 
a single dial. The tank replaces th tuning condenser, set of Five 
plug-in coils, plug-in coil socket an R.F. choke, without sacrificing 
efficiency or space, yet it costs no re. 

The 5-B-100 is actually more comp ct than a tuning condenser and 
mounted plug-in coil In addition to 
the compactness and i#44frentA of the 5-B-100, 
the tank provides for t e first time a real constant L C ratio through-
out the tuning range. Harmonics from the low-frequency bands are 
suppressed without nitireldeintjarlienhigh-Frequency 
bands. Constant link I9,1158illlàbineleiplifFfefffiy be used. 
The 5-B-100 is an ideal plate ta k for R.F. amplifiers using such 

tubes as 35T, 809, 811, 812, RK 11, RK-12, HK-24, HY-30Z, 
HY-51Z etc. with input up to 150 tts (1250 volts unmodulated or 
750 volts modulated maximum). Also ideal .for grid tank of amplifiers 
up to 2 KW plate input. 

Four mounting insulators are suppli ed on the base. Overall dimen-
sions are 4 inches wide, 6 inches his-h and 8 inches deep. Shipping 
weight, 5 lbs. 5-B-100 Tank, List $40.00 

All prices subject to change without notice 
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NATIONAL PARTS 

POLYSTYRENE COIL FORMS 

PRC 

r i PRO PRE 

PRF 

COIL FORMS 
XR-1, Four prong, List $55 
XR-2, without prongs 

List $40 
Molded of R-39, permitting 
them to be grooved and 
drilled. Coil form diameter 
1", I ength 11/2".  

XR-3 List $35 
Molded of R-39. Diameter 
í6", length 3/4". Without 

prongs. 

XR-4, Four prong, List $85 
XR-5, Five prong, List $.85 
XR-6, Six prong, List $85 
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 Coi I Form, 

List S.85 

IMPEDANCE COUPLER 
S-101 List $6.60 
A plate choke, coupling con-
denser and grid leak sealed 
n one case, for coupling the 
output of a regenerative 
detector to an audio stage. 
Used in SW-3U. 

OSR List $1.65 
OSCILL7R COIL 

A shielded oscillator coil 
luty th 

korigentlex: 
frequency os • Ilator in super-
regenerative 1eceivers. 

H. F. CulL P ORMS 

Í Symbol Di...tsr Length List 
Outside 

PRC-1 
PRC-2 
PRC-3 

PRO-1 
PRD-2 
PRE-1 
PRE-2 
PRE-3 
PRF-1 
PRF-2 

• . wo separate 

31." 
316 

34" 

5.20 
.20 

3/4 " .20 

1/2" 

3/4-
2" 

.20 

.20 

.25 

.25 

.35 

.35 

.45 

COIL SHIE DS 

RO, coil sheIJList $40 
2" x 23/8" x W' high 

J30 oil shield List $.40 
2 MPORARILY 

rdextit44 nittilet 
mounting bas 

B30-B, coil shield List 155 
Same as ab e, but with 
mounting bas 

TUBE SHIE DS 
IS, tube shiel List $45 
With cap and ase. 

158, tube shi Id List S.45 

I llebeeeter' 

«SCOW I NLIER5 
With cap an4 base, for 77, 
78, etc. tube 

T14, tube shi Id List $45 
21/g" high, f 814, RK-20, 
etc. 

107, tube shi Id List S.45 
3" high, for 47, RK-23, etc. 

JACK SI--.117:7 

JUMP ORA mum 
For shielding small standard 

/DISCONTINUED, 
panel, or or ends of 
extension cor 

Type C-SW3 

Type C-NC100 

Type C-HRO 

Type C-One-Ten 

Type C-SRR 

Width 

93/4 /1 

Height 

7" 

83/4 " 

83/4 

7" 

7" 

Depth List Price 

9" 

11 1./4" 

10" 

71/4 " 

71/2 " 

$6.00 

9.50 

9.50 

5.00 

4.00 

NATIONAL CABINETS 

The National Cabinets listed below are the 
same as those used in National 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. 



Lsnumi 

CHART FRAMES 

PUSH SWT 
ACS-4, Four ng, with trig-
ger bar List $5.50 

Cei4e0RAci«Ve4u 
TSDketc0Pitn kli gid¡jsh m-
plete reliabiliy and positive 
contacts. Insula ion is R-39. The 
silverplated c tacts are dou-
ble pole, dou e throw. 

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 $.55 

COIL DOZ". 

, ED RA RiLlt65 
Liqui. 'olystyrene ement— 

irgeçOeleftlethie 
oest coil foji ..«. 

SPEAKER CABINETS 
NDC-8 for 8" speaker 

List $5.50 
ND(-10 or 10" speaker 

List $6.60 
NDC-2 for 10" speaker 

List $8.50 

These metal speaker cabinets 
are acoustically correct. They 
are lined with acoustic felt, 
and are of welded construction 
.o 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, I ess tubes List $21.00 
1" screen, using RCA-913 and 6X5 rectifier. Table model, 
41/n" x 61/8" x 8". 
CRR, less tubes List $35.00 
2" screen, using RCA-902 and 6X5 rectifier. Relay rack 
mounting. 

NATIONAL PARTS 
I. F. TRANSFORMERS 

I FC, Transformer, air core List $5.50 

I FCO, Oscillator, air core 
List 55.50 

Air dielectric condensers iso-
lated from each other by an 
aluminum shield. Litz wound 
coils on a moisture proofed 
ceramic base. Shield can 41/2 " 
x 23/8" x 2". Available for 
either 175 KC or 450-550 
KC. Specify frequency. 
I FD, Diode Transfolner, air core 

List $3.85 

TufflcloterytenTérseconailecoir 
gtilleMajel 

fu 

450-550 KC, 
IFE, Transformer. 

core, 450-550 

r core only. 
e as IFC but iron 
only 

List $5.50 

NATIONAL 
FIDELITY T 

Each chassis pr 
stage RF Ampli 
station only. 

Each RF Tran 
both primary 
(8 tuned circui 
is adjustable t 
with less than 
ther 
adfb 

t?zDIsthiln 
and 1100-1700 KC. The 
chassis fits a Ist. ndard 31/2" 
relay rack pan 

DLUS, Tuner, wir 
IA" steel, wrinkle 

DLUA, Tuner, sa 
3/16" aluminum 
less tubes 

DLCA, Chassis 
sockets and termi 

DLPS, Steel 1/2 " 

DLPA, Aluminum 

HIGH 
F UNITS 

vides a three-
r tuned to one 

former is tuned 
d secondary 

). The coupling 
include 10 KC 
db variation in 

MO= tios 
• • 

.. 
er 

and tested unit on 
nish, less tubes, 

List $82.50 

e as DLUS but has 
sel, crackle finish, 

List $86.50 

s illustrated with 
Is riveted in place 

List $5.00 

sel List 51.65 

/16" panel 
List $5.50 

DLT, RF Transfor er, set of four re-
quired List, each $7.25 

(Specify operating fr  



NATIONAL LOW-LOSS SOCKETS AND INSULATORS 

XCA List $1.65 
A low-loss socket for acorn 
triodes. 

XMA List $2.20 
For pentode acorn tubes, this 
socket has built-in by-pass con-
densers. The base is a copper 
plate. 

XM-10 List $1.50 
A heavy duty metal shell socket 
for tubes having the UX base. 

XM-50 List $2.00 
A heavy duty metal shell 
socket for tubes having the 
Jumbo 4-pin base (-fifty watt-
ers''). 

JX-50 List $1.35 
Without Standoff Insulators 

JX-50S List $1.65 
With Standoff Insulators 

A low-loss wafer socket for 
the 813 and other tubes having 
the Giant 7-pin base. 

ix-100 List $3.30 
Without Standoff Insulators 

JX-100S List $4.00 
With Standoff Insulators 

A low-loss wafer socket for 
the 803, RK-28 and other 
tubes using the Giant 5-pin 
base. 

SAFETY GRID & PLATE 
CAPS 

SPG List $.40 
%6" Cap,_ R-39 L. L. insulation. 
These offer protection against 
accidental contact with High 
Voltage lobe caps. 

SPP-9 List $.40 
9/16" Cap L. L. ceramic in-
sulation. 

SPP-3 List $.35 
3/8" Cap L. L. ceramic insulation 

GRID & PLATE GRIPS 

12, for 9/16" Caps List 1.10 
24, for 343" Caps List $.05 
8, for 1/4" Cap List $.05 
12 & 24 suitable for glass tubes 
8 is for metal tubes 

GS-1, 1/2 " x 13/8" List $.40 

GS-2, 1/2" x 27/8" List $.50 

GS-3, 3/4" x 27/8" List $1.00 

GS-4, 3/4 " x 47/8" List $1.25 

GS-4A, 3/4" x67/8"List $1.75 

Cylindrical low-loss steatite 
standoff insulators with nickel 
plated caps and bases. 

GSJ, (not illustrated) List 110 
A special nickel plated jack 
top threaded to fit the 3/4” 
diameter insulators GS-3, GS-4 
& GS-4A. 

GS-5, 11/4" 

GS-6, 2" 

GS-7, 3" 

List, each $.40 

List, each $.70 

List, each $1.25 

GS-10, 3/4", package of 10 
List $1.20 

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 190 

GS-9, with Jack List $1.25 

These low-loss steatite stand-
off insulators are also useful as 
lead-through bushings. 

GS-1 

GS-3 

I GS-2 

GS-4 GS-4 • 

GS-10 

1 

GS-6 

GS-5 

GS-7 

XC Series Sockets 
XC-4 
XC-5 
XC-6 
XC-7S 
XC-71 
XC-8 

List $.60 
List 2.65 
List 2.70 
List 2.75 
List 2.75 
List 2.65 

National wafer sockets have exceptionally 
good contacts with high current capacity to-
gether with low loss Isolentite insulation A I 
types have a locating groove to make tube 
insertion easy. 

All prices subject to change without notice 



NATIONAL LOW-LOSS SOCKETS AND INSULATORS 

FWAe le FWE 
eder-

FWC 

FWG List 5.70 

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 5.95 

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 
some as FWG above. 

FWJ List 5.75 

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 $1.10 

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 $.30 
Brass Nickel Plated 

FWE, Jack List; each 5.20 
Brass Nickel Plated 

FWC, Insulator 
List, per pair 5.40 

R-39 Insulation 

FWB, Insulator List, each 5.10 
Polystyrene insulation 

CIR Series Sockets 
Any Type List $.45 

Type OR 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. The sockets are 
supplied with two metal standoffs. 

AA-3 List 5.60 

A low-loss steatite spreader 
for 6 inch line spacing. (600 
ohms impedance with No. 12 
wire.) 

AA-5 List 5.50 

A low-loss steatite aircraft-
type strain insulator. 

AA-6 List $.90 

A general purpose strain in-
sulator of low-loss steatite. 

XS-6 List, each $.20 

A low-loss isolantite bushing 
for 1/2" holes. 

XP-6 

Same as above but V'ctron. 
List, box of ten 5.85 

TPB List, per dozen 5.85 

A threaded polystyrene bush-
ing with removable .093 con-
ductor moulded in, 1/4" diam., 
32 thread. 

XS-7, (3/4 " Hole) 

XS-8, (1/2 " Hole) 

List $.55 

List 5.75 

Steatite bushings. Prices in-
clude male and female bush-
ings with metal fittings. 

XS-1, (1" Hole) List $1.20 

XS-2, (11/2" Hole) List 51.35 
Prices listed are per pair, in-
cluding metal fittings. Insula-
tion steatite. 

XS-3, (23/4 " Hole) List $6.00 

XS-4, (33/4 " Hole) List $7.25 

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 $8.25 

XS-5F, With Fittings 
List, per pair 517.00 

These big low-loss bowls have 
an extremely long leakage 
path and a 51/4" flange for 
bolting in place. Insulation 
steatite. 

'VXP6 

XS-7 

'i\à e  

XS-8 

XS-1 

Art XS-2 



NATIONAL 
NC-200 
The National NC-200 is a new 
communications receiver hav-
ing a number of features not 
previously available. Twelve 
tubes are used in a highly per-
fected circuit that includes an 
extremely effective noise lim-
iter. The crystal filter has an 
exceptionally wide selectivity 
range for use on both CW and 
phone, as well as a phasing 
circuit that makes rejection 
ratios as high as 10,000 to 1 
available even when the inter-
fering signal is only a few 
hundred cycles from the desired signal. The AVC 
holds the audio constant within 2 db for signals from 
10 microvolts to 100,000 microvolts. The sensitivity 
of the NC-200 is particularly high, requiring only 
1 microvolt input for 1 watt of audio output on the 
highest frequencies covered by the receiver. Sig-
nal-to-image ratio is better than 30 db at ten meters. 

There are ten calibrated coil ranges, each with its 
own scale on the direct-reading dial. Six of these 
ranges provide continuous coverage from 490 KC 
to 30 MC. The remaining four ranges cover the 10, 
20, 40 and 80 meter bands, each of which is spread 
over the major portion of the dial scale. Ranges are 
selected by a panel control knob. A movable-coil 
system similar to the NC-100 is used. The inertia-
type dial drive has a ratio of about 20 to 1. 

All models of the NC-200 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 

NATIONAL NEW 
NC-45 
The NC-45 receiver is an eight tube super-
heterodyne combining capable performance 
with low price. Features include a series 
valve noise limiter with automatic threshold 
control, tone control, CW oscillator, separate 
RF and AF gain controls, and AVC. Power 
supplies are self contained except for the 
battery model which must have an external 
source of heater and plate power, such as 
batteries or vibrapack. 
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 contacts selects the four ranges from 550 KC to 30 MC. Prov'sion 
is made for either headphone or speaker. 

Like all receivers which have no preselector stage, the NC-45 is not entirely free from images. How-
ever, where price is an important consideration, the NC-45 will be found a very satisfactory receiver. 
NC-45 —Receiver only, complete with tubes, coils covering from 550 KC to 30 MC for 105-130 volts AC or DC operation — 

Lust $84.17 
List $84.17 
List $84.17 
List $11.66 
List $2.75 

circuits of the audio power stage thus providing 
maximum battery economy. The B supply filter and 
the standby switch are wired to the battery ter-
minals, 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. 

All features expected in a fine communication re-
ceiver are provided. These include CW oscillator, 
Signal Strength Meter, B-supply switch, etc. A 
phonograph input jack is provided. 

NC-200 TG, Table Model, two tone gray wrinkle receiver only. 
List $265.83 

NC-2 TS, Table mounting 10" P.M. Loud Speaker in cabinet to 
match NC-200 TG above. List $25.00 

NC-200 RG, Rack Model, gray wrinkle 3/16" aluminum panel 
receiver only. List $289.33 

NC-2 RS, Rack Mounting 10" P.M. Loud Speaker on 10 1/2 " 
panel to match NC-200 PG above. List $25.00 

black finish. 
NC-458 — Receiver only, same as above but for battery operation, less batteries. 
NC-45A — Receiver only, same as above but for 105-130 volts AC only. 
NC-44TS — Loud Speaker in table mounting cabinet to match above receivers. 
RRA — Relay Rack Adapters designed for mounting these receivers in e standard relay rack. 
Shipping Weights: All models, 45 pounds, including speaker. 

All prices subject to change without notice 
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HRO table model, receiver only, complete with four 
sets of coils (1.7-4.0, 3.5-7.3, 7.0-14.4, 14.0-30_0 
MCS). List $329.50 
HRO Jr., table model, receiver only, with one set of 
14 to 30 mc. coils. List $198.00 

COILS 
HRO Type E, Range 900-2050 kc List $22.00 
HRO Type F, Range 480-960 kc List $22.00 
HRO Type G, Range 180-430 kc List $30.00 
HRO Type H, Range 100-200 kc List 833.00 
HRO Type .1, Range 50-100 kc List $40.00 

HRO Jr. 'ype JA, Range 14.0-30.0 mc List 518.25 
HRO Jr. f ype 18, Range 7.0-14.4 mc List 518.25 
HRO Jr. f ype JC, Range 3.5-7.3 mc List 518.25 
HRO Jr. Type JD, Range 1.7-4.0 mc List $18.25 

MCS table model cabinet, 8" PM dynamic speaker 
ano matching transformer List $18.25 
697 Table power unit, 115 volt, 60 cycle inputi 6.3 
volt heater and 230 volt, 75 ma. output, with tube 

List $29.50 
See our 1942 catalogue No. 500 for relay rack 
mounting, coil containers and accessories. 

NATIONAL HRO 
The HRO Receiver is a high-gain superheterodyne designed 
for communication service. Two preselector stages give 
remarkable 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 variable selectivity and phasing con-
trols 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 S9 from 0 to 40. Also included are automatic and 

manual volume control features, a beat oscillator, a headphone jack and a 
13-1- stand-by switch. Power supply is a separate unit. The standard model 
of HRO is supplied with four sets of coils covering the frequencies from 
1.7 to 30 megacycles. Each coil set covers two amateur bands and the 
spectrum between. The higher frequency amateur band of each range, by 
a simple change-over operation, may be expanded to occupy 400 divi-
sions of the 500 division PW instrument type dial. 

For those who require the high performance of the HRO but do not need 
its extreme versatility, the HRO Jr. is offered. The fundamental circuit 
and mechanical details of both receivers are identical, but the HRO Jr. 
is simplified by omitting the crystal filter, signal strength meter and by 
supplying coils less the band-spread feature. 

The frequency range of both the HRO and HRO Jr. may be extended to 
50 kilocycles by using additional coil sets. 

All models of the HRO are supplied with 6.3 volt heater type tubes. 
Table models and accessories are finished in black wrinkle enamel. 

A technical bulletin covering completely all details will be supplied 
upon request. 

NATIONAL NC-100A 
NC-101X 

These 11 tube superheterodyne receivers are self-contained (except for 
the speaker) in a table model cabinet that is readily adapted to relay rack 
mounting. One stage of R.F. and two stages of I.F. are used. Low loss 
insulation and high-O coils give ample sensitivity and selectivity. Separate 
R.F. and Audio Gain Controls and a signal strength meter are mounted on 
the panel. Other controls are tone, CW Oscillator, AVC with amplified 
and delayed action, a B-1- switch, and a phone kick. A self-contained 
power supply provides all necessary voltages including speaker field 
excitation. Thé range changing system is unique in that it combines the 
mechanical convenience of a coil switch with the electrical efficiency of 
plug-in coils. 

All NC-100 series receivers are fitted with a noise limiter of truly remark-
able effectiveness. 

The NC-100A, illustrated above, covers the range from 540 KC to 30 
MC. The large full vision dial is calibrated directly in megacycles and a 
separate high speed vernier scale provides high precision in logging. 
The NC-100XA is similar but equipped with a crystal filter. 

The NC-101X, illustrated below, is built strictly for the amateur bands and 
covers only the following ranges: 1.7-2.05 MC, 3.5-4.0 MC, 7.0-7.3 
MC, 14.0-14.4 MC. end 28.0-30.0 MC. The NC-101X is equipped with 

a crystal filter, S-meter, and the PW type instrument dial. 
NC-100A — complete with tubes. AC model — 10" speaker in 
cabinet.. List $220.00 
NC-100XA — complete with tubes end crystal filter. AC model — 
10" speaker. List $261.25 
NC-101X — complete with tubes. AC model — 10" speaker in 
cabinet. List $236.50 
NC-101XA — complete with tubes. AC model — 10" speaker 
in cabinet. List $236.50 
See our 1942 ceelogue No. 500 for battery models, 12 inch 
speakers, 200-400 kc range, etc. 

The NC-101XA has the same features as the NC-101X, 
except for the direct reeding dial and the cabinet, which are 
similar to the NC-100XA. 

NOTE: Special models of the NC-100 receiver with bands 
covering a 200-400 KC range are available. Prices furnished 
upon request. Battery models can be operated from 686 
Vibrapak. 

All prices subject to change without notice '''
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110 Receiver and 6 sets of coils, without 
tubes, speaker or power supply. List $93.50 

5886 Power Supply for above receiver, with 
tube. List 432.50 

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 tuning dial operates a precisely adjusted 
two gang condenser; the regeneration control is smooth and 
noiseless, with no backlash or fringe howl; the volume control is 
calibrated from one to nine in steps corresponding to the R scale. 

ONE UNIVERSAL MODEL — The circuit of the SW-3U is arranged for 
either battery or AC operation without coil substitution or circuit change. 
Battery 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 $38.50 

5886-AB, Power Supply, 115 V, 
60 cycle, with 80 Recti 

List $32.50 

General Coverage Coils 
Cat List 
No. Range — Meters Per Pair 
30 9 to 15  $3.85 
31 13.5 to 25. 3.C5 
32 23 to 41   3.85 
33 40 to 70. 3.85 
34 65 to 115. 385 
35 115 to 200. 3.85 
36 200 to 360  4.40 
37 350 to 550  4.40 
38 500 to 850  5.50 
39 850 to 1200  7.25 
40 1200 to 1500  7.25 
41 1500 to 2000  7.25 
42 2000 to 3000.. 9.50 

Band Spread Coils 
30A — 10 meter  $3.85 
31A -- 20 meter  3.85 
33A — 40 meter  3.85 
34A -- 80 meter  3.85 
35A — 160 meter  3.85 

NATIONAL SCR-2 
The SCR-2 is an extremely compact crystal 
controlled receiver for single channel recep-
tion mounted on a 31/2 " relay rack panel. It 
has two stages of tuned RF amplification, a dual 
purpose converter with crystal controlled 
oscillator, two stages of IF amplification, a 
detector and one audio stage. Auxiliary circuits 
are AVC, CW oscillator and noise limiter. Nine 

tubes are used, and the power supply is self-contained. 
The SCR-2 is definitely a high performance receiver. Signal-to-noise ratio averages 10 db for an input 

of 2.5 microvolts. The AVC is flat within 4 db for inputs from 1 microvolt to well over 1 volt. Being crystal 
controlled, the frequency stability is excellent. The IF channel has a bandspread characteristic to allow 
for slight transmitter drift, etc. 
As the SCR-2 receiver is intended for communication work, the audio channel has been deliberately 

made flat only from 100 to 1500 cycles, with increasing attenuation of higher frequencies, thus providing 
good intelligibility with maximum reduction of unwanted signals and noise. 
SCR-2 receivers are available for use at fixed frequencies between 100 kcs and 18 mcs. A free booklet 

describing this receiver will be mailed on request. List, less crystal, S 
All prices subject to change without notice 

61 SHERMAN STREET, MALDEN, MASS., U. S. A. 
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As much as we'd like to boast about our products, nothing 

means so much to us as that wonderful day of November 8, 

1943, when we received the Army-Navy "E''. We're thrilled 

. . . we're forever grateful to the Army and Navy . . . and 

we're going to try awfully hard to live up to this honor. 

We've got a happy factory, staffed by a couple of hundred 

fine American girls and fellows. And we put all the ability 

we have into each job we do. On the basis of thirty years' 

experience. I have ideas as to what constitutes good telegraph 

apparatus. Our engineers, under Tom Whiteford, design the 

original working models. Our girls and fellows build them. 

Now a few words about our selling policy. We have no sales-

men, but we do have some resident representatives at points 

where they may be helpful. For example, in Chicago, there's 

Joe Goode at 325 West Huron Street. He knows the business 

of distributing communications equipment through commer-
cial outlets. In New York, there's Frank Rigby who has been 

my friend since our Marine days in the last World War, and 

who helps me by passing along information in that vicinity. 

And we have Hoyt Haddock whom I've known as a wireless 

operator for twenty years. Hoyt is in Washington not to "sell" 

but to tell about our equipment. 

P. S. The following pages describe the wireless telegraph ap-
paratus that we manufacture. The only thing that I can add to the 
pictures and descriptions of our equipment is this: "We never imi-
tate. We never copy. We design and build. And we can deliver." 

MANUFACTURING CORP. 
82 BROOKLINE AVE., BOSTON, MASS. 

WORLD'S LARGEST MANUFACTURER OF AUTOMATIC RADIO TELEGRAPH APPARATUS 
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Igh-Speed Automatic 

Radiotelegraph Assemblies 

The photograph in the top panel illustrates a complete McElroy automatic trans-
mitting assembly . . . in the lower panel you see a McElroy automatic receiving 

assembly. These installations are typical of the high-speed radio telegraph equip-
ment we supply to such international companies as R.C.A. Communications, 
Mackay Radio, Globe Wireless, Press Wireless ... as well as to Army and Navy 
services everywhere. 

On the following pages, each piece of equipment is individually illustrated and 
described. Technical manuals and operating instructions may be secured by 
writing direct to us. 

Ile MANUFACTURING CORPORATION 
0 • 6 e 
82 BROOKLINE AVENUE 

BOSTON, MASS. 
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*ELROY does it again 
7-----SHIP TO SHIP 

-use 
• - • - • • 

Aware of the need for an instrument that would provide more efficient marine 
radiotelegraph communications, Ted McElroy* and his creative engineers have per-

fected the Model PFR-443 Wheatstone Code Tape Perforator. 

Speed limitations of hand sending coupled with certain restrictions of manual 

operation have oftimes proved costly in time, money, and lives. Now, because of 

precise electrical and mechanical features, this new Perforator practically eliminates 

the human margin of error. These prepared tapes feed through automatic radio - 
telegraph transmitters. 

Simple to operate, the PFR-443 performs automatically or semi-automatically. Any-

one with a basic knowledge of signal codes can prepare tapes cleanly and accu-

rately at speeds up to 50 words per minute ... not only in International Morse, but 
in all other codes used throughout the world. Wheatstone Perforated Tapes also 

serve as file records of all. transmissions. Additional information may be obtained 
by writing to McElroy Manufacturing Corporation. 

• WORLD CHAMPION RADIO TELEGRAPHER FOR MORE THAN 20 YEARS 

Hasten the peace... keep 

MANUFACTURING COR 
82 BROOKLINE AVE., BOSTON, MA 

sje 

WORLD'S LARGEST MANUFACTURER OF AUTOMATIC RADIO TELEGRAPH APPARATUS 



PF11-443, Wheatstone 

Code Tape Perforator 

Well may TeeMCEIroy be proud of this remarkable unit. The Wheatstone Code Tape Perforator is 

unquestionably one of the outstanding contributions to the art of radio telegraphy. Actuated by 110 
volt AC, this model PPR-443 prepares tapes cleanly and accurately at speeds up to 50 words 

per minute . .. for feeding through automatic transmitters. 

The Wheatstone Code Tape Perforator assures perfect transmission of radio telegraph signals, thereby 

replacing inadequate hand-sending which often results in errors and repetition requests. Manual 
deficiencies contribute largely to unnecessary use of radio transmitters, with consequent congestion 

of the radio spectrum. 

An experienced radioman is not needed to effectively operate this Perforator. Anyone with a basic 
,knowledge of the dots and dashes comprising signal codes can prepare perfect tape for transmission 

. .. not only in International Morse but also in other codes used throughout the world including 

Japanese, Russian, Turkish, Arabic, Greek, etc. 

It's extremely simple to operate. The unit is placed in position similar to a hand telegraph key, and 
may be operated with a feather-light touch of the index finger, middle finger and thumb of the right 
hand. Depressing the dot, dash or space closes electrical contacts actuating a powerful die mechanism, 

This Perforator may be used fully automatic, providing a continuous series of characters, and with a 

variable speed control .. . or it may be operated semi-automatically to form only one character at 

a time. , 
This method of machine sending will prove otete:.Cetvaltre-; 
munications on ships and at all other lecidio s 

• 

J. 
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Model XTB-442 B 

Automatic Transmitter 
One of Ted McElroy's proudest achievements, the new 
XTR-422 B Automatic Transmitter is the answer to the 
problem of transmissions which must be calibrated exactly 
in words per minute, and kept for indefinite periods at a 
fixed rate. 

The XTR-442 B opens and closes any keying circuit to form 
mechanically precise signal elements, dots and dashes, in 
response to Wheatstone perforated tape. This unit will 
key either the intermediate relay of a radiotelegraph sta-
tion or an audio oscillator for training radiotelegraph 
operators. 

The auto head is operated by a rugged friction drive, 
powered by a heavy duty, constant speed induction motor. 
The speed control is calibrated directly in words per min-
ute. The speed, in words per minute, for which the speed 

control is set by the operator, is absolutely constant . . . 
voltage fluctuations of the power, and temperature rises, 
do not affect the transmission rate of the unit. 





producing automatic radiotelegraph apParatus-.". 

Ted McElroy's* own success saga. And the creed that 

drove him on— NEVER BE SATISFIED WITH MEDIOCRITY. 

This same spirit prevails throughout the McElroy or-

ganization where inquisitive engineers never copy and 

never imitate. They create, design, build . . . 

Typical of the work they do is the new McELROY MODEL 

SR-900 SL-990 . . . a superior commercial recorder includ-

ing an automatic noise limiter and signal leveller. Em-

bodying new principles of design and operation, it will 

record clean, readable signals at speeds up to 350 

words a minute under the most adverse conditions. 

Your inquiries are invited. If a McElroy engineer can 

be of service to you, ask for one. 

* WORLD CHAMPION RADIO TELEGRAPHER FOR MORE THAN 20 YEARS 

MANUFACTURING CORP. 
82 BROOKLINE AVE., BOSTON, MASS. 

-UNREST MANUFACTURER OF AUTOMATIC RADIO TELEGRAPH APPARATUS 

WAR BONDS 



dium Speed Recorder-Combination 

Model sn-ono SL-990 
This new McElroy development is t all-purpose Recorder 

suitable for speeds up to approximately 350 words per minute. It is a 
complete unit except or the Tape Puller, and is simply, yet ruggedly. 
designed. The circuit comprises an automatic noise limiter and signal 
leveller terminating in a push-pull amplifier which drives a lightweight 

low impedance moving coil through a heavy duty copper oxide rectifier. 

Designed primarily :o withstand the strain of constant operatizn. this 
model will record clean and readable signals even under most adverse 
conditions It may be operated directly from the tone signal of any 
communicntion receiver... having a 5000 ohm or 5 to 50 ohm output. 
The =Wilier and selector incorporated in the Recorder is capable of 
rejecting background noises. weaker interfering signals and static. Only 

the signal of the highest level is recorded. 

The inkwell, mounted in the back of the panel under the cabinet cover, 
controls the flow of ink by being raised and lowered in a vertical posi-
tion feed. This is accomplished by a control knob working thezugh a 
slot on the front panel . . . and is a distinct advantage over other 
designs that operate with the stylus approaching the tape from a hori-

zontal position. 

Where performance and consistent dependability are the prime con. 
siderations. the Model SR-900 SL-990 Recorder should be used with the 
McElroy Tape Puller Model W-890-B. 

MANUFACTURING 
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CORPORATION 

82 BROOKLINE AVENUE 

BOSTON, MASS. 



!Ugh-Speed Recorder, Model SR-900.A 

IF MANUFACTURING CORPORATION 

This entirely new recorder has many unique advantages ... and it is specifically 
designed for operation at ultra-high-speeds. 

Recorders of standard design are :imited because signals to be recorded are 

required to overcome mechanical inertia. In the McElroy SR-900-A, the return of 
the exciter coil and ink stylus to the signal base is not dependent upon mechanical 

action. Consequently, there is no resistance to the movement of the ink stylus. 

Lightly balanced and delicately, but sturdily, pivoted, the coil and inking stylus 
float freely without restriction. 

The Model SR-900-A operates directly from the tone signal of any radio receiver, 

rejecting all but the signal of the highest level, reducing the effects of interference 

to minimum. Background noises, weaker interfering signals and static are rejected 
by the amplifier and selector incorporated in this Recorder. 

The inking mechanism feeds directly down with the pen recording in a vertical 
position, presenting a distinct advantage over other types which record with the 
pen touching the tape in a horizontal position. While the tape puller with adjust-

ments for three speeds is built-in, the tape reel is mcunted on the panel. 

Designed to accommodate mounting in a s'andcxrd radio rack, if desired, for moni-

toring purposes, the Recorder is nevertheless completely enclosed for table opera-

tion at high speeds. In addition, a separate pulfmotor can be utilized for normal 

speeds when the operator desires to transcribe signals direct. 

With the McElroy High-Speed Recorder, clean and readable signals are assured 

where other Recorders might respond with hopelessly jumbled and undecipher-

able copy. 



New Tape Puller 

—Model TP-890 13 

The new McElroy Tape Puller TP-890 B is used to 

give traction to standard 3/8-inch wide paper tape 

inked with a radiotelegraph line, and to wind the 

tape on standard 16mm 400-ft. motion picture reels. 

An outstanding advantage of this Tape Puller is its 

constant speed, controlled accurately from a dial. 

calibrated in words per minute. 

The rate at which the tape is drawn is unchanged 
by load differences, power line fluctuations or tem-

perature variations. A knob, pointer and a dial 

graduated from 0 to 100, permit the rate to be varied 

within wide limits, but the rate is always the same 

when the pointer is returned to any given setting 

on the dial. The operator, without stopping the motor, 

can idle the tape puller so that no traction is 

applied to the tape, and the take-up reel does 
not revolve. 

The unit is used with high-speed radiotelegraph 

recorders, school practice recorders and phototube 

keying units. This latest achievement by Ted McElroy 
and hi à crew "o1 creative telegraphic engineers it 

another shining example of the famous McElroy tra-

dition of creating „ designing . . . building . . 

and delivering. It wi operate at maximum efficiency 

with a minimum o required maintenance. 

MANUFACTURING 
CORPORATION 
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BOSTON, MASS. 



  - 17- Miel G-913-A School Recorder 

The School Recorder is indispensable for teaching, since operators are 
enabled to examine actual printed examples of their own techniques. 
It demonstrates visually to the student any defects in his hand sending, 
and can also re-transmit to him accurate reproductions of the signals 
he has sent. With the faithfulness of a sound recording mechanism, the 
School Recorder offers the operator the opportunity to study and 
improve the rhythm and spacing of his keying. 

The Model G-913-A combined with the Tape Puller TP-89013 will oper-
ate at speeds up to 100 words per minute, recording clearly signals 
of readable strength from any radio communication receiver. It is 
ruggedly built but should be given the care and attention normally 
accorded to laboratory equipment. Properly operated, this instrument 
will be found trouble-free. Forty-eight of these Recorders are in daily 
operation, 24 hours a day, in the production of G-15-AA sets of prac-
tice tapes at our factory. 

MANUFACTURING 
CORPORATION 
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Model G-813-A Electronic Keyer 
— 

This is another original McElroy development . . . it 
converts into sound the code signals which have 
been transcribed in ink on standard 3/8-inch paper 
tape at any speed choF.en by the operator. The clarity 
and even spacing with which the signals are repro-
duced will assist students in rapidly mastering zor-
rectly sent code. 

The Model G-813-A, used in conjunction with the 
Tape Puller TP-890B. continues to be the only instru-
ment of its kind which has the outstanding practical 
advantage of keying only the signal line of the tape. 
Speed control is constant to a maximum of 40 words 
per minute. Tapes which undergo the effects of exces-
sive wear will operate this unit with an efficiency 
which those who attempt to imitate the McElroy Elec-
tronic Keyer fail to achieve. Many other inherent 
advantages, brough: about by McElroy develop-
ments with the photo keying unit, will continue to 
build widespread acceptance for the Electronic Keyer. 

MANUFACTURING 
CORPORATION 

82 BROOKLINE AVENUE 

BOSTON, MASS. 



Model RBK-1142 

The McElroy Radio Beam Keyer was developed to fill the need for a reliable 

instrument which would operate as a constant source of specific information 

. . . repeating that information in code characters at any speed within a 

range of from 5 to 75 words per minute. 

The Keyer can be adjusted quickly for continuous and timed transmissions, 

without tape or otier media of limited durability, of signals in any required 

order. In addition, it can open or close the circuit it keys for a determined 

length of time to provide either a period of uninterrupted silence or a dash 

of specified length. 

The most obvious commercial applications for an instrument of this type are 

keying high-frequency beam transmitters for blind landings . . . keying 

station and frequency calls, etc. However. its adaptability to almost any 

requirement makes it a most flexible instrument for a multitude of other needs. 

The Model RBK-1142 is designed to fit standard rack assemblies and may be 

mounted with the same fixtures which secure it in its sturdy, enclosed housing. 

Sima!, 
MANUFACTURING 
CORPORATION 

82 BROOKLINE AVENUE 

BOSTON, MASS. 



ACCESSORIES- = 

McElroy Re-winds 

Compare this rugged re-wind with any of the type 

now available. Husky gears . .. both on shafts run-

ning through extra size oilite bearings. 

Practice Tapes 

15-roll set practice tapes. Gl5L for sight reading; 

Gl5AA, U. S. Army tapes for photo-tube keying; 

Gl5AM American Morse tapes for telegraph sounder 

practice. 

rape Bridge TG-815 

Provides a convenient channel across which standard 

5/16- or 3/8-inch white paper tape bearing an inked 

radiotelegraph signal line is drawn for sight reading 

and typewriter transcription. Used extensively in 

radiotelegraph receiving stations and monitoring 

stations., 

Operating Position Tables 

and Posture Chairs 

Especially designed for use with high-speed auto-

matic radiotelegraph apparatus, such as perforators, 

auto transmitters, recorders and tape bridges. 

Blank Perforator and Recorder Tape, 

McElroy's Telegraph Blue Ink, Etc. 

Tape for perforators and recorders. Ink is free-flow-

ing, fast-drying, developed by Fred Spieske of 

New York, perhaps the outstanding ink specialist. 

Also many other miscellaneous items associated 

with communication equipment . . . 

MANUFACTURING 
CORPORATION 
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'the SCR-299 helped pave the way for the Allies in the Mediterranean theatre (torn 
El Alamein to Italy • In Africa alone it operated on five networks, including circuits from 
Oro [1 to England, Ccsablonco, Gq3roltor, Algiers cind Accro• On Whatever front the Allies 

Whether set up os a fixed rodio station or used as o fost-rnoving mobile unit, 
ore fighting, the SCR-299 will be o familiar sight to our fighting men• 
the SCR-299 has clone an excellent job transmitting commands while in action, no 

matter how difficult the cond;tions • . . thus proving thot cornrnunrnufl 

icotions systerns viere 

adaptable to the "Bliti tactics of modern worfore• 
Ihe World' s.lorgest Exclusive Wton rs of Short Wove Radio Coro 

tions Equipment 

Ore 





W herever our troops fight throughout the world, the SCR-299 is seeing service! 
Designed for instantaneous and continuous service as a fixed or mobile radio 

station, the high powered mobile transmitter built by Hallicrafters has distinguished 

itself in the Pacific with MacArthur and with the Allies in the Mediterranean. 

The SCR-299 fought in the jungles of Guadalcanal and was flown into China 

where it is fighting with General Stilwell. 

HE FAMOUS SCR-299 COMMUNICATIONS TRUCK 



42 

Without a single revision, Hai-

licrafters peacetime communications 

equipment is meeting the wartime 

qualifications and demands of the 

Military! 

Under the abnormal climatic and operating conditions of war, Halli-

crafters Communications equipment is providing peak performance for the 

Allied armed forces, fighting throughout the world. 

Just as Hallicrafters Communications receivers are meeting the de-

mands of war Today— they shall again deliver outstanding reception for 

the Peace — Tomorrow! 

WORLD'S LARGEST EXCLUSIVE MANUFACTURER OF 

SHORT WAVE RADIO COMMUNICATIONS EQUIPMENT 
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FOR THE WAR a,e01/ 

"Dandees" are meting mes-
wartime electrolytic require-
ments. PBS :tingle-section units. 
25 to 450 v. Also dual-section 
PRS -A concentrically-wound. 
three leads, and PRS-B separate 
section four leads. Polarity 
indicating colored leads. 

Metal-case paper condensers 
may dill be available in some 
types,such as Type 1080, 1000 v., 
.5 lo 4 mid. Also the stamped-
metal-case '60, in 200 and 4C0 
v.. and particularly the uncased 
paper sections Type UC, 400 o 
1000 v. 

Oil-filled capacitors still avail-
able against high priorities. 
Type 16 upright or inverted 
mounting, 400 tc 1000 v. Also 
Type 30 "bathtub" for Met 
mounting with terminals on top, 
bottom or side, 400, 600 and 
1000 v. 

Oil-filled transmitting capaci-
tors are available on high gri-
oriti•s. In addition to large 
rond-can 'OS, there is the In-
verted-screw-mounting '10 type 
w th new double-termine lea-
ner.. Also rectangular-can '09 
in voltages up to 7500, ard '20 
series up to 50,000 v. 

HYVOL 
Olt IMPREGNATED OIL riL"D 

TRANSMITTING 
CAPACITOR 

_ 
• These "Victory" Type '05 oil-filled 
transmitting capacitors are typical of 

the Aerovox line in wartime dress. 
The ribbed steel can, finished in battle-
ship gray lacquer, replaces the former 
aluminum can. A substitute, yes, but 

just as tough as ever for wartime 
service. 
No matter where this war may take 

you, whether on the fighting front, 
production front or home front, you 
can continue to count on Aerovox for 
essential capacitors. For no matter 
what shortages may develop, no mat-
ter what types may become unavail-
able, Aerovox engineers will have a 
"Victory" type—a satisfactory substi-
tute just for the duration. 

Ask your Aerovox jobber tor the "Victory" 
catalog. Ask for tree subscription to the month-
ly Aerovox Research Worker. Or write direct. 

INDIVIDUALLY TESTED 

AEROVOX CORP., NEW BEDFORD, MASS., U. S. A, 

Iri Canada: AEROVOX CANADA LTD., HAMILTON, ONT. 

Export: 100 VARICK ST., N. Y. C. • Cable: 'ARLAB' 

Aluininum-ran electro tics, still 
available in certain types, cape-
cially on high-priorities. Prong-
base F type is typical of exten-
sive Aerovox electrolytic line. 
Wherever possible, substitute 
D4ndees or cardboard-case PBS. 

Tubular paper condensers Type 
'84 will be found highly satis-
factory for most functions. 
Highly refined construction 
including extra-heavy-waxing 
insures excellent performance 
and life. 400 to 1600 v. 

Mica capacitors are :nighty 
scarce. Available only on high-
est priorities, whether il be the 
tiny molded-in-bakelite capaci-
tors or the large bakelite-case 
medium-duty units. 

Heavy-duty transmftttnq an 
electronic requirements ar• 
met by the stack-mounting 1550 
series units, and also the cast-
aluminum-case 1870. Ultra-high-
frequency requirements are met 
by th, sulphur-filled 1880 
series. Available on high pri-
orities. 
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"TRIM-AIR" Accessories: 
Trim-Air singles ore equipped for single 
hole mounting. Dual Trim-Airs for single 
hole or base mounting. Additional brack-
ets and mounting posts are sold separately. 

At Cardwell, we deal with truisms. Here . . . fresh, sound, 

original designs are combined with materials of merit, 

and collated by skilled craftsmen . . . for use in practi-

cally every type of communications equipment... 

amateur, commercial, and military. 

Material things, however, are not sufficient to make 

Cardwell condensers the quality products that they are. 

Into them go an additional ingredient—a heritage of 

pioneering, patience, and judgment. 

...THE CONDENSER LINE 
WITH BUILT-IN HERITAGE 

NEW TRIM-AIR MIDGET CONDENSERS 
An improved line of single and double section midgets. 
End plates 5 32" thick Isolantite. Long bushing permits 
single hole mounting in 3/4 " diameter hole on panels up 
to 1/4". (Stub shaft with screw driver slot available 
special order only.) Singles have new thick nut for rotor 
shaft lock for fixed tune. Require 1 5 ,16" x 113 32" 
panel mounting space — duals, 145 64" x 113 32". 
All duals have double bearings, shaft extended at rear 
for ganging and have removable inter-section shields. 
All Trim-Airs have 1/4" brass shafts, nickel plated. 
Aluminum plates with nickeled brass spacers. Trim-Air 
accessories fit duals, singles, band-spread types, as well 
as "E" type fixed air midgets. Airgaps .020", .030", 
and .070" in dual and singles, with capacities to 140 
MMFD. Fixed midgets capacity range to 200 MMFD. 
in .020", .030", and .050" airgaps. One type EE-60-FS has 60 MMFDS., airgap 

ZR-35-AS 

.100". 

E0-100-FS 

TYPE "E" MIDGET 
FIXED AIR CONDENSERS 

MIDWAY 
TRANSMITTING CONDENSERS 

For low and medium power transmitters and receivers, 
where light weight and small space are factors. Ideal 
for portable and aircraft equipment. Panel mounting 
space only 21/8" x 3" condenser open. I/4" steel shaft; 
aluminum frame; brass bearings; plates buffed, rounded 
on all airgaps .070" or over. Aluminum mounting feet 
extra. Mycalex insulation. For "upside-down" mount-
ing, use new type "M" mounting brackets; perfect 
layout for high efficiency, short lead P.P. amplifier 
permits low stator to chassis capacity. Capacity ranges, single section types, 365 MMFD. for 
.030" airgap, 150 for .070" airgap. Duals range 260 MMFD. per section for .030" gap, 180 
for .050" gap, and 100 MMFD. for .070" airgap. 

MT-150-GS 

"T" TYPE HEAVY DUTY TRANSMITTING CONDENSERS 
No fin., stock condenser made. In commercial service the world 
over. 6 1/4" wide, 53/8" high, plates unmeshed. Corona shields 
on stators for wider airgap types. End plates 1/8" thick, heavy 
nickel plated. Massive bearings, 3/4 " stainless steel shafts; 
heavy, two finger phosphor bronze rotor contactor bears on 
sturdy contact ring built to carry very heavy current without 
loss. Rotor plates 41/2" diameter, .050" thick aluminum. Heavy 
mounting feet formed as part of end plates. Ball thrust rear 
bearing. Mycalex insulation. Truly the finest stock condenser 
money can buy. Capacity ranges: to 315 MMFD. for .168" 
airgap, 300 for .230", 160 for .294" and 80 MMFD. for .500" 
airgap. Equivalent duals for nearly all single section types. 

Specie/ TK-300-US 



TYPE C NEW TYPE ENF 

XG-110-XD 

New ULTRA-HIGH FREQUENCY 
Transmitting Condenser Series 
Specifications of "N" TYPE U.H.F. SERIES 
FRAME—No frame or tie rods. Aluminum end plates 
supported directly on heavy lateral ceramic bars which 
carry stators. 
SHAFT- 1/4 " cadmium plated steel on which rotor 
assembly is securely locked. 
PLATES—Aluminum alloy .040" thick with edges 
rounded. 
BEARINGS—Long, nickel-plated brass, shoulder type 
front bearing, with ball thrust rear bearing. laminated 
phosphor bronze rotor contactor. 
AIRGAP—.070"-3000V. peak —(NT) 

.084"-4200V. peak—(NF) 

.171"-6000V. peak—(NG) 
MOUNTING—Single hole, front panel, with mount-
ing posts or chassis mounting on feel which form part 
of end plate. Or use type "M" bracket and mount 
upside down for lowest capacity to ground. 
CAPACITY RANGES—To 150 MMFD. in singles, 
75 in duals for .084" airgap, single NC-35 DS has 
171" oirgap. 

TYPE "P" LIGHT VVEIGAT 

CONDENSERS 

For Commercial Transmitters and 
Induction Heating Units 

END PLATES — Stamoed and 
folded I/8" aluminum 71/2" srxuare, 
satin finish. INSULATION — 
Mycalex. No metal tie rods. 
ROTOR PLATES — .0625" thick, 
63/4 " diameter, buffed and pol-
ished aluminum. All "P" types are 
special order. 

"X" TYPE TRANSMITTING CONDENSERS 
Standard of Comparison for Years 

Rounded edges, polished aluminum plates. .040" thick 
on all but "XT" and "XR" types. 

Frames, tie rods, bearing bushings, spacers and stator 
blocks, nickel plated brass. Cadmium plated 1/4 " steel 
shaft supports securely locked rotor assembly. Mycalex 
insulation. Panel space 41/2 " x 31/2 ". Panel or chassis 
mounting. N.P. brass mounting feet extra. Capacity 
ranges to 1500 MMFD. for .030" gap, 440 MMFD. for 
070", 330 MMFD. for .084", 240 for .110", 100 for 
.200" airgap. Equivalent dual section types for nearly 
all single section types. XE-240-XS 

TYPE "J" PLUG-IN FIXED AIR CONDENSERS 
For Fixed Capacity loading 

Connect Jack Base across high frequency class "C" tank and plug in proper "J" 
capacitor to load circuit to lower frequency; proper "C" means highest operating 
efficiency. Plates easily removed. All "J" types have 21/4 " square x I/4" Alsimag 
No. 196 ceramic end plates. Supplied with banana plugs to fit "JR" Jack Base, 
sold separately. On special order provided with hexagonal brass mounting pillars 
and mounting screws for permanent installation. 

Capacity range: to 100 MMFD. for .125" airgap, 50 for .250" gap and 50 MMFD. 
for .350" airgap. 

INSULATED COUPLINGS 
MOST COMPLETE LINE OF FINEST FLEXIBLE 

AND RIGID COUPLINGS 

Buy More War Bonds and Stamps 

TYPE ENE TYPE CNF TYPE A 

Alsimag No. 196 insulation throughout. All flexible couplings 
have N.P. phosphor bronze springs, nickel plated brass hubs, 
permanently swaged into the springs. Two case hardened steel 
set screws on each hub insure positive lock to shaft. Type "B" 
is like type "A- except hubs turned OUT for increased flash-over 
rating. Type -E" like type "C" except smaller. Type 'D" like 
•*C" except hubs turned IN. Type "F" like •'E" except hubs 
turned IN. New "ENF" like "FNF" except long spider legs. 
All rigid types are redesigned and have three point suspension, 
solid brass castings, absolutely rigid. 

ROWELL NDENSERS 
THE ALLEN D. CARDWEL ANUFACTURING CORPORATION 

81 PROSPECT STREET • BROOKLYN 1, N. Y. 



CAMMATRON TUBES 
454 

PLATE DISS. 
250 W. 

1054 
PLATE DISS. 

750 W. 

854 
PLATE DISS 

450 W 

Developed in the Gammatron 

plant the new types 454, 854 and 1054 have 

copper to glass seals and special plate, grid 

and filament design to give a new high in 

UHF performance. Other features: ability to 

stand high plate voltages, complete protec-

tion against failure through overloads and 

extra •long life. 

Fourteen years of pioneering and experience 

in tantalum tubes are built into this complete 

line covering a power range of 50 to 5000 

watts. Also available are variations of these 

types and high vacuum tantalum rectifiers. 

The Gammatron engineers responsible for 

these developments will be glad to help with 

your special problems. 

HEINTZ... KAUFMAN 
SOLIDI,. FRANCIS. •I1FORNIA IS 1 • 

TYPE NO. 1 24 54 15211 158 254 1 257* 3041 354C 354E14541 454H 1 654 854L 854H 11054L11554 2054A 3054 

MAX. POWER OUTPUT: 
Class •C R.F. 90 250 610 200 500 230 1220 615 615 900 900 1400 1800 1820 3000 , 3600 2000 5300 

PLATE DISSIPATION: 
Watts   25 50 150 50 100 75 300 150 150 250 250 300 450 450 750 1000 1200 1500 

AVERAGE AMPLIFICATION 
FACTOR 25 27 10 25 25 10 14 35 la 30 22 14 30 13.5 14.5 10 20 

MAX. RATINGS: 
Plate Volts   
Plate MA.  
Grid MA. 

2000 
75 
25 

3000 
150 
30 

3000 
500 
75 

2000 
200 
40 

4000 
225 
40 

4000 
150 
25 

3000 
1000 
150 

4000 
300 
60 

4000 
300 
70 

5000 
375 
60 

5000 
375 
85 

4000 
600 
100 

6000 
600 
80 

8000 
600 
110 

6000 
1000 
125 

5000 
1000 
250 

3000 
800 
200 

5000 
2000 
500 

MAX. FREQUENCY, Me.: 
Power Amplifier   200 200 175 100 175 150 175 50 50 150 150 50 125 125 100 30 20 30 

INTERELECTRODE CAP: 
C g-p 0.01  
C 

1.7 1.8 5 4.6 3.13 0.04 9 3.8 3.8 3.4 3.4 5.5 5 4 5 11 18 15 g--f 'Le  f  
C 

2.5 2.1 7 4.7 3.3 13.8 la 12 4.5 4.5 4.6 4.6 6.2 6 8 8 15.5 15 25 p -f u.u.f  0.4 0.5 0.4 1.0 1.0 6.7 Out. 0.8 1.1 1.1 1.4 1.4 1.5 0.5 0.5 0.8 1.2 7 2.5 
1 

FILAMENT: 
Volts   8.3 5.0 5-10 12.13 5.0 5.0 5-10 5 5 5 5 7.5 7.5 7.5 7.5 11 10 14 Amperes   3 5 13-6.5 2.5 7.5 7.5 13-26 10 10 11 11 15 12 12 21 17.5 22 45 

PHYSICAL: 
Length, Inches   
Diameter, Inches  
Weight. Oz.  

43/4  
13/4  

5"-' i s 
2 

el. 

73/. 
2% 

43/. 
2 

7 
25/, 

63/4  
2a/. 

73/. 
3% 

9 
33/4  

itil. 

9 
33/4  

10 
33/4  

10 
337/. 

103/4  
33/4  

12% 
5 

12% 16% 
5 7 

18 
6 

21% 303/4  
6 9 

Base  Small Jo11.3.n- ed. ht'l. Giant John- etI/J. Std. s,d. Old. Std. Std. ,(.,14- F54 WE. 1.2e 

.13soun Pentode. 
ux UX son 

*213 
UX 50 

Watt 
7 
Pin 

son 
r213 

50 
Watt 

50 
Watt 

50 
Welt 

50 
Watt 

50 
Watt 

50 
W3tt 

50 son 
Watt 11214 

255 Co. 256 

NET PRICE  4.75 8.00 30.00 18.50 13.50 27.50 65.00 24.50 24.50 27.50 27.50 75.00 75.00 75.00 175.00 225.00 300.00 , 395.00 

tWRITE FOR FULL DATA ON ALL  CAM mATRoNs-2- 



"I LET CORNING DO 

AIL AIY WORRYING ABOUT 

ELECTRICAL GLASSWARE!" 

• 

YOU'VE got enough on your mind 
1 without worrying about the quality 
›f your electrical glassware. Let Corning 
lo that for you on everything you need. 
For example, Corning now makes the 
-ollowing items: 

Entering, Strain and Stand-Off In-
mlators in the antenna or power supply 
fystem. (A few are illustrated in Fig. 1) 

Coil Forms (Figs. 2 and 4) 

Bushings for Transformers (Illustrat-
ed in Fig. 5) 

P Jackets for Wire Wound Resistors 
Not illustrated) 

P Miscellaneous Bushings, Spacers, In-
iulating Bases used throughout the en-
ire installation (Fig. 3) 

Corning can also furnish Fuse Tubing, 
Fuse Plug Bodies, Ozone Cylinders, 
..yclotron Insulators, Precision Bore 
Tubing, and almost every type of elec-
rical insulating specialty. 

MAIL COUPON FOR 

COMPLETE DETAILS 
IC REX .' is a registered trade-mark and indicatc5 in,nufacture ley Corning Glass Ww-lie. 

rex kealators 

Coming Glass Works 
Insulation Division, Dept. RA-1 
Corning, N. Y. 

Please send me details on the complete line 
of Corning insulation for communications: 

Name  

Company  

Street  

City State  
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MILLEN MODERN PARTS 

MILLEN RADIO PRODUCTS are well designed MODERN PARTS for MODERN CIRCUITS, 
attractively packaged, moderately priced, and fully guaranteed. They have been de-
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 the 
solder won't run down inside them and make impossible the insertion of the tube, etc. 
Thus our slogan, "Designed for Application." Our general catalog is available for the 
asking either from your favorite parts supply house or direct from the factory. 

11000, 12000, 13000, 14000 SERIES CONDENSERS 
.077" airlap is for 3000 volt peak rating 

MILLEN TYPE 

code Capacity per side 
 Air Gap 1.°11age Raring 

Pri Net 

ce 
Mar. Min. 

56.90 
7.14 
7.80 
4.56 
5.20 
5.88 
7.80 
12.00 
7.20 
12.00 
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36 
51 
74 
35 
49.5 
71 

204 
90.5 
50 
60 

4.6 
6.5 
9.5 
4.9 
6.3 
7.3 
10.7 
12.9 

.077" 

.077 

.077 

.077 

.077 

.077 

.077 

.171 

.171 

.265 

3000 
3000 
3000 
3000 
3000 
3000 
3000 
8000 
6000 
9000 

Ct NVENTIONAL SINGLE SEC FIGE TYPE 

Code 
Capacity per section Air Ga„ 

' 

.176" 

.178 

.077 

.077 

.077 

.077 

.077 

Finish on 
Plates 

Net 
Price Attn. Max. 

$4.32 
3.90 
2.40 
2.70 
3.00 
3.60 
4.50 

12935 
12936, 
12536 
12551 
12578 
12510 
12515 

Polished 
Plain 
Plain 
Plain 
Plain 
Plain 
Plain 

9 
9 
6 
7 
9 
12 
18 

37 
37 
43 
55 
76 
101 
151 

CONVENTIoNA I. DoUBLE SEC TION TAPE 

Code 
Capacity per section 

.4 ir Gap Finish on 
Plates 

Net 
Price Min. Max. 

12035 
12036 
12050 
12051 
12075 
12078 

6 
6 
7 
7 
9 
9 

43 
43 
55 
55 
76 
76 

.077" 

.077 

.077 

.077 

.077 

.077 

Polished 
Plain 
Polished 
Plain 
Polished 
Plain 

84.32 
3.90 
5.10 
4.32 
5.61 
5.40 

JAMES MILLEN 
MAIN OFFICE 

Code Description Net Price 

10000 Worm Drive Unit $4.50 
10001 Drum Meter Dial-0-100 1.85 
10007 194" Nickel Silver Inst. Dial-0-100 .50 
10008 3,4" Nickel Silver Inst. Dial-0-100 1.00 
10050 Dial Lock .45 
10060 Shaft Lock for kj" Shafts .38 
10065 Vernier Drive Unit .36 
10067 Shaft Bearing. W' .21 
15001 Neutral Condenser 0.7-4.3 .90 
15002 Neutral Condenser 0.5-13.5 1.05 
15003 Neutral Condenser 1.5-8.5 .90 
15005 Neutral Condenser 3.4-14.6 2.00 
15006 Neutral Condenser 2.8-9.1 3.00 
20015 Steatite Ultra Midget 15 mmfd SS .75 
20035 Steatite Ultra Midget 35 mmfd SS 1.00 
20050 Steatite Ultra Midget 50 mmfd SS 1.20 
20100 Steatite Ultra Midget 100 mmfd SS 1.50 
20140 Steatite Ultra Midget 140 mmfd SS 1.70 
20920 Steatite Ultra Midget 20 mmfd DS 1.20 
20935 Steatite Ultra Midget 35 mmfd DS 1.40 
21050 Steatite Ultra Midget 50 muid SS 1.75 
21100 Steatite Ultra Midget 100 mmfd SS 1.90 
21140 Steatite Ultra Midget 140 mmfd SS 2.10 
21935 Steatite Ultra Midget 35 mmfd DS 1.90 
22075 Steatite Midget 75 mmfd SS 1.32 
22100 Steatite Midget 100 mmfd SS 1.38 
22140 Steatite Midget 140 mmfd SS 1.62 
22915 Steatite Midget 15 mufti DS 1.20 
22935 Steatite Midget 35 mmfd DS 1.30 
22950 Steatite Midget 50 mmfd DS 1.50 
23075 Steatite Dual Midget 75 mmfd per sec-

tion ss 2.60 
23100 Steatite Dual Midget 100 mmfd per sec-

tion SS 2.50 
23925 Steatite Dual Midget 25 mmfd per sec-

tion DS 2.25 
23950 Steatite Dual Midget 50 mufti per sec-

tion DS 2.50 
24100 100 mmfd per section. Single spaced 2.75 
24935 35 mmfd per section. Double spaced 2.75 
25130 93-130 Air Padder 1.50 
26025 3.2-25 Air Padder .96 
26050 4-50 Air Padder 1.09 
26075 4.3-76 Air Padder 1.20 
26100 5-97 Air Padder 1.32 
26140 6.5-140 Air Padder 1.60 
26920 4.5-20 Air Padder 1.40 
26935 5.5-36 Air Padder 1.50 
27010 10 mut Silver on Mica .36 
27025 25 mut Silver on Mica .36 
27050 50 mut Silver on Mica .36 
27100 ' 100 tom} Silver on Mica .36 

MFG. CO., INC. 
AND FACTORY 

MALDEN, MASSACHUSETTS, U. S. A. 
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DESIGNED for APPLICATION 

Code Description Na Price 

27150 150 mmf Silver on Mica $ .42 
28030 30 mmfd Mica Padder .15 
30001 Standoff, % x 1%. QuartzQ .15 
30002 Standoff, % x 2%, QuartzQ .21 
30003 Standoff, % x 2%, QuartzQ .55 
30004 Standoff, % x 474. QuartzQ .65 
31001 Standoff, % x 1. Isolantite .20 
31002 Standoff, % x 2%, Isolantite .27 
31003 Standoff, % x 2, Isolantite .30 
31004 Standoff, % x 3%, Isolantite .42 
31011 Cone. % x %, Steatite .10 
31012 Cane, 1 x 1. Steatite .21 
31013 Cone, 154 x 1. Steatite .27 
31014 Cone. 2 x 1, Steatite .75 
31015 Cone. 3 x 1%, Steatite .45 
32100 Steatite Bushing for %" hole .30 
32101 Steatite Bushing for %" hole .35 
32102 Steatite Bushing for 1i" hole .20 
32103 Steatite Bushing for ei" hole .45 
32150 Isolantite Thru-bushing. for % " hole .05 
32201 Steatite Bushing and Hardware .75 
32203 Steatite Bushing and Hardware 3.60 
32300 Isolantite Bushing 1.80 
33002 Crystal Socket 
33004 4 Prong Socket .24 
33005 5 Prong Socket .24 
32000 6 Prong Socket .24 
33007 7 Prong, Large, Socket .24 
33008 8 Prong, Octal, Socket .24 
33087 Base Clamp for 807 etc. .30 
33105 Acorn Socket, QuartzQ .90 
33888 Aluminum Shield for 33008 .18 
33991 Socket for 991 etc. .45 
34010 Shielded 10 MR receiving .75 
34100 Universal 2.5 MH ..36 
34101 Universal 2.5 MM, less Standoff .30 
34102 Commercial type 2.5 MIL .36 
34140 Universal air core Transmitting 1.00 
34150 Amateur Band Iron Core 1.75 
34210 General Purpose RFC 10 MM .60 
34225 General Purpose RFC 25 MM 1.75 
34240 General Purpose RFC 40 MH .75 
34285 General Purpose RFC 85 MM 1.25 
34800 Interruption Frequency Oscillator Coil 1.20 
36001 Ceramic Plate Cap, 9/16" for 866 etc. .21 
36002 Ceramic Plate Cap. e4" for 807 etc. .21 
37001 Black Bakelite Safety Terminal .40 
37104 Four Terminal, Black Bakelite .60 
37105 Five Terminal, Steatite .75 
37202 Steatite Plates. Pr. .30 
37211 Bracket .15 
37222 Terminal Posts, Pr. .30 
37501 Low Loss Mica Bakelite Safety Terminal .55 
38001 Isolantite 3/16" 0.13. Beads (Pk of 50) .30 
38500 100 Beads, 5/16" die., QuartzQ .60 
39001 Truly Flexible Isolantite .36 
39002 Conventional .36 
39003 Solid Brass N.P. .21 
39005 Universal Joint, Non-Insulated .36 
39006 Slide Action .36 
40205 Midget Plug .24 
40305 Intermediate size Plug .45 
41205 Mid•ret Socket .30 
41305 Intermediate size socket .45 
43001 QuartzQ blank form and plug .90 
43011 .90 
43021 Midget coils for each .90 
43041 band. Mounted on No. 40205 .90 

JAMES MILLEN 
MAIN OFFICE 

Code Description Na Price 

43081 plug. No. 1 at end of code means 
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43161 center link. No. 2, end link. 
44000 QuartzQ form I % " dia. x 334" 
44001 QuartzQ blank form and plug 
44005 
44010 
44020 
44040 "100 watt" coils 
44080 for each band. Mounted on 
44160 No. 40305 plug 
44500 Swinging link and socket 
45000 Coil Form, 1" dbl, no p., low loss mica 

base Phenolic 
45004 Coil Form. I" dia. 4 p., low loas mica 

base Phenolic 
45005 Coil Form, 1" dia. 5 p., low loss mica 

base Phenolic 
45500 Coil Form, %" dia., Steatite 
46100 Coil Form, 1%" die, no p., QUaitz(à 
47001 Coil Form, S" die., QuartzQ 
47002 Coil Form, %" dia., QuartzQ 
47003 Coil Form, %" dia., QuartzQ 
47004 Coll Form, e.;" die., QuartzQ 
55001 Sheet, 3 x 8% x.1, QuartzQ 
58000 Coil Dope. 2 oz.. QuartzQ 
77083 "83" Hash Filter 250MA 
77866 - 866" Hash Filter 500MA 
77872 "872" Hash Filter 
79020 14me Band Wave Trap 
79040 7me Band Wave Trap 
79080 3.5mc Band Wave Trap 
79160 1.7mc Band Wave Trap 

Air Trimmed 

60454 456 Diode Air Core 
60455 456 Interstage Air Core 
60456 456 Interstage (2) Air Core 
60501 5000 Interstage (2) Air Core 
60502 5000 Diode Air Core 
60503 5000 FM Interstage Air Core 
60504 5000 FM Disc Air Core 
62161 1600 Interstage Iron Core 
62162 1600 Diode Iron Core 
62454 456 Diode Iron Core 
62456 458 Interstage Iron Core 
63163 1600 BF() Air Core 
63456 Air Core 
63503 5000 BFO Air Core 

Mica Trimmed 

67454 456 Diode Iron Core 
67456 456 Interstage Iron Core 
67503 5000 FM Interstage Air Core 
67504 5000 FM Disc Air Core 

Permeability Tuned 

64454 456 Diode (2) 
64456 456 Interstage (2) 
65456 456 BFO 

Triple Tuned 
66454 456 Diode 
66456 456 Interstage 
90600 Complete set of four Wavemeters, In gas 
90605 Range 2.8 to 9.7 mc. Wavemeter 
90606 Range 9.0 to 28 me. Wavemeter 
90607 Range 26 to 65 me. Wavemeter 
90608 Range 50 to 140 Wavemeter 
90721 Iletrofli 

MFG. CO., INC. 
AND FACTORY 

MALDEN, MASSACHUSETTS, U. S. A. 
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STANDARD OF 

FOR ALL QUARTZ CRYSTAL 

TODAY, the entire output of Bliley 
1 Crystal Units is directed to vital 
communications equipment for war 
purposes. When the United Nations 
win the last battle, as they most 
certainly will, the fruits of increased 
engineering knowledge, expanded 
facilities and improved production 
technique, will be available to a peace 
time world . . . a new world of greater 
human comfort through applied en-
gineering and science. 

In this new world, Bliley Crystals 
will take their rightful place with their 
pre-war record of dependability, accu-

SPECIFY BLILEY FOR ACCURACY • 

52 BLILEY ELECTRIC CO., 
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EXCELLENCE 

PIEZOELECTRIC APPLICATIONS 

racy and user acceptance. Not count-
ing applications covered by war time 
secrecy necessities, there will be 
Bliley Precision-made Crystals for 
diathermy, ultrasonic generators, 
pressure gauges, carrier-current com-
munications systems, radio frequency 
filters, and precision interval timers. 
And, of course, in greater quantities 
than ever before, frequency control-
ling crystal units for all radio com-
munication necessities, F. M. or A. M., 
fixed, portable, mobile or air borne. 
As always, Bliley Engineers are ready 
to extend their assistance to you . . . 
call on them freely. 

DEPENDABILITY • PERFORMANCE 

L 1 LEY 
FREQUENCY-CONTROL 
SEHIAL NUNIfiet, 

NC.% 

oirrunrs, EXCEPT imost or 1711.1l, PRODUIIT$ 001 OFICIAL u. 5. ARMY OR U. 9. NAVY Pi nrOGRAP.,  

ERIE, PENNSYLVANIA 53 



"HQ-120-X" 

AMATEUR 

RECEIVER 

THE HAMMARLUND "HQ-120-X" meets the 
most critical demands of amateur and pro-

fessional operators. Hammarlund engineers 
have gone beyond ordinary practice in design-
ing this new and outstanding receiver. This 
ultra-modern 12-tube superheterodyne covers a 
coniinuous range of from 31 to .54 mc. (9.7 to 
555 meters) in six bands, taking in all impor-
tant amateur, communication, and broadcast 
channels. The "HQ-120-X" is not to be con-
fused with modified broadcast sets. Two years 
were required to develop it. This is a special 
receiver with special parts throughout. Every 
wave range is individual—that is, each range 
has its own individual coil and a tuning con-
denser of proper value for maximum efficiency; 
thus, including the broadcast band does not 
decrease efficiency at high frequencies. Be-
sides having all the necessary features for per-
fect short wave reception, such as A.V.C., beat 
oscillator, send-receive switch, phone jack and 
relay terminals, the "HQ-120-X" also includes 
a new and outstanding crystal filter circuit 
whit h is variable in 6 steps from full band-
width to razor edge selectivity. This permits the 

use of the crystal filter for the reception of both voice and music. It is no longer necessary 
to contend with serious heterodyne interference. These annoying disturbances can be 
phased out with the phasing control on the panel. Other features include drift compensa-
tion for improved stability; a new and accurate "S" meter circuit for measuring incoming 
signal strength; antenna compensator to compensate for various antennas, and 310 de-
grees band spread for each amateur band from 80 to 10 meters. The band spread dial is 
calibrated in megacycles for each of these amateur bands. The main tuning dial is cali-
brated in megacycles throughout the entire range of the receiver. Gray finish. Rack adapter 

$6.00 extra. Prices include Speaker and Tubes 

Code Type Tuning Range Speaker Net Price 

HQ-120-X Crystal 31—.54 me. 10" P.M. Dyn. $168.00 

Speaker cabinet (metal) 12 1/2 " x 12 1/2 " x 7 inches 3.90 

Special model finished in black $168.00 Ne 
Speaker Cabinet, black to match  3.90 Ne 

Send for DescriptIve Booklet! 

Code Type Spkr. Tuning Range Net Price 

SP-210-X Crystal 10" 15-560 meters $318.00 

SP-210-SX 

SP-220-X 

Crystal 10" 71/2 -240 meters 318.00 

Crystal 12" 15-560 meters 330.00 

SP-220-5)( Crystal 12" 71/2 -240 meters 330.00 

PSC 10" speaker cabinet to match receiver 5.10 

Special Models Covering Other Wove Ranges Available On Order 

THE 

"SUPER-PRO" 
T HIS 18-tube "SUPER-PRO" includes all the 
" outstanding features which have made the 
"Super-Pro" famous, and in addition many 
recent developments have been added. The 
"Super-Pro" has o variable selectivity crys-
tal filter. This crystal filter has five positions 
of selectivity-3 for phone and 2 for CW. The 
variable crystal filter, in addition to the variable 
band width I.F., provides a selectivity range of 
from less than 100 cycles to approximately 16 
kc. The new "Super-Pro" also has an improved 
noise limiter designed to minimize Interference 
caused by automobile ignition systems and dis-
turbances of similar nature. Maximum image 
suppression is obtained with two stages of high 
selectivity tuned R.F. ahead of the first detector. 
Three stages of I.F. are employed and there are 
three stages of high fidelity audio amplification 
resulting in an output of approximately 14 
watts. A new and improved "S" meter has been 
installed in the "Super-Pro" for accurately re-
porting relative signal strength. Other features 
include full band-spread on all bonds; beat 
oscillator; send-receive switch; relay connec-
tions; phone connections; connections for 
phono-pickup; beautifully finished modernistic 
cabinet. The sensitivity of the "Super-Pro" is 
better than 1 microvolt. Available in rack 
mounting type at $10.50 extra. 

Write for Circular! 

HAMMARLUND MANUFACTURING CO., INC. • 440 West 34th Street • New York Loy 



"TC" TRANSMITTING CONDENSER 

A moderately priced, heavy 
duty transmitting con-
denser, featuring heavy 
aluminum and plate, 
Isolantite insulation, non-
inductive, self-cleaning sil-
ver plated beryllium con-
tacts, full floating rotor 
bearing, non-magnetic rotor 
assembly, polished heavy 
aluminum plates accurntely 

spaced. All, except type "L," have round edge plates of .040" 
thickness. Type "L" has .025" plates with plain edges. Type "F" 
has .230", 7500 V. air gap. Type "G," .200", 6750 V. Type "H," 
.171", 6000 V. Tyree "J," .100", 4250 V. Type "K," .084", 3750 V. 
Type "L," .070", 2000 V. air gap. 

Available in a wide variety of capacities and working voltages, 
these condensers are ideal for modern up-to-date transmitters with 
power outputs ranging from 200 watts to 1 kw. 

Overall 
Tyne Conae-oy Length List 

TC-220-I. 220 mmf. 4 li  $ 6.30 
TC-440-L 465 mmf. 5%  9.10 
TC-90-K 95 mmf. 2%  5.70 
TC-165-K 167 mmf. 411i.  6.50 
TC-220-K 222 mmf. 4%  8.00 
TC-330-K 335 mmf. 61/2  10.00 
TC-240-J 250 mmf. 61/2  10.20 
TC-25-H 23.5 mmf. 2%  5.10 
TC-50-H 53 inmf. 4 'v.  6.00 
TC-110-H 115 mmf. 61/2  9.00 
TC-40-G 46 mmf. 4 to  7.00 
TC-65-G 75 minf. 5%  8.80 
TC-100-G 110 mmf. 71/2  11.20 
TC-150-G 165 mmf. 10%  14.80 
TC-55-F 60 mmf. 5%  8.00 

"TCD" SPLIT STATOR TYPES 

These split stator trans-
mitting condensers are 
identical to the singles 
shown above, except that 
the stator sections are 
individual. Ideal for push-
pull power amplifiers 
ranging in power up to 

1 kw. They are of convenient size and lend themselves to construc-
tion of compact apparatus. Overall dimensions in back of panel are 
given in the accompanying table. The capacity values listed are fa, 
each section. The last letter in the code represents plate spacing and 
voltage rating. These are identical to those given above. Type "M"-
plain plates, .030" air gap. 

Overall 
Type Capacity Length 

TCD-500-M 490 mmf. 4 l;  $10.30 
TCD-80-L 90 mmf. 4le  8.30 
TCD-210-L 215 mmf. 57/s  10.40 
TCD-90-K 95 mmf. 4%  9.40 
TCD-165-K 167 mmf. 61/2  11.50 
TCD-325-K 335 mmf. 11 le,  20.50 
TCD-240-J 250 mmf. 11 l,  19.00 
TCD-50-H 53 mini. 61/2  9.80 
TCD-110-H 115 mini. 11 Ix,  16.00 
TCD-40-G 46 mmf. 71/2  10.50 
TCD-75-G 85 mmf. 11 I,  14.50 
TCD-55-F 60 mmf. 11 li,   13.70 

NEUTRALIZING CONDENSERS 

Improved neutralizing condensers with 
heavy polished aluminum plates. 
Rounded edges. Isolantite. Fine adjust->ing screw. Positive lock. Horizontal 
adjustment. Type "N-10", 21/4 " high x 
1 ",,," deep. "N-15" high x 31/2 " 
deep. "N-20", 5!.'." high x 4" deep. 

N-10-(2.1-10 mmf.)  $4.60 
N-15-(3.2-14 mmf.)  8.70 
N-20-(3.8-14 mmf.)  9.30 

HAMMARLUND MANUFACTURING CO., IN 

"MTC" TRANSMITTING CONDENSERS 
Compact types, Isolantite 
insulation. Base or panel 
mounting. Polished alumi-
num plates. Stainless steel 
shaft. Size of 150 mmf. with 
.070" plates spacing only 
4%" behind panel. All 
type "B" condensers have 
round edge plates .025" in 
thickness. Type "C" has 
plain edge plates .025" 
thick. Self-cleaning wiping 
contact. 

Code Capacity List 

MTC-20-8 22 mmf $4.10 
MTC-35-8 33 mmf  4.30 
MTC-50-B 50 rnrnf  4.60 
MTC-100-13 100 mmf   5.30 
MTC-150-B 150 mad  6.10 
MTC-50-C 46 mmf  4.10 
MTC-100-C 105 mmf   4.40 
MTC-150-C 150 mmf  4.80 
MTC-250-C 255 mad  5.30 
MTC-350-C 360 mmf  5.80 

"MTCD" SPLIT-

STATOR TYPES 

Same outstanding features 
as MTC singles except that 
stater sections are separate. 
Model 100-B with .070" 
plate spacing, only 53/4 " 

J 11 behind panel. "B" models 
-rounded plates "C" mod-
els-plain plate edges. 

Code , :: ,ily list 

MTCD-20-8 22 mini, per sect $5.60 
MTCD-35-11 33 mnnf, per sect  6.00 
MTCD-50-B 50 mmf. per sect  6.50 
MTCD-100-B 100 mmf. per sect   8.75 
MTCD-50-C 46 mmf. per sect  5.50 
MTCD-100-C 105 mmf. per sect  6.00 
MTCD -150-C 150 mad, per sect  6.50 
MTCD-250-C 255 mmf. per sect  7.50 

A NEW LINE OF TRANSMITTING 

AND RECEIVING 

CONDENSERS 

The new HFA and HFB re-
ceiving and transmitting 
condensers are the latest in 
condenser design. The HFB 
transmitting condenser, for 
example, has fully insulated 
rotor and control shaft per-
mitting higher operating 
voltage for a given plate 
spacing. This new design 
results in more compact and 
efficient condenser con-
struction and the insulated 
control shaft reduces the 
danger of electric shock to 

;;;;;•••i, the operator. The HFB's are 
made in both dual and sin-

.i ",L4illiWIkh1 stator types and in all 
important capacities. 
The HFA receiving con-

denser is a sturdier midget 
condenser intended for use 
in portable and aviation 
equipment where conditions 

of operations demand a better and more solid condenser. These, too, 
are available in a wide variety of size with both single and dual 
stators. All types, both HFA and HFB are of 100% soldered con-
struction with brass plates, cadmium plated. Isolantite end plates. 

Send for Latest Catalog! 

C. • 460 West 34th Street • New York City 
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-fflrlIPM SYLVANIA TECHNICAL MANUAL ON RADIO TUBES (New 
Revised Edition) covers more than 400 types of 
tubes, giving characteristics, operating conditions, 
circuit applications of each. Included in 275 pages 
are basic definitions, typical circuits, charts, graphs 
and illustrations. 

TUBE COMPLEMENT BOOK accurately compiles the tube 
requirements of all known radio receivers, induding 
"orphans." Valuable as a history of radio develop-
ment. Contains information on Interchangeable 
Tubes, Substitution and Panel Lamps. 270 pages. 

SYLVANIA RADIO TUBE CHARACTERISTICS tabulates the 
circuit engineers' average characteristics for 400 dif-
ferent types of radio tubes. Includes tube and base 
diagrams. 

CORRELATION OF TUBE TYPES FOR SUBSTITUTION lists more 
than 400 types of tubes. For each type are given 

'MN style, duty and tubes available with "equivalent" 
and "similar" characteristics with instructions as to 
interchangeability— direct or with circuit modifica-
tions. 

SYLVANIA BASE CHART designed for use as a wall chart 
nel -INA or pocket booklet. 

Availablethrough 
your Sylvania Dis-
tributor or direct 
from Radio Ama-
teur Department, 
Sylvania Electric 
Products Inc., 
Emporium, Pa, 

SYLVANIA 
ELECTRIC PRODUCTS INC. 

RADIO DIVISION 



ELECTRONICS ... post-war world of opportunity 

WHEN this nation went to W3 -, it was for-

tunate in having thousands of amateur radio 

enthusiasts who Fad a background of years 

of experiment and learning ii electronics 

. the science that has revolutionized the 

transmission of sound and sight. For this 

training enable3 them to provale vitally 

needed services in electronic industries, in 

the Armed Forces, and in war communica-

tions. In no other country was this situation 

duplicated on such a broad scale. 

In the post-war era, these rr en and those 

now training in tFe Armed Forces will be the 

key men in the expanded fields of electronics 

—broadcasting, television, emergency com-

munication, marine and air t-ansport, and 

industrial applications. They will also find 

opportunities in the vastly enlarged service 

field whici all this expansion must create 

General Electric is now in the service itr` 

A-rierica-at-war, providing daily nearly 

$1,000,030 worth of electronic tubes, trans-

mitting and receiving equipment for the 

Armed Fcrces. While all its manufacturing 

facilities are devoted to war production, G.E. 

is nevertheless preparing for the tremendous 

surge of peacetime activity . . . when prod-

ucts for the amateur will have a prominent 

pace in G.E.'s manufacturing plan. 

From G.E.'s unending research and elec-

tronic know-how will come many important 

post-war developmeits. From G.E.'s elec-

tronic achievements in many fields will come 

opportunities for those who plan to make 

the most of electronics in the post-war 

world. General Electric, Schenectady, N. 

GENERAL ELECTRIC 





IMPORTANT GENERAL ELECTRIC 

ELECTRONIC PRODUCTS 

INDUSTRIAL ELECTRONIC TUBES. General Electric is equipped to manufacture 
all types of electronic tubes — from tubes used in heating and welding, to tubes 
that control motors and machinery; to tubes that transmit, receive and amplify 
sound and signals; to tubes that measure light, sort, count, "see" through solids. 
Long experience, modern manufacturing equipment, rigid control and inspection 
contribute to the exceptionally high quality and dependability of G.E tubes. 
Shown (left to right) are the ignitron, thyratron, and kenotron. 

FM AND AM TRANSMITTERS AND RECEIVERS. General Electric's unequaled 
experience in short-wave broadcasting is well known ... all of America's 100 kw 
international broadcast transmitters have been built by G.E. G.E. has equipped 
more than a third of existing FM broadcast stations, and supplied a large portion 
of the 600,000 FM receivers now in use. G.E., in fact, is the only manufacturer 
with experience in building the complete FM system—including transmitter, 
antenna, and home receiver. Shown (left to right) are G.E FM and AM trans-
mitters and G.E radio-phonograph combination incorporating AM and FM. 

TRANSMITTING TUBES. General Electric has probably made more important 
contributions to the development of transmitting tubes than any other manu-
facturer. For example: G.E. developed tubes and circuits that produced the 
high-frequency oscillations that make broadcasting possible. G.E. developed the 
first water-cooled transmitting tube which made high-power broadcasting possi-
ble. G.E. developed the hot-cathode mercury-vapor tubes which cut broadcasting 
power losses tremendously. Shown are four typical G.E transmitting tubes. 

TELEVISION TRANSMITTER AND RECEIVERS. Evidence of G.E.'s leadership in 
studio planning and station equipping is Television Station WRGB, in Schenec-
tady, New York. This televison "workshop" is one of the finest and most 
complete studios of its kind in the world. From WRGB will come much of pro-
gramming knowledge and technical development which will bring the post-war 
expansion of television. Shown (left to right) are WRGB's studio, transmitter, 
and G-E AM and television receiver with FM for television sound. 

EMERGENCY COMMUNICATION. It's coming! — two-way FM radio in every 
municipal police car. The G-E FM system for cities, towns, and public utilities 
provides amazing freedom from static and extremely low noise levels. General 
Electric AM police radio will be used in the wider areas covered by state and 
county public safety departments. Here, again, G.E.'s broad experience will 
provide unusually dependable emergency radio equipment. 
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THE ELECTRONIC "BOOKS OF THE YEAR" 

CAPACITORS. General Electric has pioneered and 
developed a new, unique line of vacuum capacitors, 
rated from 7500 to 16,000 volts peak and from 25 to 
100 mmfd. These circuits are common to military, 
aircraft, and amateur radio equipment. 
The small size of the G-E vacuum capacitor is of 

especial importance in the design of high-frequency 
circuits. Only a tenth the size of similarly rated air 
capacitors, these capacitors also provide an internal 
voltage breakdown characteristic which is unaffected 
by altitude. 

TESTING INSTRUMENTS. The new General Electric 
line of laboratory and testing equipment provides an 
extensive choice of portable, compact apparatus for 
accurate, rapid maintenance and testing of radio elec-
tronic circuits and parts. It includes G-E unimeters, 
tube checkers, bridges, signal generators, oscillo-
scopes, and other instruments — all planned for easy, 
error-free reading and long, dependable service. 
Shown at left is G-E oscillograph and frequency 
modulator for AM, FM, and television-receiver and 
transmitter trouble-shooting. 

"How Electronic Tubes Work." Here's an electronics "first 
reader"—a simple explanation of the basic principles of 

electronic tubes . .. describes briefly important uses of tubes in 
industrial electronic equipment. "How Electronic Tubes Work" 
is FREE. Filing size- 24 graphically illustrated pages. 

"The ABC's of Rodio." Here's a simple, easy-to-understand 
"Primer" on radio and its basic circuits ... how they are 
designed and how they perform . . . what the fundamentals 
are . . . the various principles and theories of radio receivers 

and their service . .. 68 pages, clearly illustrated. "The ABC's 
of Radio" is offered at twenty-five cents in stamps or coin. 

For either of these informative brochures ... address Dept. 6-S, 
Electronics Department, General Electric, Schenectady, N. Y. 

LEADER IN RADIO, TELEVISION, AND ELECTRONIC RESEARCH 

GENERAL E4 ELECTRIC 
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COMMUNICATION PRODUCTS COAXIAL TRANSMISSION LINE provides a radiation-
free line of copper or al ijinilillili. designed according to sound engineering 
principles. Four sizes are available: a flexible U-inch line with spun-glass 
insulation for receiving or low power purposes; a new and improved 3/8-inch 
semi-flexible ceramic insulated line for low power applications; a l/8-inch rigid 
type; and a 15-;, -inch ultra high frequency line for high power use. A complete 
assortment of standardized fit dugs and maintenance equipment is obtainable 
for each size line. Years of experience have enabled us to reduce tolerances 
to a minimum. 

MEMORANDUM 

or 

years now, we've been designing 

and producing radio equipment for broad-
casting systems, commercial communication 
companies, manufacturers and such govern-
ment agencies as the Weather Bureau, the 
Civil Aeronautics Authority and others. 

Today, of course, we're up to our necks--
and glad to be--working f or the United States 
Army, Navy and Coast Guard. Vie' d like to 
serve you now --and we can, if you've the 
proper priority. But if you haven' t • • • 
we hope you'll be patient until the GA 
signal comes through and all of us can go 
ahead with our plans for better commercial 

Vie promise you, though, that the war's 
stimulus has prodded us into designing 
and amateur radio • 

and producing many new items*. Auto-
Dryaire --an automatic coaxial line de-
hydrator, improved coaxial ca'ole and 
tings as well as much better le and le 
band-change switches• Of course, Q-Yeax 
low-loss lacquer is still tops and we are 
always ready to supply UHF radiators for 
land, marine, aircraft and mobile services • 

While we' re all working, for Victory why 
don't you plan for tomorrow in anticipation 

of new and improved C.P• gear? 

COMONICATION YBODUCIS COMPANY 



STERLING SWITCHES, with pure silver contacts, 
are available in two standard sizes for low and 
moderate power transmitters, laboratory instru-
ments and various electronic devices. Of rugged 
mechanical design they are adaptable to many 
circuit arrangements, and are characterized by 
low turning torque, constant contact resistance 
and high current rating. Because all conducting 
paths are of pure silver. "hot-spots" do not 
develop at contact areas. 

ANTENNAS AND RADIATING SYSTEMS include: 
standard high frequency rotary beams, half-
wave "foldbacks, ' vertical and horizontal 
coaxial radiators and ultra high frequency fixed 
and mobile directive arrays—as well as special-
ized units to meet individual specifications. 
Antennas and supporting structures are care-
fully designed to withstand high wind velocities. 
They are produced in most conventional metals 
—steel, copper, brass, and aluminum as well as 
the less common alloys in order to withstand 
prolonged exposure where salt water service 
results in excessive corrosion. 

Half-wave coaxial antenna. Designed for 
Imaximum strength and minimum weight. 

O-MAX A-27 RADIO FREQUENCY LACQUER 
is a remarkable new, extremely low-loss, 
fast air-drying lacquer for use in the treat-
ment or impregnation of radio frequency 
components. Q-MAX is used for both audio 
and radio frequency applications, giving 
protection against mechanical injury and 
moisture. It serves as a base for the em-
bedment of wire on rigid coil forms, thus 
reducing slippage. It has high adhesive 
strength and is extremely flexible. Q-M AX 
is applied by dipping or brushing. Use 
multiple applications for extra heavy 
coating requirements. 

AUTO-DRYAIRE, an exclusivedevelopment of Com-
munication Products, is a completely automatic 
device for maintaining coaxial transmission lines 
at pre-set pressures of moisture-free air. It will 
function for indefinite periods at the rate of 
1000 cubic inches per minute (at such a rate, an 
"F" cylinder of nitrogen would be exhaust ed in 
two hours). Since AUTO-DRYAIRE utilizes the 
freest commodity—air—it is independent of 
critical gases and heavy cylinders. 

PRODUCTS 

744 BROAD STREET, NEWARK, NEW JERSEY 

FACTORY: 346 BERGEN AVENUE, JERSEY CITY, NEW JERSEY 

COMPANY 



UTC 
LEADS 
THE 
FIELD 

UNITED TRANSFORMER CO. 
150 VARICK STREET NEW YORK 13, N. 

EXPORT DIVISION: 13 EAST 40th STREET, NEW YORK 16, N. Y., CABLES: "ARL 
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Designs nr... 

The hermetic sealing of trcaisfo-rners covers a wide 

range of problems, and an equally wide range of 

applications. The two units illastrated at the ieft, for 

example, represent a high voltage transformer for high 

altitude operation, and an audio unit weighing approx-

imately one ounce. 

There is more to hermetic sealing than meets the 

eye. The illustrations below show some of the factors 

contributing to the high quaLty of UTC hermetically 

ealed units. 

May we design a war unit to your application? 
For obvious reasons, the units illustrated a-e nor actual war iterre.-

Engineering ... PRODUCT 

ENGINEERING CONFERENCE 

Engineering starts with research, continues through the 
conference table, and then goes through the proving of elec-
trical design. sealing methods, vibration test, etc. 

Engineering ... PRODUCTION 
m•h. APTITUDE TESTIN 
up worker suited to operation 

MODERN METHODS 
induction heating 

DESIGN PROVING . . . POWER 

The production of war units goners:1BI requires 
precise control. This requires the scientific choice of 
workers for specific operations ... the use of mod-
ern methods throughout ... and continuous control 
of quality and production flow. 

CONTINUOUS CONTROL for 
um fo-mify of production 

EXPORT DIVISION: lOO VARICK STREET NEW YORK, N. Y. CABLES: 



gooier"( 
"Sure is swell, the enjoyment us guys way out here 

get from shortwave broadcasts from the States. 

It's GOOD to hear from home ...favorite 

programs ...Bob Hope, Kaltenborn, Dinah Shore, 

Harry James, the Philharmonic, we get 'em all! 

It takes a good set to pull 'em in but MY 

EC-1 never fails me! 

A lot of Hams are going to find it easy 

to fill their logs, when they get an EC-1! 

You can't get an Echophone EC-1 

until after this fracas is finished— 

but after that... Oh! Boy!" 



Model »4-25 

6 channibl t.ansrn,tter-r•:eiveir unit capable oí opersion 
lions 12- 32- HO volts DC or tio-volts AC 

Model TMC station or broadcast transmitter. 

Model T-100-TC 

200-..att ground statioin unit with 
6 pre-timed autornai ic shift channels. 

fee 

1000- to 3000-watt high-iid•lity ground 
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TO PRODUCE FOR VICTORY 

PLAN YOUR COMMUNICATIONS... 

ettee 9etectitel 
When you plan future installations of communications equipment, you 

want time-tested and proven apparatus - that means HARVEY-WELLS 
engineered outfits ... to do the job with sharp, clear and distortion-free 
transmission and reception, day-in and day-out. 

"Prepared by the Past"— through the combined "know-how" of radio 
engineers, production experts and crystal craftsmen — and augmented 
now with knowledge broadened by war-time operation, you are assured of 
BETTER communications equipment, that will save time 

and multiply efficiency in your organization. 

If we have planned for you in the past, let us plan for 
you in the future. Whatever your communications or special 
electronic problem, whether aircraft, industrial, ground or 
police equipment — we are prepared to solve it. 

rIFIteRVIEY-WELLZ-itutuuticedittei iile 

HEADQUARTERS 
For Specialized Radio Communications Equipment 

SOUTHBRIDGEMASS. 

Zee°, • 
TELEPHONES 

TRANSMITTERS 

HIGH-FREQUENCY 
GENERATORS 

ELECTRONICS 
EQUIPMENT 

CRYSTALS 

EXPORT OFFICE 
13 EAST lioth ST., 

N. Y. 16, N. Y., U. S. A. 
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ASK FOR THIS BOOK 
**TIPS ON MAKING TRANS-
MITTING TUBES LAST 
LONGER." Helps you get maxi-
mum life from your old tubes. 
Ask for copy. Address: Radio 
Corporation of America, Com-
mercial Engineering Section, 
479 South 5th Street, Harrison, 
New Jersey. 
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and a tremendou 
been built as 

The r 
each 
pr. 

1 
e- dew tu elt 

1%veé #i 
Since 1933, RME radio communications uipment 

has served dependably in all corners of the g 

Now, with the world at war, this reliaNe equipment is 
proving the merits of the precision m ufacturing processes 
used by its builder. R M E equi ent and accessories are 
in the thick of the fight on lan nd sea. 

Always it has been t4, policy at R M E to provide "the 
finest quality radio • 'ducts at the lowest possible cost" 

ollowing of friends and customers has 
sult of this guiding rule. 

arch and manufacturing skill that goes o 
E product comes from engineers of long nd 

ical experience. They are men who study an "live 
ith" the problems and needs of both amateur d com-

mercial radio. And they're deter-
mined to continue the reputation 
RME has established for depend-
ability and quality in its communica-
tions equipment. 

In the post-war world, R M E equip-
ment will be the choice of thousand 
. . . make it your choice, too. 



Portable Transmitter-Re v. 
er, Type SPD 27, readl for 
field use. Illustration çbows 
this compact unit take down 
and packed in carryi bags 
for easy transportatiim. 

Here is the R M PD Series 
Fixed Frequency eceiver. It 
is in use by ai rts, barge 
lines, State lice, armed 
services and o • ers requiring 
fixed tuning equipment. " 

75 

Ifl FINE COMMUNICATIONS EQUIPMENT 

RADIO MFG. ENGINEERS, INC. 
,,eeieftw effet&f, U. S. A. 



P=FM ri PRODUCTS 
Lb' CORPORATION 

U814/ 

totooitgo pymmge 
Custorn-quality is a clIaracteristic 

of skillful vrorkrnansilip---the result.. 

of yearso specialization. 

Par-Metal Producks riae this 
v  aual-

'ere—plus the virtues of ruggedness 

and e°°^°1111 No. 41 
Write for Catalog ue -A• 

32-62-49th STREET . . . LONG ISLAND CITY, N. Y. 
Export Dept. 100 Varick St.. N. Y. C. 

76 



WITH U.S. ARMED FORCES 



F 
DEPENDABILITY' STABILITY' ACCURACY 

FIXED AND VARIABLE 

RESISTORS 
/d 1,/.ei/zed/e . 

For Correct Use Consult the I. R. C. Resistor Chart. 

Send for your copy. 

INTERNATIONAL RESISTANCE COMPANY 
401 N. BROAD STREET • PHILADELPHIA 8, PA. 

U. S. A. 
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strurnents for measuring frequency including see 

dory frequency standard and electronic frequency 

eters. Model 500A Electronic Frequency Meter above 

Re 
all phas 
The accu 
always an 
operation 
To gain 

signed to op 
audio freque 
-hp- vacuum 

To acc 
resistance -tune 
matching system 

Investigate - h 
engineers can giv 

ompl 

Instruments. for measuring voltage in the pudic, and 

high frequency range. Model 100A Vacuum Tube 

Voltmeter above 

odio frequency oscillators of thel 

esislanceituned type. Excellent Ire. 

uency stability and freedom from 

wove form distortion. Model 20011 

Resistance-Tuned Oscillator above 

earch into the fields of electe engineering, physics, che istry and 
of science is greatly aided by the use o modern electronic measur g devices. 

• cy with which measurements are ma e is the yardstick of pro ess. Time is 
important element. Thus, electronic nstruments should corn me speed of 
ith accuracy. 
eed of operation withoutillWfic of accuracy, all -hp- ins uments are de-
ate with a minimum of adiueme t. For the first time a v riable frequency 
y oscillator which d s re • ire a zero adjustmen is available. The 
be voltmeter is as o o crate as a multi. ran e d.c. instrument. 
h certain measur ore uickly -hp- model 2 AG incorporates a 

• udio oscillator pu ter • utput meter, sue ator and impedance 
.. all in a sing nit. 
services tod te, gi ng details of yo problem so that - hp-
ou most a rate infor ion. DO IT • WI 

PROMPT DELIVERY. Due to the 
dernoad of war, production fo. 
c ii.ies have been greatly ex-
panded. Immediate delivery 
can be made in many eases 
bei'mre orders ci,re covered b 

high priority ratings. 

BOX 335-J STATI 14 A ALO ALTO, CAIIFORNIA 

Audio signal generators providing standardized 

voltage throughout che audio frequency ronge. 

Model TOSAS Audio Signal 0enrr,tor above 

liarmonn ware analysers wilh many new fro-

lures Including ennoble bond vodth. Model 

ioss wave analyser above 

Instruments for making ' 

overall measurements - 

on audlo eqvipment in-

cluding total harmonic 

distortion, frequency 

response, and hum ' 

level. /Aodea 37511 

tortion Analyser ewer 



MICROPHONES 
designed to bring the message through. 

Microphone performance begins with design. 

Orders, instructions, information must come 

through—audibly. It is the designing engineer's 

job to bring the human voice through clearly—to 

eliminate as much as possible the engine noises 

and tumult that might garble a vital message. 

The proven ability to design and manufacture 

microphones that serve under such conditions 

— as well as under other severe conditions 

that attend combat duty — has made Shure 

Brothers America's foremost manufacturer 

of microphones. 

SIIURE BROTHERS 
225 West Huron Street • Chicago 

Designers and Manufacturers of Microphones and Acoustic Devices 

• 
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"Plus ca change 
plus c'est la 
même chose 

*(THE MORE IT CHANGES, 

THE MORE IT IS THE 

SAME THING) 

Over 95% of Sprague capacitors being produced 
today are different from those of pre-war days 
—and a lot of hard, painstaking and fast work 
has gone into making the necessary changes to 

meet wartime conditions. The primary insula-
tion, the basic dielectric, the fundamental proc-

esses—these did not spring full fledged over 
night, but are "the long result of time." These 

processes produced good condensers before the 
war, are producing good condensers now to 

meet war specifications—and will produce good 
post-war condensers. Specifications change, the 
condensers change to meet them, but always 
Sprague condensers are good condensers. 
'Plus ça change--' ". 

SPRAGUE SPECIALTIES COMPANY, NORTH ADAMS, MASS. 

Capacitors for Power- Oil-filled Capacitors 
Factor Correction 

Paper Capacitors High-Voltage Pulse 
Networks 

Radio Noise Suppression 
Mica Capacitors Filters 

Transmitting Mica Capacitors 

CAPACITORS KOOLOHM 

RESISTORS 
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A mateur 

roadcasting 

ommercial 

tathermy 

Electric 
Welding 

Film-Sound 

GIL eovernment 
Army, Navy &Aviation 

14 . 
zgh Frequency 

Heating 

'Idustrull 
Electronics 

...and so on, throughout 
the "alphabet- of 
boundless electronic 
applications 

UNITED 949-A 

Efficient h. f. oscillator 

tube, one of a great many 

UNITED types now available. 

ieeJ)  

from to GM 
—is assured for long service life when you use UNITED 

Tubes. Despite the urgent demands upon us for tubes to 
fill military needs, we have done surprisingly well in 

keeping other essential requirements supplied. 

Write for new catalog giving descriptive data 

covering an extensive range of tubes for elec-

tronic transmitting applications. 

Tif 
ELECTRONICS " COMPANY 

42 Spring Street • Newark 2, N. J. 

Transmitting Tubes Exclusively Since 1934 



"ROGER!" "ORANGE LEADER CALLING. 

"Getting the message through" is the business of 

thousands of our ham friends these days. 

Some of them are running into their old friend, the 

Browning Frequency Meter (shown below), which 

is helping keep certain war rigs accurate. 

Some of them will be interested to know that 

Browning has perfected and proved-in-the-field a 

balanced-capacitance signal system which has 

helped relieve the manpower situation in many 

plants by reducing the need for armed guard 

patrols. (Descriptive literature on request.) 

All of them can look forward to returning to their 

own shacks in the sure knowledge that when peace 

comes Browning will be adding to ham operating 

pleasure with new, even better gear. 

BROWNING 
LABORATORIES, INCORPORATED 

WINCHESTER, MASSACHUSETTS 
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Shown on these pages are lust a 

few of the products Johnson is 

contributing to the war effort. 

Johnson is well and favorably 

known the world over as a manu-

facturer of variable condensers, 

inductors, tube sockets, insula-

tors, plugs and jacks, and mis-

cellaneous transmitter parts. 

For years Johnson has manu-

factured special parts and equip-

ment for Broadcast and Police 

Stations—most of this equipment 

engineered and designed for 

specific applications. Demand for 

this type of equipment by the 

armed forces has been many 

times peace-time requirements. 

With Johnson's "know how," re-

search and experimental facili-

ties, and intimate engineering 

knowledge of the requirements of 

"parts" it is only natural that 

Johnson has been called upon to 

furnish many complete assem-

blies incorporating these parts. 

Military secrecy demands that 

no detailed information be given 

at this time, but it will make an 

interesting story after hostilities 

cease. 
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... thousands of amateur radio operators have enlisted 

with the U. S. Army Signal Corps. And into service with 

them have gone those familiar black and white striped 

Burgess batteries. Burgess batteries are recognized by 

amateurs for quality and economical long life. 

No. 4FA Little Six-1 1.; volts 

—replaces one round No. 6 cell. 

Radio "A" type; is recom-

mended for the filament light-

ing of vacuum tubes. Size, 

41 1"6" x e8" x 2%". Weight, 

1 lb. 6 oz. 

No. 5308 — 45 volt "13". 

battery equipped with in-

sulated Junior knobs. 

Taps at —, +223 ;'i, +45 

volts. Size in inches, 57,8 

x 4:;i8 x 2'' 1'6. Weight each 

—2 lbs. 15 oz. 

No. 2308—A 45 volt super-service, standard 

size radio "B". Designed for receivers with 

plate current drain of 10 to 15 milliamperes. 

Size, n 8" x 8" x 27,8". Weight, 7 lbs. 6 oz. 

No. F4BP—A 6-volt heavy-
duty portable battery, designed 
for Burgess X109 headlight. 
Contains four F cells con-
nected in series. Screw ter-
minals and brass knurled nuts. 
Size, 221,e x 2214.2" x 47,e. 
Weight, 1 lb. 6 oz. 

BURGESS 
BATTERY 
COMPANY 

FREEPORT 

No. Z3ON-45 volt "B" bat-

tery. Improved small size. 

Adapted to radio, portable re-

ceivers and transmitters. Screw 

terminals. Size 3" x 1 x 5". 

Weight, 1 lb. 4 oz. 

No. 2F2H—A 3-volt radio "A" 

battery used with portable 

radios, amplifiers, and special 

instruments. Size, 2%8" x 294;" 

x ,18". 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 in-
sulated junior knobs. Size, 
1742" x 22'3e x 414% Weight, 

10 oz. 

ILLINOIS 

RECOGNIZED BY THEIR STRIPES 

REMEMBERED FOR THEIR SERVICE 

Are you regularly purchasing War 

Bonds or Stamps? Enlist your dollars 

in the Fight for Freedom—Do it today! 
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4eresefricit 

Madulatio44 

RADIO 
COMMUNICATION 
EQUIPMENT 

ia4 
ALL POLICE • FIRE 
PUBLIC UTILITY 
aed GOVERNMENT 

SERVICES 

Fred M. Link 
Fngineer • :_Álanufacturer 

125 W. 17th ST., N. Y. 11, N. Y. 

Telephone: CHelsea 2-3838 



From deep within the transparent beauty of Mother Quartz comes a thin radio-

active crystal. When diamond-cut and perfectly fashioned it keeps frequency con-

stant in spite of mechanical maladjustment—controls the destiny of our vital war 

communications! 

Scores of scientific steps go into the finishing of each crystal—the kind of precision 

workmanship you'd expect of Wallace Craftsmen—the kind you'll find in Wallace 

Peace-time Products. 

Cable Assemblies are a far cry from crystals but the same deft handling and 
enaineering dominates all work flowing through the Wallace Coble Assembly Plant. 

WIT1IWALLACE MFG. [D 
General Offices: PERU, minim 

Cable Assembly Division: ROCHESTER, InDinnn 



DEVOTED TO RESEARCH AND THE MANUFACTURE OF TUBES FOR THE NEW ERA OF ELECTRONICS 

RK -20A 
3B23/RK -22 

RK-23 
RK-24 
RK -25 
RK-28A 

2C21 /RK-33 
2C34/RK -34 

RK-38 
RK-39 
RK-48A 
RK-49 
RK-59 
RK-60 
RK-62 
RK-63 
RK-64 
RK-65 
RKR-72 
RKR-73 
RK-75 
RX-120 
RX-212 
RX-215 
RX-233A 
. RK-807 
RK-829 
RK-836 
RK-837 
866A/866 
872A 
954 
955 
956 
957 

CK-1003/0Z4A 
1005/CK-I005 
1006/CK-1006 

CK-1007 
RK-I 625 

2050 
2051 

lmaginahon ... is the fountainhead of 
true progress in the radio industry. The results of the visions 

dreamed and the ideas projected by the Raytheon engineers 

is manifested in the practical and potential innovations in 

the Raytheon line of electronic tubes. 

Wartime emergencies have, of course, greatly stepped 

up the pace of tube developments.., progress since Pearl 

Harbor has equalled the ten preceding peace-time years. 

When the next peace conference adjourns, all of these 
wartime engineering accomplishments will become avail-

able to amateurs and the whole radio industry. Raytheon 

electronic tubes will be built better than ever before: but, 

more important, the engineering of Raytheon tubes will 

afford undreamed of new horizons to both amateur and 

commercial radio. 

Earh of the Four Divisions of Raytheon has been 
awarded the Army and Navy "E" 

RAYTHEON PRODUCTION 
CORP. 

Newton, Massachusetts 
I 
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STANCOR 
PROFESSIONAL SERIES PLATE TRANSFORMERS 

The best of insulating 
and conducting mate-
rials scientifically ap-
plied thtuetut the coil 
afford generous mar-
gins of safety again': 
electrical failure. 

Phenolic side panels 
with heavy duty insu-
lators insure excellent 
dielectric characteris-
tics and easy accessi-
bility. 

Cast semi-steel end 

bells provide a rugged 

mounting and a sym-

metrically finished 

appearance. 

Accurately processed 
high grade silicon 
steel stampings, care-
fully laminated, result 
in an efficient and low 
loss core structure. 

Vacuum impregnation 
of coils and thorough 
penetration of potting 
compounds furnish 
complete protection 
against the effects of 
humidity and time. 

Rigid inspection of ma-

terials and progressive 

testing thruout fabri-

cation result in a 

quality product. 

STANDARD TRANSFORMER CORPORATION 150 0 NORTH HALSTED STREET • CHICAGO 

Euellie a Effetodie 



UNDED IN 1897 

Ce}/42412iel. 70,141 

Low Loss Steatite Insulators and Assemblies 

In addition to thousands of styles and shapes of 
low loss Steatite Insulators, we also manufacture 
many with METAL FITTINGS ATTACHED, ready 
for use. These include standoff, lead in, strain and 
other standard lines of Steatite Insulators. 

Stupakoff Steatite Insulators are made to your 
specifications with or without metal attached. In 
addition to attaching preformed metal fittings, we 
plate ceramic insulators with ferrous and non-
ferrous metals. Subsequent to applying this metal 
to ceramics, we machine or grind the metal surfaces 
to precision tolerances, as required. 

92 "for great 
chievement" 

BUY MORE WAR BONDS 

STUPAKOFF CERAMIC AND MANUFACTURING CO. 
LATROBE, PA. 



FACTORIES 

LITTLE KNOWN 
SOURCES 

WAREHOUSES 

Always Large Stocks of 
Condensers Plugs 
Relays Speol en 
Insulators Soldring irons 
Tubes Receirers 
Microphones Resistors 
Sound eguipmen Keys 
Coils Transionn en 
Wire and cable Clips 
Crystals Sockets 
Batteries Vibrators 
Headphones Etc., etc. 

These and Other Famous 
Brands Always in Stock 
Aerovox 
Allied Relays 
Amphenol 
AIR 
Amperea 
Aug:0k 
Audak 
B W 
Belden 
Birnbach 
Bliley 
Brush 
Bud 
Burgess 
Cannon 
Cardwell 
Centralab 
Cinaudagraph 
CornelliDubilier 
Drake 
Dunco 
Echophone 
Eimac 
Esico 
Eleorovoice 
Gornmairon 
Guardian 

Hall crafiers 
Hanunariund 
IRC 
iensan 
ones 
envon 

Littenuse 
Mallory 

Millen 

Mueller 
Nahonal 
Ohnite 
Par-Metal 
Presto 
Raytheon 
RCA 
Slur, 
Speed-X 
Taylor 
Thordanon 
Trimen 
Triplett 
UTC 
Webste-.Roulcrid 
Weston 

Free to 
Purchasing 

Avesta 
Radio's Master En. 
cyclopedia with 
hundred, of pages 
of catalog data on 
important radio and 
electronic equip-
ment, all in one 
clodlboonc nPurne. 
WRITE TODAYI 

YOUR BEST SOURCE OF 

ALL RADIO AND ELECTRONIC 
EQUIPMENT From the producing factories, 

from warehouse stocks and from 

little known sources, TERMINAL draws a steady flow of 
equipment. Experienced "civilian procurement men" thus keep 

rotating TERMINALS large, complete stocks; are thus able 

to supply rapidly your pressing needs. TERMINAL 
F quick and intelligent service, turn to  

ON THE PRODUCTION 
LINE, IN THE FACTORY AND AT WAR 

TERMINAL 
RADIO CORP. 

85 Cortlandt Street, New York 7, N. Y. Tel. WOrth 2-4416 



• 
VARIABL 

OIL • CD 

POWERS-TAT 

' 

MO• -DRIVEN 
AIR. COOLED POWERSTAT 

LTAGE FORMERS 

FOR PUSH BUTTON OR 

MANUAL OPERATION 
Designers of modern electronic equipment are speci-

fying POWERSTAT variable voltage transformers for 

smooth, continuous control of voltage and power. 

Transmitter engineers find POWERSTATS invaluable in the 

control of plate, filament and bias voltage to specified 

values. Power output is quickly and accurately adjusted 

to meet varying requirements. Other applications in-

clude telephone regulators, control of induction heating 

apparatus, X-ray devices, insulation testing, photogra-

phic equipment, visual testing panels and manufacture 

of high power vacuum tubes. 

Wherever an efficient, well regulated source of voltage 

free from wave form distortion is required, specify 

POWERSTAT variable transformers. Units are available in 

Motor-Driven types for push button or automatic con-

trol, and Manually operated types with handwheel ad-

justment. Air-cooled and oil-cooled POWERSTATS in 

capacities up to 75 KVA are standard for single or 

polyphase operation. 

Send for Bulletins 

149 LA — POWERSTATS 

163 LA — Voltage Regulators 

SUPERIOR ELECTRIC CO. 
10 LAUREL STREET, BRISTOL, CONNECTICUT 
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STYLES MFA, MFB and MFC: Precision Meter Multi. 
plier Resistors. Hermetically sealed. Salt water immer-
sion proof. 

STYLE "K" RESISTORS: Power Wire Wound Resis-
tors 5, 10, 25, 50, and 120 watts. 

Wire lead or lug terminals on styles 5K and 10K. 

Lug terminals only on styles 25K, 50K, 120K. 

Non-inductive windings available. 

Various types of mounting, shown in catalog. 

STYLES A, B, C, D, E, F: 120,90,50,35,20,10 watts. 
Hermetically sealed power wire wound resistors. 

Designed to withstand salt water immersion tests. 

Ferrule Terminals for fuse clip mounting. 

Non-inductive windings available. 

STYLE V. D.: 10 watt and 15 watt wire wound. 
Resistors designed to make voltage divider sections 

when mounted end to end on through bolt. 

Type MFA-7.5 megohms max. 
Type MF8-4 megohms max. 

Type MFC-1 megohm max. 

STYLE SP: Wire wound bobbin type resistors. Style 

SP-1, single section. Style SP-2, dual section. 

2.5 watts, continuous rating, per section. 

250,000 ohms max. per section. 

MEGOMAX: High voltage, high temperature, composi-
tion resistor. Hermetically sealed. 

Type 1-3400 ohms to 100 megohms 

Type 2-6800 ohms to 100 megohms 

Voltage and power ratings depend on resistance value. 

SPRAGUE SPECIALTIES CO., Resistor Division, NORTH ADAMS, MASS. 

SPRÁGUE IL 
L1 

REGI TERED TRADEMARK 

RESISTORS 
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SIGMA / T. Specialists In Sensitive Relay Engineering and Manufacture 

Steutdand Z'eteut 7wtee 
SERIES 4 

Recommended for:-

*Economy 
*Light weight 
* High Speed 

* Moderately severe environ-
ment (temperature and vibration) 
* Moderate sensitivity, e. g. Air-
craft performance on 30 milli-
watt input. 

TYPE 4F 1 bj. 14. x 15,0 

Wright: oz. 
TYPE SF 1% , x 1.54% 

Weight: 33.¡ oz. 

SERIES 5 
Recommended for:-

*Exceptionally severe environ-
mental conditions, maintaining 
precise adjustment at extreme 
temperatures and after severe 
shocks (500 es). 
* Maximum sensitivity in small 
space and weight, e.g. Aircraft 
performance on 5 milliwatt 

T1 PE tA Ilia. x 2* high TYPE 4R 13e x input. 

Both Relays Available Mounted on 5 Pin Tube Base 
in Various Different Enclosures As Pictured Above 

seedaeeed 07eed AC Input. Either with shaded pole construc-
tion or with midget instrument rectifiers. 

High Speed and special chatter-free keying. These applications require special 
treatment by our engineering department in terms of your particular problem. 

Polarized Relays, with 3 position single pole double throw switching (normally 
both legs open) operating on a small differential between the currents in two 
opposed coils, and having positive snap action in either direction and positive 
centering. Ample forces for aircraft conditions. 

WRITE FOR COMPLETE DATA, STATING YOUR PROBLEM 
FOR OUR RECOMMENDATION 

  Sigma Illstromellts,inc. 
(/ 9z &t RELAYS 

78 FREEPORT STREET, DORCHESTER 22 MASS 
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Capacitor failure i a co troub 
but not a necessary CO 

C-D Ccrpacitors 

have s 

the inherent stamina that keeps radios 
operating at their b est. Th eir quality results frorn 

precision manufacture backed by the knowiedgei 

and experience gained over thirt1,-three years 

by Cornell-Dubilier engineers arid smen. 
C-D Capacitors, today, are proving craft 

their superiority ii? wartime ooinrnunications all over 

Cornell Dubil the world. Senc/ for descriptive bulletins. 

ier Electric Corporcrtion 
South Plainfield, 

e New Jersey 
Engineerd for Dependability 



RADIO-TELEGRAPH APPARATUS 

for LEARNING TO COPY - 
PRACI'ICING- CODE 
CLASS INSTRUCTION- • • • MIMI 

YOUR first objective in your radio career as a hobby or as a profession 

will be to learn the radio-telegraph code. In order to obtain the 

amateur and commercial licenses you will have to be able to pass a satisfactory 

code speed. The speed or the number of words per minute in code that you will 

have to copy will of course depend on the type of license that you apply for. 

START off on the right foot. First, you will have to learn the code char-

acters — but the only correct method of learning these char-

acters is to hear them — not to memorize them by sight. Naturally if you have 

to learn them by sound you will have to have a friend send these code characters 

to you. He will have to do this manually with the aid of a telegraph key and an 

audio oscillator. Also . . . you had better choose a very patient and loyal friend 

— one that will be with you at all times — especially when you have the time to 

spare or are in the mood to copy code. 

WILL you want to depend on someone else to struggle through weeks 
of infrequent practice sessions when you probably are in an awful 

rush to get your license? 

BE up to modern developments. We have your "friend" here in our stock-

room. He is better known as an Automatic Keyer or Code Machine. 

Being all electrically controlled and electronically keyed makes things easy for 

him. He will send to you at all hours of the day and night. The sending will be 

nice and dear-cut — easy to listen to — easier even to learn on. 

EASY methods make learning quicker. The Automatic Keyer simply 
plugs into your electric socket. Place a roll of tape on the keyer. 

turn on the control switches — then set the code speed just where you want it. 

Then you will pick out the letters, then words — and you've got your start. 

AYERS AUTOMATIC 
711 BOYLSTON STREET 

102 



This is a short view of the machine 
* mg completely set up and ready to go ... 

If you are going to learn the code or want to 
"brush-up" on your code this equipment will be 
the answer to your requirements. 

The keying unit transcribes code characters that 
are inked on the paper tape that passes through an 
"electric eve." The keying unit is at the right side 
of the picture. The tape pulling unit will pull the 
tape through the keying unit at any speed that you 
desire. 

TA PES 
The tapes of course, carry the text of the material that will be sent to you through 

the keyer. Every character on the tape will be sounded out to you clearly and 

accurately. We believe that we have the largest selection of tapes available in 

the World. All types — over three hundred varieties. There are special tapes for 

beginners, a special set for slightly advanced students — and very intricate and 
high speed types for commercial practice and old-time operators that wish to 

engage in some high speed code practice. • 

NPEI:IAL TAPES -ILIDE IN QUANTITIES FOIL C0.11.-
.11E1ICIAL A ND GOVEItNIIIENT W I DIO SCHOOLS 

The Automatic Keyer is known commercially as the G-813-742, the G-813-A 

and is manufactured exclusively by the McElroy Mfg. Corp. This type unit is 

also known as the Army TG-10. The tape is the standard N" recorder slip inked 
with dots and dashes. We make many varieties of this tape with the texts as 

specified by the many Schools devoted to training our men in the Armed Forces. 

Special tapes will be made upon request for any Government Service. 

FOIL GOI -Elt11E_VT AND I0.11_,IE1111.1L . . 

Prices of keying equipment and tapes will be quoted immediately upon request. 

Deliveries can be made very promptly. 

155E . . . 

If you want to learn the code quickly, easily and with a minimum of time, 

effort and expense, you can RENT an entire keying unit complete with tapes 

and earphones, ready to go to work for you. Drop a card for rental prices and 

further information. 

CODE MACHINES CO.. 
BOSTON 15, MASS., U. S. A. 1 NI 
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We illustrate an ABBOTT 
Model TR-4...a standard, 
compact and efficient 
ultra-high frequency 
transmitter and receiver. 

re4A N6MIFITIM,.S/ rteie 

We never laugh at 

String Savers 

The man who saves string knows what he is doing . . . some day 
those treasured pieces may come in handy. So, rather than laugh, we 

encourage, for we, ourselves, know something about the value of put-
ting away for a rainy day. 

For example, the nuggets of knowledge stored up in yesterday's 
manufacture of ultra-high frequency transmitters and receivers have a 

definite bearing on the war work we are doing. And the ideas we're 
"banking" today will be mirrored in ABBOTT equipment of tomorrow. 
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We are and have been engaged 

100°0, since the outbreak of 

hostilities, in supplying the ur-

gent requirements of the 

ARMY • NAVY • AIR FORCE 

LABORATORIES SCHOOLS 

INDUSTRY 

ore i bring victory T not 

much sooner. We hope that soon 

we will be able to head the list 

with our tried and true friend — 

the amateur. 

A 7 git\11111110 
  al 'I' " eed>t  S ¡Pt\ CP 114 

"601SII:I HMI negr ntl %SIP   
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In war as in peace   

1:11EPENDABLE 

NAME 

IN EVERY LAND, 

ON EVERY SEA, 

WHEREVER ARMY 

NAVY and MARINES 

MAY BE.. 

WORLD'S LARGEST and OLDEST MANUFACTURERS of 

AND RADIO-ELECTRICAL PRODUCTS 

• Radio Direction-Finding Antenna Systems 
• Radar Antenna Systems • Junction Boxes 

• Lightning Protective Devices 

• Antenna Mounts and Other Radio-Electrical Accessories 

AiLlJULL: fUtt J1HLFL LbbLNIIAL ÚbLS INCLUDE 

• Potheads • Gas Relays 
• Protective Panels 

• High Tension Detectors 

• Arrester Housings 
• Terminals & Housings 

• Solderall 81 Flux 

Right now Uncle Sam's armed forces have first call. After Victory, 

our products will once again return to civilian service—improved 

by wartime experience and more dependable than ever. 

L. S. BRACH MFG. CORP. 
ibittwia asigiters s, acturers for Past 20 Y'ears 

Main Office k Factory: 55-65 Dickerson Si, Newark, N. J. 
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ACTUAL-SIZE 

ILLUSTRATIONS 

No. 1590 
Single winding with ite• 
dents. Weight complet s, 
only 31/. ounces. Coil 
2" dine. x 4. long, 
31/4 " overall height. 

MADE "SPECIAL"—MADE FAST— 

and MADE RIGHT 

Double winding (topped 
outer coil with inner wind• 
ing for coupling to o low-
impedance load). Weight 
complete, 23/4  ounces. Coil 
2" din, n 3" long. 31/4 " 
overall height.. 

INDENTS 

FACILITATE 

TAPPING 

OF ANY 

TURN I 

These two Air-Wound units, designed for 

ship-to-shore radio telephone transmitters, 
are typical of B & W small coils now being 

produced to meet exacting specifications by 

modern production methods at the rate of 

1200 a day! 

Many outstanding advantages accrue to 

these coils as a result of the famous B & W 

Air-Wound construction: Exceptionally light 

weight; mechanical ruggedness (they are not 

likely to be put out of commission by dropping 

or rough handling); adaptability to design or 

engineering changes in laboratory or field use; 

and the ease with which ANY of the closely. 

wound turns may be tapped, thanks to the 

special indent feature. 

B & W Air Inductors of this 

general type are available for 

all normal frequency ranges. 

Literature on request. 

BIG COILS, TOO! 

Here you see the small No. 1591 Air inductor 
shown in comparison to a B& W high-power 
unit for 10 KW. service. Details on any type 
gladly sent. 

AIR INDUCTORS 
Air-Wound and Ceramic and Phenolic Form Types 

BARKER & WILLIAMSON, 235 Faireleld Ave., Upper Darby, Po. 
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••••.• RADIO REFERENCE MAP of the 

FOR THE ENGINEER 
, FOR THE AMATEUR 

FOR THE EXPERIMENTER 

WHOLESAL 

UNITED STATES 

FOR EVERYTHING IN RADIO 

WRITE TO LEO, W9GFQ 

ADIO LABORATORIES 
CIL BLUFFS, IOWA 

<17:• 1‘' ice, eiWn, 1410/1-eze 
Radifogeferesce Map 
FREE from to 

PARTS — SETS — REPAIR 

My stork of parts is the most com-
plete you'll ever find. Thousands of 
parts to build your own outfits or re-
place break-downs. Also quick, skill-
ful repair service by our trained ex-
perts. Let us help you get your 
equipment in first-class shape. Don't 
forget, I pay highest prices for test 
equipment, communication receivers, 
transmitters and associated equip-
ment. Also best trade-ins. Write to-
day for big free catalog, full of eve-
rything needed by the amateur, ser-
viceman and engineer. Write to Leo, 
W9GFQ. 

Here's the map that'll come in handy time 
and again. Leo, W9GFQ wants to send it to you 
absolutely free,—just to get acquainted. 

Just right for your control room wall. Measures 
41/2 by 31/2 feet, printed in three colors. Contains 
systems of four major networks, time zones, ama-
teur zones, world's leading shortwave stations, all 
standard broadcast stations, monitoring stations, 
capitals, etc. Send 15 cents to cover packing and 
mailing. Get yours today. Write Leo, W9G1:Q. 
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Improved Communication Receivers 
Will Come from the Tests of War! 

America's communications take the lead in every action of 

this war. Through new and skillful engineering applications, 

laboratory performance standards are being carried right 

into the battle areas themselves. 

Howard, as "America's Oldest Radio Manufacturer", is daily 

adding to its storehouse of knowledge and experience 

through its large production of precision-built military com-
munications equipment. When Howard again turns to civilian 

manufacturing you can depend on getting the finest and 

most up to date radio equipment. 

HOWARD RADIO COMPANY 
1131-35 Belmont Ave., Chicago, Ill., Cable Address: HOWARDCO, U.S.A. 

f 

, 
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Learn CODE . . 
the EASY Instructograph WAY 

Beginners, Amateurs and Ex-
perts alike recommend the 
INSTRUCTOGRAPH, to learn code 

and increase speed 

Learning Code the easy Instructograph way 
gives you a decided advantage when quali-
fying for Amateur, Commercial, Civil or 
Military examinations. It is the quick, de-
pendable way to increase your words per 
minute to the standard of an expert, en-
abling you to perform at your best when 
taking examinations from government 
machines. 

ACQUIRING THE CODE 
Well known is the fact that practice, and 
practice alone, constitutes ninety percent 
of the entire effort necessary to "Acquire 
the Code." The Instructograph supplies this 
-ninety percent" — taking the place of an 
expert operator in teaching the student. It 
can be adjusted to send slowly at first, then 
gradually faster and faster, until one is able 
to copy fast sending without conscious 
effort. 

DIRECTING THE PRACTICE 

Besides the practice afforded by the Instruc-
tograph, every student should have well 
directed practice instruction. This is sup-
plied by the complete book of instructions 
that comes with every Instructograph Ma-
chine. This informative book provides the 
remaining "ten percent" necessary to obtain 
Code mastery. In simple, easy to under-
stand language it guides the student, step 
by step, to best advantage, explaining the 
few important "short cuts" known to ex-
perienced operators. The Instructograph, 
the tapes that come with it and the book of 
instructions, gives you everything neces-
sary to "Acquire the Code" as well as to 
increase and maintain speed. 

CONVENIENT RENTAL PLANS 

The Instructograph is made in several 
models, any of which may be rented on 
very reasonable terms. As government re-
strictions allow, it may also be purchased 
outright for cash or on convenient monthly 
payments — allowance being made for part 
of the rental paid. A large variety of tapes 
is always available to Instructograph users 
— elementary words, plain language, ad-
vanced messages and coded groups. Avail-
able too, is an "Airways" series of tapes for 
those interested in Aviation. 

SPEED RANGE: 3 to 40 W.P.M. 

..7he initructograph 
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 never necessary to impose on friends 
for practice. It is always ready and at your immediate service. And 
too, you are free from interfering Q.R.M. often experienced in listen-
ing through your radio receiver The Instructograph is just as valu-
able to the advanced operator for increasing and maintaining his 
speed as to the beginner wishing to obtain his operating credentials. 

190.3a (2 j WILL BRING FULL PARTICULARS 

s--- "' IMMEDIATELY • WRITE TODAY! 

THE INSTRUCTOGRAPH CO. 
4707 SHERIDAN ROAD CHICAGO, ILLINOIS 
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HENRY 
DISTRIBUTORS 

MANUFACTURERS 

ENGINEERS 

For over a decade you've recognized it as the most 

popular name in distribution of communications equip-

ment, serving hams with a personalized service. You've 

seen it grow — probably you have contributed to its 

growth — to make it the world's largest dealer in Ham 

radio gear. 

That was before Pearl Harbor! 

Now Henrys are making crystals for your Army — for 

your Navy —doing their important part to bring home 

your relatives, your friends—the Amateur Radio Operat-

ors who are today's fighting radio men. 
THANKS !!! 

Our thanks, and the ap-
When the Hams go on the air again, henry Radio preciation of the armed 

forces go out to the many 
ens t rs who have lent 

or sold their receivers to 
us, to he distributed to 

with any problem — to offer you the same co-operative the fighting fronts,where 
they can do a really im-

portant job. If you 
have a receiver you are 

not using, lend it or sell 
it to one of the services. 

They need thetn 

will be in full stride, ready to serve you — to help you 

service as always. 

2213 WESTWOOD BOULEVARD, LOS ANGELES (25) CALIFORNIA 

MANUFACTURERS • ENGINEERS • PIEZO ELECTRIC QUARTZ CRYSTALS 
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S leo 
SOLDERING 

IRONS _ _  
f".   r"--  

J 

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. 

2544 West Elm Street 

DEEP RIVER, CONNECTICUT 

ee We\ rb\ re\ JIr r;q1r- r)ir;irr igor 
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M
EMO to Post-War Amateurs: 

NATIONAL UNION IS ONE OF THE 

LARGEST PRODUCERS of 

* CATHODE-RAY TUBES 

TRANSMITTING TUBES 
*  

lr SPECIAL PURPOSE TUBES 

Count on National Union as a major source of supply for 

the advanced types of tubes you'll be wanting when peace 

returns. Here you will find one of this industry's most com-
plete Post-War lines of high grade tubes—built to war-time 

tolerances w hich assure better performance and longer life. 

Factories: Newarle, Maplewood, N. J.; Lansia, Pa. 
National Union Radio Corporation, Newark, N. J.dale, Robeson 

NATIONAL UNION 

PRODUCTS 

ALSO INCLUDE: 

Receiving Tube; 

Condensers 

Volume Contros 

Photo-Electric Cells 

Exciter Lamps 

Panel Lamps 

Flostelght Bulbs 



Photographs used on this 
prose ore by courtesy of 
PAN AMERICAN WORLD 
AIRWAYS. 

PREMAX ANTENNAS 
Are Serring the Allies on Land und Sea 

YOU CANNOT SECURE Premax Tubular Antennas today 

because our entire production is going into the service 

of the_ Allied Nations, maintaining communications in 

every land . . . on every sea. 

The skill and engineering ability of Premax Prod-

ucts has produced not one or two types of Tubular 

Metal Radiators, but scores of them ... standard 

designs and special types. All are doing their job and 

doing it well. 

W hen Victory comes, this wealth of knowledge and 

experience in Antenna design will again be at your 

service to supply you . . . as well as commercial users 

. . . with the finest, most efficient types of Antennas 

and Mountings available. 

POINIP0111C4 
Division of' Chisholm•Rwder Co., Inc. 

44119 Highland Avenue NIAGARA FALLS, N. Y. 



Announcement! 
Despite our complete preoccupation 

with war production, we at Jefferson-

Travis have not lost sight of the role two-

way radio-communication equipment will 

play in the better days to Comer Our 

highly specialized engineering staff is de-

voting all available time and skill to the 

development of new equipment for the 

Armed Forces which will prove of great 

interest to the radio amateur. Accordingly, 

when peace is restored we will be pre-

pared to offer you vastly improved equip-

ment for your enjoyment. In the meantime, 

descriptive literature relating to our un-

restricted equipment is available to all 

licensed amateurs. 

JEFFERSON-TRAVIS 
243 Egst 23rd Street • New York 10, N. Y 

RADIO COMMUNICATION EQUIPMENT 

NEW YORK WASHINGTON BOSTON 

116 



111,enA> iivee depetui co tea pe2fileetion 
.YOU CAN DEPEND ON IT, TOO! • • 

Perfection is what counts in a crystal. And perfection comes 
only througl painstaking work—plus constant research to develop 
better and yet better methods of production. 

At Scientific Radio Products Company we're developing those 
better methods. New methods of etching, edging, mechanically 
tumbling crystals into frequency . .. all aimed at producing a bet-
ter finished crystal at lower cost. 

Our armed forces gets most •Df those perfect crystals. But we can 
handle your important needs, too ... on special order. Write us if 
we can help. 

cientific Radio Products Co. 
LEO MEYERSON - W9GFO E. M. SNMELER W9IN 

738 W. BROADWAY, COUNCIL BLUFFS, IOWA 
MANUFACTURERS OF PIEZ 0 ELECTRIC CRYSTALS AND ASSOCIATED EQUIPMENT 
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IteRIS014 HAS IT/ 
Factory 

Distributors 

of 

ABBOTT 
ADVANCE 

AEROVOX 

ALADDIN 
ALLIANCE 

ALPHA 
AMERICAN 
A MPHENOL 

APIRCO 

ARRL 

AIR 
AMPEREX 

MAPERITE 

AST ATIC 

ATLAS 
B W 

BELDEN 

BELL 
BIRNB Aar% 

BLILEY 

BOGEN 

BRUSH 

BUD 
BURGESS 
CARD'' L 
CENTR AL AB 
CtNAUDAGRAPH 

CONT %SENT AL 

CORNELL 

CROW E 

DRAKE 
DUMONT 

DUNG() 
ECH °PHONE 

BIMAC 
ESI CO 
ELECTRONIC 

ERIE 
GAMPAATRON 

GC 

GE 
GENERAL 
GUARDIAN 
ALLICR AFTERS 

H PAPA ARLUND 

PlICKOK 

HOWARD 

ICE. 

112C 
JACKSON  

Since 1925, amateurs everywhere 
ying "Harrison has it!" when-

ever they wanted radio material have been sa — 

quickly and economically. 

Today _ Purchasing Agents, Engi-
neers, and Expediters in War Plants, 

Laboratories, Government Agencies, 

Schools, etc. know that "Harrison has it!" 

when it comes to high priority Radio-

Electronic parts and equipment. 
You can concentrate and streamline 

your purchasing by depending upon 

Harrison—a single, dependable source 

for the products of over a hundred 

different manufacturers! 
Our large and diversed stock, our 

technical sales assistance, and our eight-

een years of procurement experience are 

at your service. 
(lomorrow -- when Victory is won, we w ill he 

happy to agMn serve ou r friends, old and new, 

atest and best in equipm w ith the l ent for peace-

ful purposes) 

800 PAGE 

BUYER'S 
GUIDE 

„erg .ve cronnected yt ohinonPgseeCyrcoohdum toiticnitint:lyhy.• 

lihFecii.RhdlhEyepErdi to 

JANETTE 
JENSEN 
JOHNSON  
JONES 
KENYON 
KRAEUTER 
LECT ROHM 
LITT ELF USE 
MEISSNER 
MILLEN 

PAILLER 
MUELLER 
NATIONAL 

OH MIT E 
P AR MET M 

PIONEER 
PRECISION 

PREPA AX 
PRESTO 

PYREX 

ADI ART 

RCP 
ME 
RAYTHEON 

RCA 
ANO A MO 

SHURE 
SIGNAL 
SIMPSON 

SPEED -X 

SPRAGUE 
ST AMCOR 

SUPREME 
SY LV ANI A 

TAYLOR 
TS ORD ARSON 

TRIPAM 
TRIPLETT 

TURNER 

UNTIED 

UTC 
UNIVERSAL 

UNIVERSITY 

UTAH 
VIBROPLEX 
WARD LEONARD 
WESTINGHOUSE 

WESTON 

' ...... 

Save 
Time! 

Call 
WOrth 2-6276 

First!  

ARRISON RAidirrO liteRPCVATION  
12 WEST BROADWAY • NEW YORK CITY 7 
Telephone - WOrth 2-6276 • Cable - Harrisorad 
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DR 24 G 

Suitable for pulses of 

instantaneous high 

power at high frequen-

cies. Also for ultra high 

frequency work. 

Ifflal 

DR 872 A 

Medium power Rectifier. 

10,000 volt inverse 

peak. Extensively used 

for power supplies from 

1,000 to 5,000 volt out-

put. Current output ... 

2 tubes . . . 21/2  am-

peres. 

a•M a MAI 

DR 873 

Similar to 872 A except 

that it's grid controlled. 

Can be used for the very 

smooth control of recti-

fied DC voltage. 

Grid Control Rectifier 

similar in characteristics 

to 866. 

ix»., a CMS a BMX 

DR 300 

A rugged tube for 

rugged service. Made 

by pioneers in the use 

of graphite anodes 

which protect against 

excess anode tempera-

ture. 300 watt capacity. 

VACUUM CONDENSER 

A permanent capacitance. 

Protected by vacuum from 

moisture, dirt, changing char-

acteristics anc mechanical in-

jury. 50 mmf. 5,000 vol.. 

IONIZATION GAUGE 

A very sensitive instrument for 
determining degree of vacuum 
in a system. Convenient, stable, 
trouble free. Indispensable for 

tpube rod m suction of quality vacuu 

,Sfecitertilei in 
andt/ff,tente dui 

VACUUM PRODUCTS 

FP. 

FOR ELECTRONIC APPLICATIONS 

• 'PRODUCT OF 

tam, 
CrapNits 

teat. 

EXPERIENCED heads, which am g other 

things, pioneered the graphite anode and 

carburizing thoriated filament, have joined in 

this young and virile company to develop and 

manufacture the finest in VOCJUM products 

for electronic applications . . . with no prej-

udices, no preconceptions, no antiquated 

equipment or methods to hinder their creative 

and productive abilities. The products shown 

are •nodern in design and construction and 

represent use of We latest knowledge in the 

electronic field. 

fr 
alli5ENERAL 
IpiELECTRONICS 

INC. 
HAZEL STREET, PATERSON. N.J. 
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Here are made the final, conclusive 
tests on quartz crystals for our fight-
ing forces. Equipment such as this 
guarantees precision in every phase 
of manufacture on every product from 
these world-famed engineers. 

CRYSTAL DIVISION 
-Crystals quickly by phone'. Service 
for volume users for smal , order. — 
for special de,eloprnents. 

AUDIOGRAPH DIVISION 
-Audiograph — The First Name ir. 
Sound". For excellence in voice and 
music recrea'ing instruments. 

MIRROR -TONE DIVISION 
Recreating phonographs of higa 
quality for home entertainment. 

WEBER DIVISION 
Quality testing instruments covering 
the electronics field. 

1111111111111 MIL 

MININION111 

"made by MECK" means 
PRECISION 
Preparing now for the era of de-
velopment before us, John Meck 

Industries are among the leaders 

in constructive planning. John 

Meck products are now — and 

always will be—characterized by 

high quality and rigid precision. 

From these laboratories will 

come improved instruments and 

equipment in the field of elec-

tronics — for industry and home. 

JOHN MEEK INDUSTRIE 
PLYMOUTH, INDIANA 

• • EXCELLENCE • • 

IN MUSIC AND VOICE 

enA.IING iesfseliNTS 

Ili 

_1  I  re5 



IE OF A SERIES OF ADVERTISEMENTS SHOWING DeJUR PRECISION PRODUCTS IN ACTION ON THE HOME FRONT 

Because of the secrecy encircling war production, little can be told of a meter's im-
portance to almost every phase of the work. Suffice it to say that over a wide range 
of industrial electronic applications ... heat treating, counting, refining, sound de-

tection, color selection, and many others about which not a word has been spoken 
or written .. . electrical measuring instruments are universally used. 

It is of interest to know . .. for present and future reference . . . that DeJur 
precision meters are built into the equipment employed by many .war plants. 

Wherever used, these meters enjoy confidence from the standpoint of sensitivity, 
durability and dependability. Peace will usher in even more new uses for meters. 
To insure absolute satisfaction, specify DeJur. 

Send your blood out to fight...donate a pint to the Red Cross today 

Il kee.\111". 

Aeorded for LutelJence In Pre 

due., ond °toad, Nateokel 

nee= MSCO  qpIIPAIRA ON 121 
SHELTON, CONNECTICUT 

NEW YORK PLANT: 
99 Hudson Street, New York City 

CANADIAN SALES OFFICE 
560 King Street West, Toronto 



WHEN 
the Smoke has Cleared 

.Away 

• Visions of the future 
are somewhat obscured today by smoke 

that ascends from battlefields. Dissipa-

tion of these clouds of war is an obliga-

tion which rests, in part, upon ah Ameri-

can industries supplying essential prod-

ucts. Astatic is proud of its place on the 

production line. 

Diversion of Astatic facilities to wartime 

demands has necessitated limited pro-

duction of Astatic Microphones, only 

certain models of which are still manu-

factured to fill orders with high priority 

ratings. 

Eventually, however, when the clouds of 

war are rolled away, Astatic products, 

incorporating newest advanced ideas, 

will again be available through leading 

Radio Parts Jobbers, to the great host of 

radio fans to whom the name "Astatic" 

has always meant performance of the 

highest type. 

THE ASIATIC CORPORATION 
Ucet.ad Under 111,..lt 

Developne, Co Palen, 
YtIlINGSTOWN, OHIO In Canada 

Canccica Asta, Li 
Onta,;n. 
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TYPE PI 

.03-150MH 
«MONTILLA 

HAVE 
YOU 
A 

SPACE 
PROBLEM 

DUMONT offers the Smallest 

Paper Capacitor for your space 

problem . . . Regardless of its 

wee size, it gives the most satis-

factory results for the big job 

as well. 

IT IS NON-INDUCTIVE SUIT-
ABLE FOR 95 Humidity opera-

tion. 

Leads are sealed in Bakelite 

Resinold. 

TYPES PI TYPES PIN 
and P2 and P2N 

Suitable for 95° Suitable for 100° 
Humidity Humidity 

CAPACITIES .0001 to .03 MFD 

VOLTAGES from 150 to 600 Volts 

DUr•elONT 
ELECTRIC CO. 

MFR'S OF 

CAPACITORS FOR EVERY REQUIREMENT 

34 HUBERT STREET NEW YORK, N. Y. 
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If you are a buyer of 

frere 

«MI 

RADIO AND 
ELECTRONIC 
COMPONENTS 

;OME OF THE MANUFACTURERS WHOSE PRODUCTS WE DISTRIBUTE 

This is Harvey's 18th year in the service ... 

buying and selling radio and electronic parts and equipment 
. . . representing and warehousing stock from America's lead-
ing manufacturers. Now, more than ever, we are in a strong 
position to help speed your production. We can supply the 

equipment you need in practically any quantity .... if we 
haven't what you want in stock, we know where to get it for 

you quickly. Our experienced technical staff will gladly con-

sult with you on any of your problems . . . and our trained 

expediters assure you the fastest possible delivery. Moreover, 

all of our merchandise is backed by an ironclad guarantee of 
satisfaction. It pays nowadays to see Harvey first. 

bbott Instrument, Inc. 
irovox Corporation 
merican Phenolic Corp. 
mancan Radio Hardware Co. 
mancan Televn. 6 Radio Co. 
mperite Company 
mperex Electronic Products 
Bianco Manufacturing Co. 
static Microphone Laboratory 
fias Sound Corp. 
udak Company 
odio Devices Co. 
arker & Williamson 
olden Mfg. Co. 
trnbach Radio Co. 
[Bey Electric Co. 
sgen Company. David 
rush Development Co. 

Radio Company 
ardwell Mfg. Co. 
entralab 
ornell-Dubilier 
orning Glass Works 
aven Attenuators 
ial Plates 
rake Electric Works 
umont Laboratories, Inc.. Allen B. 
astern Mike-Stand Co. 

Eby Co., Hugh H. 
Eitel McCullough (Eimac) 
Electronic Laboratories 
Emco Radio Products 
General Industries Co. 
Gordon Specialties Co. 
Hallicrafters, Inc. 
Hcrmmarlund Mfg. Co. 
Hytron Corporation 
Heintz-Kaufman (Gammatron) 
Insuline Corp. (ICA) 
International RetBstcrnce Co. (IRC) 
Janette Mfg. Co. 
Jensen Radio Mfg. Co. 
Johnson Co.. E. F. 
Jones, Howard B. 
Kenyon Transformer Co. 
Kraeuter & Co., Inc. 
Lenz Electric Mfg. Co. 
Littelfuse Laboratories 
McElroy. T. R. 
Meissrter Mfg. Co. 
Millen Mfg. Co. 
Miller Co., J. W. 
Mueller Electric Co. 
National Company 
National Union Radio Corporation 
Ohmite Mfg. Co. 

HARVEY 

Par-Metal Products Corp. 
Philco 
Pioneer Genemotor Corp. 
Precision Apparatus Co. 
Presto Recording Corp. 
Radio Mfg. Engineers (RME) 
Raytheon Production Corp. 
RCA Manufacturing Co. 
Sangamo Electric Co. 
Shure Brothers 
Signal Electric Mfg. Co. 
Simpson Electric Mfg. Co. 
Standard Electr. Products Co. (Staco) 
Standard Transformer Corp. (Stancor) 
Stromberg-Carleon 
Struthers Dunn, Inc. (Dunce) 
Supreme Instruments Corp. 
Taylor Tubes, Inc. 
Thordarson Electric Mfg. Co. 
Trimrn Headphones 
Triplett Electr. Instr. Co. 
Turner Company 
United Transformer Co. (UTC) 
University Laboratories 
Utah Radio Products Co. 
Ward-Leonard Electric Co. 
Weston Electr, Instr. Co. 
Worner Products Co. '125 
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For Dependability 
Efficiency and 
Performance! 

SANDWICH, ILLINOIS PHONE 65 

NIGHTS 

CRYSTALS 
EXCLUSIVELY! 

The men of The James Knights Company 

are pioneers in the Radio Communica-

tions field —they have been designing 

and making Crystals since 1932. Today, 

all of the skill, experience and output 

of the James Knights staff is concen-

trated on Crystals exclusively — preci-

sion Crystals of all frequencies and all 

tolerances between 15 KC. and 10 MC.— 
Crystals for every conceivable purpose. 

And too, there will be J K Crystals for 

the Amateur when he is again back 

on the air. 

If you have an important Crystal prob-

lem The James Knights Company can 

solve it for you. Why not send us your 

specifications today? 

PRECISION CUTTERS OF QUARTZ 
for 

COMMUNICATIONS & OPTICAL USES 

MES KNIGHTS ea. 
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955 Type Socket 

Standard 4 Prong and 5 

Prong With CSK Rivets 

5 Prong Ju-rilo 

or 803 Socket 

There is no insulating material more 

advanced than MYKROY . . the perfect 

glass-bound mica product. 

MYKROY will not pass or dissipate 

high frequencies, owing to its low loss 

characteristics. It is not organic, and 

will not carbonize under arc and create 

an electrical path. 

MYKROY is non-porous . . . non-ab-

sorbent and non-adsorbent. It has ex-

ceptionally high surface resistivity and 

can withstand temperatures up to 

1000 F. Mechanically it has strength 

comparable with cast iron . . . will not 

warp or change form. It can be ma-

chined to exceedingly close tolerances. 

MYKROY is available in any quanti-

ties. Supplied in rods and sheets . . . 

or processed to your specifications in 

our plant. Let our engineers help solve 

your high frequency insulating prob-

lems with MYKROY. 

Ask Your Dealer Or 
Write for book of 

complete engineering facts 

INC' 

70 Clifton Blvd., Clifton, N. J. 

Chicago (47), 1917 No. Springfield Ave. 

Tel. Albany 4310 

Export Office 85 Broad St., N. Y. C. 

Bushings Washers 

gee 

Stand-Off Insulators 

Connector 

Plugs 

tab 

8 Prong Loctol 
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POLYSTYRENE coil forms • parts • sheet • rods• 
tapes for all electrical and radio requirements. 

American Phenolic Corporation spe-
cializes in the design and construction of 
plastic parts and products for electrical and 
communications equipment of all types. 

The Amphenol Trademark assures a 
quality product—engineered to give 
greatest satisfactory service. 

Ask your dealer or write for information. 

AMERICAN PHENOLIC CORPORATION 

CHICAGO 

IN CANADA — AMPHENOL LIMITED 

TORONTO 
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SliAP4Cliu Sensitive Relay 
for Use on Slowly-Varying Coil Currents 

WRITE FOR CATALOG and 
RELAY-T1MER DATA BOOK 

Other Struthers-Duln Relay types 
described include, 30 ampere . 
Sensitive • Instrument-Controlled • 
Low-Voltage. Heavy-Current D.C. 
Mechanical Latch-in, Electrical Re-
set ("memory" Relays) • Mercury 
Contact•Telephone Auxiliary•Lomp 
Controlling . Polarized • Oyezload . 
Timing • Sequence. Ratchet Type . 
Motor-Reversing, etc. 

This new Struthers-Dunn Relay is ideally suited for a wide variety 
of electronic circuit applications calling for snap-action contacts 
combined with a high degree of sensitivity. Contact pressure 
remains constant despite slow variations in the coil current. Then, 
when this current reaches a certain point, the contact operates with 
a positive snap action. 

The relay operates on as little as 10 milliwatts in its coil circuit, and 
is recommended for dozens of highly sensitive vacuum tube appli-
cations, and in detecting overloads at low current levels. Its greatest 
field of use lies in applications where current varies between 
various limits, rather than from 0 to rated value. 

Details gladly supplied to electronic equipment manufacturers. 
Ask regarding Relay 79XAX. 

STRUTHERS-DUNN 
1321 'ARCH STREET PHILADELPHIA, PA 

puma ENSIM1010 »pas, A-L.N1A • BALTIMORE • ROSTON . BUFFALO • CHICAGO • CINCINNATI • , 

INDIANAPOLIS . _GS ANGEM • MINNEAPOUS • MONTREAL • HEW YORK • PIT TSILEIG1 • ST. LOUIS • SAN FRANCISCO • SEATTLE • SYRACUSE • TORONTO • WASHINGTON 
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fit emetic 0•Pe da  

DUMMY ANTENNA 

RESISTORS 
To check R. F. power, deter-
mine transmission line losses, 
check line to antenna imped-
ance match. Helps tune up to 
peak efficiency. Non-inductive, 
non-capacitive, constant in re-
sistance. 100 and 250 watt sizes 
in various resistances. 

PARASITIC 

SUPPRESSOR 
Small, light, compact non-in-
ductive resistor and choke, de-
signed to prevent u.h.f. para-
sitic oscillations which occur 
in the plate and grid leads of 
push-pull and parallel tube cir-
cuits. Only 1%" long overall 
and .54" in diameter. 

R. F. PLATE CHOKES 

Single-layer wound on low 
power factor steatite cores, 
with moisture-proof coating. 
Built to carry 1000 M.A. 5 
stock sizes from 2% meters to 
160 meters. 2% and 5 meter 
chokes mount by wire leads. 
Larger sizes mount on brackets. 

R. F. POWER LINE 

CHOKES 
Keep R.F. currents 
from going out 
over the power line 

and causing interference with 
radio receivers. Also used at 
receivers to stop incoming.R.F. 
interference. 3 stock sizes. 
rated at 5, 10 and 20 amperes. 

RHEOSTATS* RESISTORS* 

,e) 

.A• 

(é1) 

BROWN DEVIL 

RESISTORS 
Small;extra sturdy, wire wound 
vitreous enameled resistors for 
voltage dropping, bias units, 
bleeders, etc. Proved right in 
vital installations the world 
over. 10 and 20 watt sizes in 
resistances up to 100,000 
ohms. 

CENTER-TAPPED 

RESISTORS 
For use across tube filaments 
to provide an electrical center 
for the grid and plate returns. 
Center tap accurate to plus or 
minus 1%. Wirewatt (1 watt) 
and Brown Devil (10 watt) 
units, in resistances from 10 to 
200 ohms. 

ADJUSTABLE 

DIVIDOHMS 
You can quickly adjust 
these handy Dividohms 
to the exact resistance 
you want, or put on one 

or more taps wherever needed. 
7 sizes from 10 to 200 watts. 
Many resistance values up to 
100,000 ohms. 

FIXED RESISTORS 
Resistance wire is 
wound over a porce-
lain core, permanent-
ly locked in place, in-

sulated and protected by Ohm-
ite vitreous enamel. Available 
in 25, 50, 100, 160 and 200 
watt stock sizes, in resistances 
from 1 to 250,000 ohms. 

HMITE 
CHOKES * TAP SWITCHES 

30 Ohmite Vitreous Enamel is unexcelled as a protecti,re and bonding covering for resistors and rheostats. 



O1111 MOTE Rheostats*Resistors*Chokes*Switches 

CLOSE-CONTROL 
RHEOSTATS 

Insure permanently 
smooth, close control of 
electronic devices, com-
munications and electri. 
cal equipment. Widely 
used in industry and in 
planes, tanks, ships. All 

ceramic, vitreous enameled. 
25, 50, 75, 100, 150, 225, 300, 
500, 750 and 1000 watt sizes. 
Approved Army & Navy types. 

Many of you now 
engaged in vital war 
industries or in 
active service have 

long been familiar with the rugged depend-
ability of Ohmite Products. Their wide use in 
planes, tanks and ships, in walkie-talkies and 
field units, in communications, electronic and 
electrical equipment, gives you added assur-
ance in dealing with today's resistance-control 
problems. This is well worth remembering 
when you build original equipment or make 
vital replacements — today and tomorrow. 

Besides the units shown here, there are Ohmite 
Non-Inductive Vitreous Enameled Resistors, 
Riteohm Precision Resistors, Hermetically-
Glass-Sealed Resistors, Direction-Indicator 
Rheostats, Attenuators, and many others. 

HIGH-VOLTAGE 

SWITCH 

For general use where high 
ID voltage insulation is required. 

Suitable for circuits up to I 
K.W. rating. Used for band 
changing, meter switching, 
tapped transformer circuits. 
etc. Ceramic construction. 

HANDY 

OHMITE 

OHM'S 

LAW 

CALCULATOR 

Very useful in training schools, in labora-
tories and in industry. Figures ohms, watts, 
volts, amperes — quickly, easily. Solves 
any Ohm's Law problem with one setting 
of the slide. All values are direct reading. 
No slide rule knowledge is necessary. 
Scales on two sides cover the range of 
currents, resistances, wattages and volt-
ages commonly used in radio and elec-
tronic applications. Size only 4%" x 9". 
Send only 100 in coin to cover handling cost. 

AUTHORIZED DISTRIBUTORS EVERYWHERE 

HIGH-CURRENT 

TAP SWITCHES 

Compact, all ceramic, multi-
point rotary selectors for A.C. 
use. Silver to silver contacts. 
Rated at 10, 15, 25, 50 and 
100 amperes with any num-
ber of taps up to 11, 12, 12, 
12, and 8 respectively. Single 
or tandem assemblies. 

LC-2 LINK CONTROL 

Simplified, compact, conven-
ient panel regulation of the 
transfer of R.F. energy thru the 
link or low impedance line 
used in many transmitters. 
Eliminates swinging coupling 
coils. All ceramic vitreous 
enameled construction. 

SEND FOR FREE CATALOG 18 — Gives helpful tnation 
and data on Ohmite stock units for essential applications — 
lists hundreds of stock values. Very handy for quick reference. 

OHMITE MANUFACTURING COMPANY 

4822 Flournoy Street, Chicago, U.S.A. Cable 'Ohmiteco" 
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CRYSTALS 
bq 

Complete automatic production plus electronic 
measuring and testing in temperature ranges 
from —30° to 130° F. make DX Xtals perfect, 
modern, tele-communication instruments. Ample 
production of these "battle-tested" types allow 
for civilian delivery of many cuts and frequen-
cies — priorities, of course. 

DX CRYSTAL CC. 'the heart of a good transmitte 

GENERAL OFFICES: 1841 W. CARROLL AVE., CHICAGO, ILL., U.S.A. 
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WALTER H. CANDLER 

Originator of the famous Candler 
System and founder of the Cand-
ler System Company. 

T. R. McELROY 

Official Champion Radio Operator, 
Speed 75.2 wpm.. won at Asheville 
Code Tournament July 2, 1939. 
says: "My skill and speed are the 
result of the exclusive, scientific 
training Walter Candler gave me. 
Practice is necessary, but without 
proper training to develop Concen-
tration, Co-ordination and a keen 
Perceptive Sense, practice is of 
little value. One likely will practice 
the wron g maN " 

SEND TODAY FOR THIS 

FREE Book of Facts L 
It gives you the story of CANDLER 
CODE CHAMPIONS, and many 
inside tips that will help you. It is 
FREE. A post-card will bring it to 
you. No obligation. 

IIIt 1io 
p era tors 

ARE URGENTLY NEEDED IN 
PRACTICALLY EVERY BRANCH OF 

THE SERVICES . . . . 

ARMY—NAVY—AIR CORPS—COAST 

GUARD—MERCHANT MARINE—AIRWAYS 
COMMERCIAL COMMUNICATIONS 

YOU can LEARN RADIO CODE and prepare for an interesting 
career or improve your present speed and proficiency with the 
CANDLER SYSTEM which trains you to meet all code speed 
requirements for these services, also Amateur and Commercial 
License. 

YOU CAN LEARN CODE RIGHT, from the beginning, as you 
will be using it as an operator, with the CANDLER SYSTEM 
TRAINING in half the usual time. 

YOU CAN SPEED UP YOUR CODE and obtain your LICENSE 
or qualify for HIGHER RATING and a GOOD JOB by taking 
CANDLER TRAINING in your home or present location. 

The excellence of CANDLER SYSTEM TRAINING has accounted 
for the SUCCESS of many thousands of present day HIGH 
SPEED — HIGH RATED — HIGH PAID OPERATORS. It is sur-
prisingly easy and inexpensive. Numerous Amateurs and Mem-
bers of the A.R.R.L. and R.S.G.B. are CANDLER TRAINED. 

It takes more than memorizing the code and merely sending 
and receiving to become a skilled radio operator. Ask any good 
operator. He will tell you CANDLER teaches you quickly, thor-
oughly, the technique of fast, accurate telegraphing, and trains 
you to meet all requirements. 

LEARN WHEREVER YOU ARE to send and Receive Code at 
HIGH SPEED. 

Let CANDLER give you SPEED— ACCURACY — TELE-
GRAPHING TECHNIQUE, and eliminate all worry and code 
problems. 

*  COURSES FOR BEGINNERS and OPERATORS 

THE SCIENTI1FIC 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 increase 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 Code or Improving Speed and Accuracy are Mental Proc-
esses that require Special Training, which vast experience in develop-
ing high-speed operators enables CANDLER to give you simply, 
thoroughly, interestingly. Practice without understanding these 
laws and fundamentals governing speed and skill is always hard, 
and wastes much valuable time. CANDLER shows you the EASY, 
BETTER WAY to SPEED. SKILL and CODE PROFICIENCY. quickly. 

CANDLER SYSTEM 
BOX 928 — DEPT. 10-A, DENVER 1, COLORADO 

and- CANDLER SYSTEM COMPANY, 121 KINGSWAY, LONDON, W. C. 2, ENGLAND 
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LONG Lift ASSURED 
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The Great Wall of China-2550 
miles long—built about 3000 B.C. 

Throughout every step of manufacture long life is built into Tobe 
Capacitors. And before manufacture begins, Tobe engineers have 
shown great ingenuity in pioneering new and advanced designs. The 
original capacitor 

SPECIFICATIONS 
TORE 0M-601 CAPACITORS 

ITPE UM 

RATINGS .05 to 2.0 mfd. 600 V.D.0 
. o s mfd. to 1.0 mfd. 1,000 V.D.C. 

STANDARD CAPACITY TIMM« .. 10% 

TEST VOLTACE ...Twice D.C. rating 

GROUND TEST ... 2,500 Volts, D. C 

OPERATING TEMPELITIRE 55*F to 185* E 

SKINT RESISTANCE 
.05 to OA mfd. 20,000 megohms. 
.25 to 0.5 mfd. 12,000 megohms. 
1.0 to 2.0 mfd. 12,000 megohms. 

POWER FACTOR 
At 1,000 cycles—.002 to .005 

CONTAINER SIZE 
,LIth %", length IsAso, ht. 20/4 

801101E HOLE CENTERS 11/2" 

(Tobe 0M-601) with hold-down bracket is shown 
below. It has many outstanding advantages 
over certain other types and shapes of capaci-
tors. This new capacitor is strong, compact and 
space-saving and the new hold-down bracket 
permits the use of either inverted or upright 
terminals, with wiring underneath or on top 
of chassis. 
Write us about your capacitor problems. 

They will have the best efforts of Tobe engineers. ,„iscHm4,v, 
fole 
04, 

• MAS S Pee  

sma //part in victory today 

A BIG PART IN 

INDUSTRY TOMORROW 

• 



o DER ¡Rum INEWIIIRH 
FOR QUICK SERVICE ON 

Fin 1010 r] ern s 
DON'T let slow deliveries of radio and electronic components delay 
production schedules in your plant. SEND US AN ORDER for ALL the things 
you need right now... and we will ship AT ONCE every possible item we 
have in stock, advising probable delivery date on the balance. We supply 
transformers, filters, wire, resistors, rheostats, rectifiers, panels, sockets, tubes and thousands of other ports DIRECT FROM STOCK to America's war 

industries, schools, laboratories, etc. 

ATTENTION! INDUSTRIALS, SCHOOLS, COLLEGES 
OIL FILLED . . . OIL IMPREGNATED 

FILTER CONDENSERS 
Our regular Filter Condensers, 
made by a famous manufac-
turer, and fully guaranteed at 
rated Voltages. Thousands have 
been so/d. Ideal for your own 
equipment, for laboratory and 
experimental purposes. 

+ NO PRIORITY REQUIRED 
Mfd. Only L 265 

NEW IMPROVED TYPE 
Oil Filled —Oil Impregnated 

FILTER CONDENSERS 
Out finest quality condenser, 9 mfe. 
Comp/et with porcelain insuia-

tors and mounting brackets. 2000 ,. DC. 
Gray enamel fini>hed mea, 
case, size I i" x PA" x 41/4" Volts DC. 

Size • Price high Not illustrated.  

2 2000 4% x 3% x 1% 
1000 5 x 3% x 1V2 5 .59 

1.50 NO PRIORITY REQUIRED 
4 3000 S x 3% x 3% 3.75 Only L 265 

ORDER TODAY DIRECT FROM THIS ADVERTISEMENT 

Sorry . . • No Catalogs for the Duration 

When ordering supplies (except Filter Condensers) be sure to state 
priority, end use, precedence rating, and CMP allotment number. 

!EI M N .tectu.e 
323 W. MADISON ST. CHICAGO, ILL. 
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Jewel ry ? in a war, yee • • • 

These are Sickles products — coils and condensers — 

as precise and clean-cut as a Swiss watch, as handsome as Florentine silver, 

and as scarce, for non-military purposes, as rubies . . . though our production is up 

in several departments some 400% over that of pre-war days. They're jewels as performers, too ... 

as you might well judge by our recently-won Army-Navy "E." 

Superior Sickles specialties of this same high quality will be available 

for general use as soon as Victory is won. Meanwhile, please bear us in mind. 

The F. W. Sickles Company, Chicopee, Massachusetts. 

alio and eec ronic .5?ecialties 
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Serving the Air Routes of the World 

... TODAY and TOMORROW 

On established passenger and cargo airlines, 

as well as on military missions, dependable 

communications are vital. Wilcox Aircraft 

Radio, Communication Receivers, Transmit-

ting and Airline Radio Equipment have served 

leading airlines for many years ... and while, 

today, Wilcox facilities are geared to military 

needs, the requirements of the commercial air-

lines likewise are being handled. Look toW ilcox 

for leadership in dependable communications! 

WILCOX ELECTRIC 
COMPANY 
Manufacturers of 

Radio Equipment 

14th & Chestnut Kansas City, Mo. 

_J 
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Plate dissipation (max.)  

HY75 $3.95 
HY 75** 

Filament potential  *6.3 volts 
Filament current  2.6 amps. 
Plate potential (max.)  450 volts 
Plate current (max.)  80 ma. 

15 watts 
Nominal Class C output  20 watts 

Hrna 

HY75 

Soldiers, sailors, marines, coast guards-

men, and airmen unite in a vast amphibi-

ous operation—the whole linked and co-

ordinated by forMer radio amateurs and 

potential "hams" operating intricate radio 

and electronic equipment. 

In that action, every Hytron tube is on 

its mettle. Failures are out! Each tube 

must meet the full shock of mechanized 

war, and still maintain the vital elec-

tronic nerve system which spells team-
work and victory. 

Quality-conscious Hytron engineers 

HY11413 $2.25 HY615 $2.25 
.HY11411** HY615** 

Filament potential  *1.4y  6.3 v. 
Filament current  0.155 a... 0.175 a. 
Plate potential (max.)  180 y  300 v. 
Plate current (max.)  12 ma.... 20 ma. 
Plate dissipation (max.)  1.8 w.... 3.5 w. 
Nominal Class C output  1.4 w.... 3.8 w. 

HY31Z 

HYd15 

HY3OZ $2.75 HY31Z $3.50 
HY3OZI HY3121 

Filament potential  *6.3 y  *6.3 v. 
Filament current  2.25 a  2.5 a. 
Plate potential (max.)... 850 v  500 v. 
Plate current (max.)  90 ma... 150 ma. 
Plate dissipation (max.)  30 w  30 w. 
Nominal Class C output.. 58 w  56 w., 
Nominal Class 8 audio 
Output  110 w  51 w,, 

have met the challenge. Close observ-

ance, throughout manufacture, of the tight 
tolerances of rigid Hytron electrical and 

mechanical specifications insures produc-

tion of only the best. 

The peacetime stamp of amateur ap-

proval has carried over into war. Ask the 

fighting men who use these dependable 

Hytron war tubes. For war equipment, 

WERS units, and that post-war deluxe 
station you are planning, Hytron tubes 

should be your choice too. They're good, 

because they've got to be good. 



HY40 

HY40 $3.75 HY4OZ $3.75 
HY40# HY4OZ# 

7.5 y  7.5 v. 
2.25 a  2.5 a. 

Amp. factor 25   80 
Plate dissipation (max.).... 40 w.... 40 w. 
Plate  1000 max. v. & 125 max. ma. 
Nominal Class C output  94 w. 
Nominal Class B output (2 tubes) ... 185 w. 

Filament potential  
Filament current  

HY51A HY51B HY51Z $4.75 
HY51A,Z# HY5113# 

Filament Potential  7.5 v.... 10 v. 
Filament current  3.5 a. 2.25 a. 
Amp. factor  25-85  25 
Plate dissipation (max.)... 65 w  65 w. 
Plate  1000 max. v. & 175 max. ma. 
Nominal Class C output  131 w. 
Nominal Class B output (2 tubes) 285 w. 

7 

HY67 

HY63 $2.50 

Filament potential  
Filament current 
Plate potential (max)  

Plate current (max) '   
Plate dissipation (Max) 
Nominal Class C output  

HY65 $3.00 

Filament potential  
Filament current 
Plate potential (max.)  
Plate current (max.) 

Plate dissipation (max. outpuNominal tClass C output  

HY65tt 
*6.0   

  0.85 a. 
450 v 
75 ma  
15 w  

.... 20 w  

HY51Z 

HY24 $1.50 801A 801 $2.50 
HY24# 801 A # 

Filament potential  *2.0 y  7.5 v. 
Filament current.   0.13 a.... 1.25 a. 
Plate potential (max.).... 180 v.... 600 v. 
Plate current (max.)  20 ma... 70 ma. 
Plate dissipation (max.)  2.0 w  20 w. 
Nominal Class C output.. 2.7 w  25 w. 

*1.25 or 2.5 v  
  0.22 or 0.11 a  

200 y  
20 ma  
3w  
3w  

HY67 $7.75 
HY63 ft HY67tt 

*6.3 or 12.6 v. 
4 or 2 a. 
1250 v. 
175 ma. 
65 w. 
152 w. 

HY69 $3.95 
HY69tt 
*6.0 v. 
1.6 a. 

  600 v. 
100 ma. 
27 w. 
35 w. 

HY69 

HY60 $2.75 HY61 807 $2.25 
HY6Ott HY61/807tt 

Filament potential  6.3 y  . 6.3 v. 
Filament current  0.5 a  0.9 a. 
Plate potential (max.).... 425 y  600 v. 
Plate current (max.)  60 ma... )00 ma. 
Plate dissipation (max.)  15 w  25 w. 
Nominal Class C output... 16 w  40 w. 

HY866 Jr. $1.05 

866A 866 $1.50 
HY65 

HY1166 Jr.f# 866A/866## 
Filament potential  2.5 y  2.5 v. 
Filament current  2.5 a  5.0 o. 
Peak inverse potential 5000 v..... 10000 v. 
Peak plate current..... 500 ma... 1000 ma. 
Max. D.C. output pot. 1575 v  3165 v. 
Max. D.C. Cur. (2 tubes) 250 ma  500 ma. 

OTHER POPULAR HYTRON TUBESt 

TYPe 
2C25 
2C45 
by 
837 
841 
864 
954 
955 
1616 
1625 
1626 
E1148 
VR105-30 
VR150-30 

Description 
15-watt medium-mu triode 
7.5-watt triode (modulator)  
15-watt general-purpose triode* 
12-watt ri. pentode  
15-watt high-mu triode*  
Non-microphonic voltage-amp. triode.... 
Sharp cut-off acorn pentode  
Acorn triode  
Half-wave high-vacuum rectifier*  
25-watt ri. tetrode (12-v. heater)  
5-watt triade oscillator  
3.5-watt u-h-f triade  
Gaseous voltage regulator (0C3).  
Gaseous voltage regulator (OD»  

Price 
  $3.00 

2.50 
1.50 
2.80 
2.25 
1.00 
4.50 
2.75 
5.75 
2 25 
1.60 
2.25 
1.00 
1.00 

... 
s.... 

t This is not a complete list. 
*Instant-heating filament. 
# Triode 

** U. H. F. Triode 
ft Beam Tetrode 
## Rectifier 
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Constant - impeclanc• 
output attenuators for 
control of individual 
loud-speakers. 

reenohms — ey-
e-rugged pow. 
resistors-4 to 

10 watts, fixed 
adjustable. 

Plug-,n tube type resist-
ors and ballasts. 

\ 

Let C 

your 

RESISTANCE PROBLEM 

Wire-wound rheostats 4, aricl potentiometers in 
widest range of resist-
ances, tapers, taps, etc. 

Above. Composition-element control. 
Below: Wire-wound power rheostat. 

* Another year rolls around—and the main problem remains the 
winning of the war—quickly, efficiently, economically. For that 
reason Clarostat continues to be pledged 100% to meet the needs 
of our fighting men. You can count on Clarostat, to the very limit, 
in your war effort. * And after the war, with the return to peace-
time radio and electronic activities, Clarostat's greatly expanded 
facilities will serve you even better than ever before. * Mean-

while, bear in mind Clarostat for ... 

Resistors . • • 
All types, both standard and special. 
Metal-clad strip resistozs. Bakelite-
molded strip resistors. Voltage di-
viders. Flexible resistors including 
Glasohms or glass-insulated power re-
sistors and l0w-w attage heating ele-
ments.Greenohms- the tougher green' 
colored cement-coated power resistors 
found in quality assemblies. 

N '\ A 

1:Mtleirti 

Controls.. • 
Composition element Clarostat con-
trols with the stabilized element, es-
tablishing new standards for 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 

CLAROSTAT MFG CO , Inc 285 7 N 6th St, Brooklyn N Y 

things in their class. Also padders, 
faders, mixers and other controls. Also 
output attenuators, constant-im-
pedance, for 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. 

re" 

Ask Our Jobber... 

It your resistance or control requirements 
are conventional, ask your jobber tor stand-
ard Claroslat units. Otherwise, write uS 

direct. 



THERMADOR'S THERMATITE TREATED' 

Solves Heat 

Humidity 

Cold 

Os' 
•-e4, 

it) 

Problems in 

Radio Transformers 

Thermador Transformers are 

Thermatite treated to withstand 

extreme temperatures and humidity—arid or moist 

heat—dry or damp cold do not hamper their effi-

ciency. Thermatite is the name of a process of 

accurate heat controlled vacuum impregnation de-
veloped and improved over a period of ten years. 

Thermador also manufactures built-in Electric 

Heaters, Electric Ranges, Electric Water Heaters 

o 
THERMADOR TRANSFORMERS * 

THERMADOR ELECTRICAL MFG. CO. eler 
5119 South Riverside Drive • Los Angeles 22, California 

Se- ea« leafied 41teaWl/ 
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Constant research, experience, vigilant production and continuous testing are built into the precision 
construction of every Cinaudagraph Speaker. That's why you get top performance, stamina to spare 

and maximum fidelity from Cinaudagraph Speaker •installations. 

Take the "Mallard" — a typical Cinaudagraph Speaker achievement. This masterpiece of craftsmanship 

and engineering is impervious to moisture and rugged — recommended for most marine and out-of-door 

installations. 

But no matter what size or type of Cinaudagraph Speaker you choose — for War or Peace — you can 
be sure that only the finest materials and highest inspection standards go into each unit. Add up all 
of these factors and they tell you why Cinaudagraph Speakers are internationally famous for doing a 

better job. 

Watch Cinaudagraph Speakers after Victory! 

Send for tree catalog, mentioning your regular dealer's name. 

inaudagraph Speakers, Inc. 
3911 S. Michigan Ave., Chicago 

eler2 cî-ietee2 eteedeh e/tlezde in «1é4 9/17494451 qs 
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Specimen cut showing 
BROADCASTING PRINCIPLES—one 

of 400 DIAGRAMS, CHARTS & PHOTOS (13) 

THE KEY TO PRACTICAL 
RADIO INFORMATION 

Including Frequency Modulation—Television, etc. 

Inside Information for Aviation, Marine, Commercial Operators 
and Technicians, Servicemen and Students 

772 PAGES, 400 DIAGRAMS, CHARTS & PHOTOS 

This well organized reading course in Radio is especially suitable for 
home study and as a ready reference guide to help you learn the inside facts about 
radio. The amount of mathematics required for a successful study of this book is 
fully covered as the various chapters include numerous practical radio problems, 
carefully worked out, step by step, to their final solution. The contents are PRO-
GRESSIVELY ARRANGED AND CAREFULLY INDEXED. 

LATE DATA—EASY TO READ AND UNDERSTAND 
Gives Authentic Principles and Practices in Construction, Operation, Service & 
Repairs. Covers clearly and concisely Radio fundamentals—Ohm's Law—Physics of 
sound as related to radio science—Measuring instruments—Power supply—Resistors 
—Inductors—Condensers—Transformers and examples—Broadcasting stations— 

Radio Telephony—Receivers—Diagrams—Construction—Control systems—Loudspeak-
ers—Antennas—Auto Radio—Phonograph pickups—Public Address Systems—Aircraft & 

Marine Radio—Radio Compass—Beacons—Automatic Radio Alarms—Short Wave—Coil 
Calculations—Testing —Cathode ray oscillographs—Statio Elimination—Trouble Pointers—Un-
derwriter's standards—Units & tables. REVIEW QUESTIONS—Ready Reference Index. 

HIGHLY ENDORSED—ASK TO SEE IT ON 7 DAYS' FREE TRIAL 
 -MAIL COUPON TODAY••  

THEO. AUDEL & CO., Publishers, 49 West 23rd St., New York 
Mail AUDELS NEW RADIOMAN'S GUIDE for free examination. If O.K. I will send you $1 
in 7 days; then remit $1 monthly until $4 is paid. Otherwise I will return it. 

Name 

Address  

Occupation  

Reference 
QST 

"I ( 
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M ECHANISM. 

INSTRUMENT 

‘S P E C s" 
efinimum case depth. 
'ull standard size rigid mechanism . 
to projecting base. 
Vider shroud strengthens face: focuses 
ttention on scale. 
implified zero adjustment. 
tpphire or equivalent jewels. All corn-
nent parts finely made and of superior 
lathy. 
danced Bridge Support. 
eta! Bridges at both ends. 
parate Scale Mounting. 
nibly Supported Core. 

Also available in metal case 

E: When space is at a premium and for all 
llations where space is efficiently used, Triplett 
t-Line Instruments set a new standard of pre-
n performance in "condensed" space. For fel 
is write for Triplett Thin-Line Bulletin to The 
len Elearical Instrument Co., Bluffton, Ohio. 
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AMPEREX TRANSMITTING TUBES 

TYPE 
NO. 

207 
220C 
2 2 8A 
2 3 2C 
342A 
3 4 3A 
3 2 0 B 
846 
148 
858 
859 
863 
889 
891 
892 
1652 

KF3OK 

RLAMENT 

Volts Amp 

22.0 
21.5 
21.5 
20.0 
20.0 
21.5 
22.0 
11.0 
22.0 
22.0 
11.01 
22.0 
11.0 
11.ot 
1 1.ot 
14.5 
27.0 ** 

-1 13.5" 

52.0 
41.0 
41.0 
72.0 
67.0 
57.5 
34.0 
51.0 
52.0 
52.0 
71.0 
52.0 

195.0 
60.0 
60.0 
52.0 
100.0 
200.0 .) 

20.0 
35.0 
17.0 
40.0 
40.0 
40.0 
17.0 
40.0 
8.0 

42.0 
36.0 
50.0 
21.0 
8.0 

50.0 
14.0 

36.0 

A Scientific Laboratory Geared 

for Large-Scale Production 

of Water and Air Cooled 

F'R - 461TD 411M11111 

Gm 

6500 
5000 
6500 
8000 
6820 
6750 
5000 
2800 
4200 
4500 
8000 
7000 
8000 
4200 
7000 
. . . . 

1600 

Capaci-
tance 
Grid to 
Plate 

27.0 
22.0 
23.4 
22.0 
27.0 
23.5 
27.0 
9.0 

27.0 
18.0 
15.0 
27.0 
17.5 
27.0 
32.0 
27.0 

20.0 

"PLATE 

Max. 
Volts 

15000 
15000 
6000 

20000 
18000 
15000 
10000 
7500 
12000 
20000 
20000 
15000 
7500 
15000 
10000 
7500 

20000 

Max. 
Amps. 

2.00 
1.00 
.75 

2.00 
1.40 
.70 

1.20 
1.00 
. . 

2.00 
3.50 
2.00 
2.00 
2.00 
1.00 
1.25 

5.00 

Max. 
Dissipa lion 

Watts 

10000 
10000 
3000 

20000 
25000 
10000 
5000 
1600 
7500 
20000 
20000 
7500 
5000 
5000 
6600 
5000 

30000 

'Nominal 
Output 
Watts 

C20000 
BR2500 
BR1000 
BR8500 
BR8500 
BR3500 
C5000 
C2500 
A2000 
C20000 
C35000 
B22000 
C10000 
822000 
CP6000 
C6000 

0C25000 

Max. Freq. MC. 

At Max. At 50,Y, 
Plate Max. Plal 
Input Input 

1.6 
3.0 
1.5 
1.5 
4.0 
4.0 
2 

50 
1.6 
1.6 
1.5 
1.6 
50 
1.6 
1.6 
1.5 

10 

20 
30 
20 
20 
16 
8 

150 
20 
40 
40 
20 
150 
20 
20 
10 

50 

Single or two-phase filament (two units); voltage is per unit. ** Single or two.phose filament excitation. 0 At upper frequency limit of 50 megacycles. 

TYPE 
NO. 

2201e 
2 3 2 R"I 
3 4 3 RI 
8 8 9R t 
8 9 le 
8 9 2 RI' 

RIF3000° 
7.83 2000 

FILAMkNT 

Volts Amps. 
Mu 

21.5 
20.0 
21.5 
11.0 
11.0 
11.01 
21.5 
21.5 

41.0 
72.0 
57.5 

125.0 
60.0 
60.0 
40.5 
40.5 

35.0 
40.0 
40.0 
21.0 
8.0 

50.0 
16.0 
85.0 

Gm 

Capaci-
tance 
Grid to 
Plate 

"PLATE 

Max. 
Volts 

5000 
8000 
6750 
8000 
4200 
7000 
6500 
.5000 

22.0 
22.0 
23.5 
19.0 
28.0 
32.0 
10.0 
10.0 

12500 
12500 
7500 
6000 
10000 
8500 
10000 
10000 

Max. 
Amps. 

1.00 
2.00 
1.50 
1.00 
2.00 
1.00 
1.35 
1.50 

Max. 
Dissipation 

Watts 

6000 
7500 
5000 
3000 
4500 
4000 
3000 
2000 

*Nominal 
Output 
Watts 

BR2500 
CP10000 
CP5000 
CP4000 
B10000 
CP5000 
C7500 
88000 

Max. F eq. MC. 

At Max. 
Plate 
Input 

4.0 
3.0 
4.0 
25 
1.6 
1.6 
20 
20 

At 509 
Max.Pla. 

Input 

30 
20 
30 
100 
20 
20 
50 
50 

• $75.00 credit will be allowed against purchase of new tube if radiator and crate are returned in good condition. 
t Single or two-phase filament ¡two units); voltage is per unit. 
*All glass radiation and air-cooled transmitting tubes. 
t $100.00 credit will be allowed against purchase of new tubes if radiator and crate are returned in good condition. 



A Ulaiitta622adhlidemék 
FILAMENT 

TYPE 
NO. 

AB-150 
HF- 60 
HF- 75 
I4F-100 
HF-120 
HF-125 

1 HF-130 
HF-140 
HE-150 
HF-175 
HF-200 
H F-250 
14F-300 
Z8-120 
111H 
203A 
203H 
204A 
211 
211C 
211H 
212E 
24111 
242A 
2428 
242C 
251A 
261A 
270A 
276A 
279A 
3048 
3088 
800 
801 
805 
810 
830 
830B 
833 
834 
838 
841 
842 
845 
849 
849A 
849H 
851 
832 

Volts Amps. 
Mo 

10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
i 0.5 
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 
7.5 

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 

3.25 
r2.50 
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 
3.25 
1.25 
3.25 
4.50 
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 

15.0 
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 

Get 

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 
2000 
1600 
4800 
5000 
2000 
3080 
8000 
2000 
4800 
750 
1250 
3400 
6000 
7600 
7600 
15000 
1200 

Capaci-
tance 
Grid to Man. 
Plate Volts 

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 
2.5 
6.0 
6.0 
4.8 
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 

1500 
1600 
2000 
1 500 
1250 
1 500 
1250 
1250 
1 500 
2000 
2500 
3000 
3000 
1 500 
1500 
1250 
1 500 
2500 
1250 
1250 
1500 
2000 
2000 
1250 
1250 
1250 
3000 
1250 
3000 
1250 
3000 
1250 
2250 
1250 
600 
1500 
2000 
750 
1000 
3000 
1250 
1250 
425 
425 
1250 
3000 
4000 
3500 
2500 
3000 

• PLATE Ai«. Freq. MC. 
At. Max. At. 5i1-0/0 

Max. Plate Mou. Plate 
Input Input Ma. 

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 
80 
70 
210 
250 
130 
150 
500 
100 
175 
60 

350 
500 
500 
1000 
150 

'Nominal 
Mao. Dissi- Output 
pationWatts Watts 

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 
35 
42 
125 
125 
40 
60 

300 
50 
100 
15 
12 
75 
300 
500 
500 
750 
100 

AB150 
C100 
C150 
C150 
C150 
C200 
C170 
C150 
C200 
C300 
C350 
C375 
C600 
8300 
C175 
C150 
C200 
C500 
C150 
C175 
C200 
BR75 
C400 
A20 
A20 
A20 

C1200 
C175 
C700 
C175 
BR500 
C85 
A50 
C65 
C25 
B400 
C375 
C60 
B175 

C1000 
C75 
B275 
B25 
A3 

A25 
B1225 
B1900 
C1180 
C1700 
C165 

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 
60 
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 

190 
120 
80 
100 
50 
65 
100 
350 
120 
50 

30 
30 
40 
15 

120 

tatings given are typical o the class o service in which the tube is most 
rnmonly used. 
e letter preceding each rating identifies the pa ticular class of service as 
'lows: 
-power output per tube as Class A power ampli ier and modulator 

TYPE 
NO. 

- - 
2498 
2588 
26611 
2678 
313A 
375A 
8578 
866 
866A 
8698 
872A 

Volts 

2.5 
2.5 
5.0 
5.0 
5.0 
5.0 
5.0 
2.5 
2.5 
5.0 
5.0 

Amps. 

7.50 
7.50 

42.00 
6.75 

10.00 
10.00 
40.00 
5.00 
5.00 

20.00 
6.75 

Inverse 
Volts Plate 

Amps. 

7500 0.50 
7500 0.50 

22000 7.00 
10000 1.25 
15000 1.50 
15000 1.50 
22000 10.00 
7500 0.25 
10000 0.25 
20000 2.50 
10000 1.25 

Peak APin." . *Ave. 

AB-power output per pair of tubes as Class AB power amplifier and modulator 
B -power output per tube os Class B power amplifier and modulator 
BR-power output per pair of tubes as C ass 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 

FILAMENT Peak 
Plate 
Amps. 

1.5 
15 

20.0 
5.0 
6.0 
6.0 

40.0 
1.0 
1.0 

10.0 
5.0 

TYPE 
NO. 

WATER 

FILAMENT Peak Ave. Peak 
  Inverse Emission Plate 
Volts Amps. Volts Amps. Amps. 

222A 121.5 
237A 120.0 

41.00 25000 7.0 5.5 
61.00 50000 10.0 8.0 

1/IEHATION ¿LED 
GH 

FILAMENT Peak Ave. Peak TYPE   Inverse Emission Rate NO. ,Volts Amps. Volts Amps. Amps. 

8020 I 5 6 I 40000 0.100 .750 
221A 5 10 25000 0.300 1.5 

FEt EX 
ELECTRONIC PRODUCTS 

79 Washington St. • Brooklyn 1, N. Y. 
Actual va ue wi I depend on wave-form ruining 

load and filter circuit. 
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TYPEWRITER KEYBOARD PERFORATOR AND 
TRANSMITTER OF THE WHEATSTONE TYPE 

V Vi L indsitfferenetntstyp fir 4k il 
S these eilsl be r AN .. available. » One type is a corn- AL 

Mel 

ter in one unit designed to be MM MY I4 1r 4 plete perforator and transmit- Mi 

V l 
. . used on heavy circuits now in 
I. _ ..-1 MI M manually operated. This will g g 

F11 1 AL provide high speed, accurate r A 1 
transmission with less fatigue iii. 

IBM SIM 
XIV' for both the sending and re- --../ 
iV/4 ceiving operator. It will also r , 
la Di 
WI M  m m V/%1 greatly reduce the possibilities . A 

of errors. The transmitting, of g. 1 
.. course, may be done by a typist r 4L 1 

with no knowledge of the code. .. Piq 
MW/V 
MW .. » There will be available also JIMM 

the regular commercial type k v 4 
m. mu 
11 

li a of separate perforator and . . m . transmitter. . . a 

irj...:Ii 
/MI FOLDER WITH FULL DESCRIPTION WILL r 11 1 

BE FURNISHED UPON REQUEST am IBM 

7X: 

MIM1 

  I 

Also complete line of Code Instruction instruments. MAS-

TER TELEPLEX remains the only Code instructor that 
will record your own sending so that you can see exactly how 
you make your signals and then repeat them back to you. 

WRITE FOR BOOKLET OR 

TEILEPLEX CO. 
107 Hudson Street «» Jersey City, N. J. 

148 



,4* 

• ^ 

• ••'.0 • 

d 1 " 
• 

• • • 

• ....•-•••«,,Ve;',."! 

NEGLIGIBLE HARMONIC 

• ..1.,•• 

N
0
1
.
1
.
0
1
5
1
0
 
3
1
N
O
K
W
V
1
4
 
%
 

Statement of Fact 

—Not a Boast 
iac-

y microphone manu 

tured Electra -Voice has 
Ever  \t, 

been Oesiehed alvi developed 

by 0111' to 
enginees—rnaoy :J.` 

coilahoration viith the U. S..! 

Army Signal Corps. 

110000 

Harmonic distortion is the addition of spurious frequencies to the funda-
mental in definite harmonic relationship. Though the frequency curve may be 
excellent, harmonic distortion turns up as raspy reproductions, with an 
unnatural twang in microphones, amplifiers and speakers. Five percent is 
considered a satisfactory upper limit for good reproduction, and as much as 
fifteen percent is allowable for speech communication. 

Now come new Electro-Voice Dynamic Microphones with radical innovations 
in diaphragm fabrication, reducing harmonic distortion to a lower degree 
than hitherto possible. Cleaner, crisper, more highly intelligible reproductions 
are achieved. New Electro-Voice Dynamic Microphones are aiding both the 
CAA and the Signal Corps in securing improved communications. If you are 
a manufacturer of war equipment, details will be sent upon request. 

The blarmonic Wave Analyzer measures the presence of spurious 

frequencies intrAuced by microphone distortion. To the ear, such 

frequencies give the feeling of ragged and false speech quality 

that may be unirtelligible under the stress and strain of battle. 

Electro-Voice engineers have found a way to eliminate harmonic 

distortion in microphone design, as proved by the Wave Analyzer; 

and the completely natural reproduction from the new Electro-

Voice microphones. 

ELECTRO-VOICE MANUFACTURING CO., INC. • 1239 SOUTH BEND AVENUE • SOUTH BEND, INDIANA 
Export Di4ision: 13 East 40th Street, New York 16, N. Y. — U. S. A. Cables: ARLAB 



KATOLIGHT 
110-VOLTS A.C. ANYTIME, ANYWHERE! 

with Katolight Power Plants and Generators 

23A, 500 WATTS, AC 

500-watt, self-excited generator, 110-volts, 60-
cycle AC 1800 r.p.m. Bolted directly to engine 
crankcase. 22 amperes at 6-volts DC may be 
drawn from the DC terminals when plant is not 
carrying full AC load. Brushes easily accessible for 
adjustment and inspection. Filtered and shielded 
for radio operation. Powered with a Johnson 1 h.p. 
single cylinder aircooled engine. 21" long x 16 1/2 " 
wide x 171/2 " high, weight I 35 lbs.; shipping wt. 
170 lbs. 

28A, 1300 WATTS, AC 

1500-watt, self-excited generator, 110-volts, 
60-cycle AC 1800 r.p.m. Bolted directly to engine 
crankcase. Brushes easily accessible for replace-
ment and adjustment. Filtered and shielded for 
radio operation. Good voltage regulation. Plant 
complete ready to go by adding gasoline and oil. 
Powered with a Briggs & Stratton Model ZP, single 
cylinder, aircooled engine. 

Generate the same kind of current obtained from power 
lines for operating transmitters, receivers, sound apparatus, 
radio and electronic equipment, lights, etc. For continuous 
service where no source of A.C. is available—for summer 
homes, farms, filling stations, resorts or for standby emergency 
service in case of power line failure for hospitals, radio 
stations and so forth. 

Katolight Plants and generators supply electricity right out in 
the field where power line hook-up is not available. They 
permit equipping our fighting forces with the most modern 
electrical appliances. Fighting forces need guns, planes, 
tanks, trucks, kitchens, emergency hospitals, lights, and so 
forth. To keep this equipment going, complete repair equip-
ment such as drills, grinders, saws, air compressors, grease 
guns, and electrical testing devices are needed. Katolight 
generators supply this electricity. They also supply current 
for beacons, land field controls and other uses too numerous 
to mention. 

350 through 25,000 watts 

capacities available 

Can be furnished for all standard voltages, 110, 220, or 
440 volts single phase or 115/230 or 220 440, four ring, 
single phase. Also available for straight 110, 220 or 440, 
three wire, three phase or 120/208 four wire, three phase. 
Inherent voltage regulation approximately 10% between 
no load and full load with 3% speed change. 

Also manufacturers of A.C. and D.C. generators, motor 
generators, high frequency generators, frequency changers, 
etc. 

Watts 
Capacity 

350 
500 
600 
1000 
1500 
2000 
4000 
5000 
7500 

10,000 
15,000 

5000 
7500 

10,000 
15,000 

Model 
No. 

19HAJ4 
23HAJ4 
14HAB4 
26HAB4 
28HAB4 
30HAB4 
44HAW4 
451-IA14 
47HAL4 
49HAL4 
51HAL4 

45HAL6 
47HAL6 
49HAL6 
5IHAL6 

110-VOLTS, 60-CYCLE, 1800 R.P.M. 

Code Type of 
Word Cooling 

ABODE 
ABTOL 
ALERT 
ABBOT 
AB EAR 
ABIDE 
ACTIN 
ALBION 
ALBON 
ALBUN 
ACTIV 

ALBERT 
ALBOX 
ALBUS 
ALBAT 

air 
air 
air 
air 
air 
air 
air 
water 
water 
water 
water 

Make of 
Engine 

Johnson 
Johnson 

*B & S 
*8 & S 
*B & S 
*B & S 
LeRoi 
LeRoi 
LeRoi 
LeRoi 
LeRoi 

water 
water 
water 
water 

LeRoi 
LeRoi 
LeRoi 
LeRoi 

No. Engine Cranking , 
Cyl. H.P. Volts 

4 
4 
4 
4 
4 

1200 R.P.M. 

4 
4 
4 
4 

1.4 
2.4 
4.5 
5 

13 
16 
19 
26 
38 

19 
26 
38 
38 

6 
6 

12 
12 
I 8 
I 8 
24 
32 
6 
6 
6 

6 
6 
6 
6 

Ship. 
Wt. 

125 
170 
220 
295 
340 
360 
800 
880 
1290 
1680 
1680 

1290 
1680 
1680 
1680 

List 
Price 

$102.00 
158.00 
210.00 
298.00 
365.00 
450.00 
750.00 
850.00 

1350.00 
1460.00 
1630.00 

1100.00 
1460.00 
1630.00 
1760.00 

*Briggs & Stratton 



KATOLIGHT ROTARY KONVERTERS 

•Caps- Out-
city Volt- pul '"o"`' 

InPut iAmperes A.C. 

32 110—  110 3KA43 
32 150 110 4KA43 
32 225 110 SKA43 
32 350 110 I9KA43 
32 500 110 23KA43 
32 750 110 14KA43 
32 1000 110 26KAI3 

110 
110 
110 
110 
110 
110 
110 

ZZO 
220 
220 
220 
220 
220 
220 

110 
150 
225 
350 
SOO 
750 
1000 

110 
ISO 
225 
350 
SOO 
750 
1000 

110 
110 
110 
110 
110 
110 
110 

110 
110 
110 
110 
110 
110 
110 

3KA33 
9KA33 
5KA33 
19KA33 
23K A33 
I4KA33 
26KA33 

3K 623 
4KA23 
SKA23 
19KAZ3 
23K A23 
14KA23 
26KA23 

MODEL 3KA23, 3KA33, SKA43 

225 volt-amperes continuous load capacity at 

3600 R.P.M. 40'C Temperature Rise 

Illustrations show machines with covers removed 

Specifications on machines with special voltages 

furnished on request 

Changes 32, 110 or 220-volts D.C. to standard 110-volt, 

60-cycle A.C. Permits using standard 60-cycle A.C. appliances 

where the source of current is direct current. 

Everything has been done in the design of these machines to 

minimize radio interference, reduce ripple and to provide 

best possible wave form. D.C. ripple is low because of extra 

number of commutator bars. Pole pieces shaped from scientific 

procedure eliminating trouble making harmonics. Very high 

efficiency due to low loss 26 Gauge electrical sheets. 

Furnished with and without filter. Filter not needed for opera-

tion of appliances such as electric signs, amplifiers, etc. 

Special filters furnished upon specification. Smaller sizes 

available with governor. Recommended where D.C. input 

voltage is not steady. 

Power factor of load should be specified when ordering 

converter. If unknown, describe load—whether transformers, 

electric motors or resistive. 

KATO ROTARY KONVER1 ERS, 3600 R.P.M., BALL BEARING 

Dimensions Without Filler — 
Fier R P M Code 

Word 

KIT 
KIG 
KIT 
KIN 
KIR 
KID 
KIP 

KAT 
KAG 
KAY 
KAN 
KAB 
KAD 
KAP 

KET 
KEG 
KEY 
KEN 
KEB 
KED 
KEP 

641 3600 
3600 
3600 

7-1 3600 
642 3600 
627 3600 
627 3600 

641 3600 
5-1 3600 
5-1 3600 
7-1 3600 
6.12 3600 
627 3600 
627 3600 

641 3600 
5-1 3600 
5-1 3600 
1-1 3600 
642 3600 
627 3600 
627 3600 

Length 

8 1/2" 
10 3/4" 
10 1/4" 
11 3/4" 
12 7/8" 
12 7/8" 
12 7/8" 

8 1/2" 
10 3/4" 
10 3/4" 
11 3/4" 
12 7/8" 
12 7/8" 
12 7/8" 

8 1/2" 
10 3/4" 
10 3/4" 
II 3/4" 
12 7/8" 
12 7/8" 
12 7/8" 

1800 R.P.M. BALL BEARING 

32 350 
32 500 
32 750 

110 
110 
110 

I9KA44 
23K.444 
I4KA44 

KINK 
KICE 
KITE 

Height 

7 1/16" 
7 1/16" 
7 1/16" 
7 13/16" 
7 13/16" 

10 7/8" 
10 7/8" 

7 1/16" 
7 1/16" 
7 1/16" 
7 13/16" 
7 13/16" 
10 7/8" 
10 7/8" 

7 1/16" 
7 1/16" 
7 1/16" 
7 13/16" 
7 13/16" 
10 7/8" 
10 7/8" 

Width 

6 7/8" 
6 7/8" 
6 7/8" 
7 13/16" 
7 13/16" 

11 1/2" 
11 1/2" 

6 7/8" 
6 7/8" 
6 7/8" 
7 13/16" 
7 13/16" 
11 1/2" 
II 1/2" 

6 7/8" 
6 7/8" 
6 7/8" 
7 13/16" 
7 13/16' 

11 1/2" 
II I '2" 

Net 
Wt. 

29 
52 
52 
65 
72 
105 
III 

29 
52 
52 
65 
72 
105 
III 

29 
52 
52 
65 
72 
105 
III 

Ship. 
WI. 

39 
62 
62 
75 
85 
125 
131 

39 
62 
62 
75 
85 
125 
131 

39 
62 
62 
75 
85 
123 
131 

Z32-1 1800 12 7/8" 
263-1 1800 12 3/4" 
263-1 1800 12 3/4" 

9" 9" 87 
10 1/2" 10 1/4" I 135 
10 1/2" 10 1/4" I 135 

106 
171 
171 

•W•tt when operating non inductive load 

MODEL 19KA23, 19KA33, 19KA43 

350 volt-amperes continuous load capacity at 
I 800 R.P.M. 40°C Temperature Rise 

KATO ENGINEERING COMPANY, Inc., MANKATO, MINNESOTA 
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EASTERN PLANT NO. 2 
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To beat the band of Axis bandits, three Solar facto-
ries are now operating "round the clock". The men 
and women of Eastern Plants 1 and 2 were told 
"Well Done" by the Army and Navy; they proudly 
wear the Army-Navy "E". 
The Midwestern Plant has just started production; 

. ONE PURPOSE 

the men and women of this modern air-conditioned 
factory are ready to help you speed theday of Victory. 

If your capacitor or filter problem is made ours, 
you can be certain of "Quality Above All". 

Solar Manufacturing Corporation,General Offices: 
Bayonne, New Jersey. 

CAPACITORS 
CAPACITORS and RADIO NOISE 

152 
SUPPRESSION FILTERS 

03762 



WHEREIN WE SERVE 

New and unusual calls for wartime supply have enlarged 

the scope of Allied service. As a result, Allied has been 

termed a centralized arsenal of supply for everything in radio 

\ , and electronics. Twenty years of specialized experience has 

made this possible. From the large Allied stock flows a 

constant stream of radio and electronic parts and equipment . . . ear-

marked for the war training centers, the battle fronts, the war plants, 

the laboratories and the government agencies of the United Nations. 

* Perhaps the soldier who transmits urgent battlefront messages was 

trained on equipment supplied by Allied Radio. Perhaps a vital pro-

duction line was kept going, a new development project completed 

sooner, a communications service maintained, or a needed repair part 

quickly obtained—because of some service Allied was able to render. 

* Close contact with all leading manufacturers has been a factor in 

coordinating and simplifying procurement of every type of item for radio 

communications, as well as industrial electronic applications. Precious 

time has been saved . . . deliveries have been expedited. A technical 

staff frequently assists on design and application problems. 

* This complete centralized service has provided purchasers with a con-

venient, dependable source of supply for all their needs. During, the 

emergency every effort is being made to supply available repair and 

replacement parts without priority. And, when Victory is won, Allied's 

wartime experience will make it possible to render an even broader and 

more helpful peacetime service. 

ALLIED BUYING GUIDE—Thousands find this catalog a convenient, procurement 

guide. A copy will be supplied on request. Whatever the need in radio and electronics, 

most likely Allied can supply it. 

ALLIED RADIO CORP., 833 W. Jackson Blvd., Dept. 10-44, Chicago 7, III. 

As a special war-
time service, Allied 
has prepared a series 
of technical books 
for radio training 
and for helpful ref-
erence on the job. 
They are available 
at the cost of prepa-
ration and mailing. 

HELPFUL TECHNICAL BOOKS 

Radio Builders' Handbook No. 37-750 

Dictionary of Radio Terms No. 37-751 

Radio Formulas & Data Book No. 37-752 

Radio Circuit Handbook . . No. 37-753 

Simplified Radio Servicing No. 37-755 

Above Books 10c each 

Radio Data Handbook No. 37.754-25c 

All Six Books . . . No. 37-799 — 75e 

Write for f2umwity Quotations. 
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America's Finest Key 
The Key 

Champions 

Prefer 

The "CHAMPION" 
ONLY $9.95 

Answers every need for o low-
priced semi-automatic radio 
key that's smart, efficient and 
dependable. Easy to use. Full 
size black crackle base. Bright 
plated parts. 3/1 6th contacts. 
Without circuit closer, cord and 
wedge. For rodio use only. 

Reg. Trade mark, : van-0111ex. Lightning Bug. Rug 

Semi-Automatic Radio Telegraph Key 

FAMOUS "ORIGINAL" MODEL 

This popular key has proved its ability to do a high-class 
sending job anywhere, anytime. Internationally famous for its 
smooth, rhythmic action, distance reach, superior signal and 
easy manipulation. Every necessary detail perfected for 
expert sending performance. Standard black crackle base. 
Bright machined parts. Precision construction including DIE 
CUT contact and main spring. 3/16th contacts. Com-
plete with circuit closer, cord and wedge $15.95 

De Luxe finish with Patent Jewel movement $19.30 

HANDY "BLUE RACER" MODEL 

Patterned after the "Original" 

model. Smaller, handier. A 
space saver. Surprisingly com-

pact. Sturdily constructed of 
the finest materials. Capable 

of the finest sending perform-
ance. Easy to handle. Black 
crackle base. Bright machined 
parts. Precision construction in-
cluding DIE CUT contact and main spring. 3/16th contacts. Com-
plete with circuit closer, cord and wedge  815.95 

De Luxe finish with Patent Jewel movement  $19.50 

Keeps out dirt, dust and 
moisture. Prolongs life of key. 
Handsome black morocco. 
Heavily reinforced. Flexible 
leather handle. Patent lock 

and key $3.30 
Zipper case. Flexible. Genu-

ine leather $2.30 

GENUINE EASY-WORKING 

The ..BUG" 
Trade Mark 
identifies 

the Genuine 
Vibroplex 

TO-DAY . . . more than ever before telegraphing demands 

the utmost in sending skill and endurance to withstand long 

operating periods. Day after day the world over . . . the 

VIBROPLEX SEMI-AUTOMATIC KEY is demonstrating its 

ability to develop sending skill to a remarkable degree, and 

at the same time cut sending effort in half. No wonder experi-

enced operators —over100,000 of them—use only VIBROPLEX. 

EASY-WORKING "LIGHTNING BUG" MODEL 

This is an exceptional easy-
working key that gives supe-
rior sending performance at 
a low price that need not 
keep anyone from owning a 
truly fine radio key. Striking 
new design. Many advanced 
features contributing to eas-
ier, better, longer-lasting 
sending pleasure. Standard 
black crackle base. Bright 
machine parts. Precision con-
struction including DIE CUT contact and main spring. 3 /16th contacts. 
Complete with circuit closer, cord and wedge $13.95 

De Luxe finish with Patent Jewel movemen  $17.30 

DELUXEMODELVNTH PATENTJEWELMOVEMENT 

Equipped with all the newest improvements necessary to a fine 
instrument of this type, plus the sensational and exclusive PATENT 
JEWEL MOVEMENT, providing higher quality signals and easier 
manipulahon than has ever before been attained. Bright machined 
parts. Battle Ship Gray base. Colorful red switch knob, finger 
and thumb piece. Green silk cord and wedge. If you want a key 
with 'feather-touch' action that will out-perform any key you've 
ever used—a key that will give you a lifetime of sending pleasure, 
this is the key for you. Available in three designs. "Original," 
"Lightning Bug" and "Blue Racer" models. Specify model 
when ordering. Remit by money order or registered mail. Write 
for FREE illustrated catalog of Vibroplex Semi-Automatic Keys. 

Why be a galley slave to a hand 
key? Why run the rink of ruining 

your 'fie?' VIDROPLEX cuts 
sending effort in half. 

FREE Catalog 

THE VIBROPLEX CO., Inc. 
833 Broadway New York, N. Y. 

J. E. Albright, President 
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GOULD-MOODY "BLACK SEAL" GLASS BASE 
INSTANTANEOUS RECORDING BLANKS... 

RECÓRDING AMERICA'S 

POWERFUL von 

THE GOULD-MOODY COMPANY 

Transmittt\r of America's Powerful Voice is Radio ... 

awake twe ty-four hours a day . . . talking 4., our 

and Hollywo d and the girl nex door to the boys 
friends and ur enemies . transporting Broadwày 

over there . . building morale on he home front. 

Recording Ameri a's Powerful Voice . . in leading 

broadcasting stations from coast-to-coast . . are 

Gould-Moody "Black Seal" Glass Base Instantaneo 

Recording Blanks. Made entirely of glass, "Black 

Seals" are as thin as aluminum, thereby eliminating 

the necessity of recorder adjustments. No foreign 

inserts . .. no metal grommets ... no ageing, hard-

ening or deterioration. Every disc has four holes ... 
center-flow thread action ... may be played back for 

months without appreciable loss of fidelity. Enclosure 

of your preference rating extensions with your order 

will expedite deliveries. 

SHARE YOUR BLOOD WITH A WOUNDED SOLDIER 

—donate a pint to the Red Croi 

RECORDING BLANK DIVISION 395 BROADWAY, NEW YORK 13, N. Y. 
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Universal 

Microphones 

get around 
\‘: 

4406*-11r 

AS FAR as Universal microphones are 
1.1. concerned there isn't much difference 
between amateurs at peace and amateurs at 
war. For, in both cases, they know and use 
Universal products. From the production line 
of our factories, to training centers, into 
actual combat zones, in the supply services, 
and all branches of the Armed Forces, Uni-
versal microphones, jacks, plugs, switches, 
and other accessories are filling an important 
niche as vital voice communication com-
ponents. When peace comes, once more 
amateurs will renew their allegiance to 
microphones by Universal, and the many 
new catalog items, which will be available 
the world over. 

• 

Available from your Radio Jobber. 

1700-U Series microphone. Single 

button carbon type, push-to-talk 
switch, etc. For trainers, inter-

communication and general trans-

mitter service. 

UNIVERSAL MICROPHONE CO. LTD. 
INGLEWOOD, CALIFORNIA 

FOREIGN DIVISION, 301 CLAY STREET, SAN FRANCISCO 11, CALIFORNIA 

CANADIAN DIVISION, 560 KING STREET W., TORONTO 2, ONTARIO, CANADA 
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RELIABLE PERFORMANCE 

le atie, eie ex Wtaete, Zeadeuteffley. . , 

ulpey ÇØt4éd 
Weeet dteetele-egfteejériecteloelecet "iitoced7éseteed 

With peace will come again those prod-
ucts of industry such as radio, television, 
airplanes, refrigerators, washing machines, 
etc., which never really were luxuries so 
much as necessities ... and to those who 
are thinking in terms of post-war, we are 

QUARTZ CRYSTALS for All Frequency 
Control Applications 

QUARTZ CRYSTAL MOUNTINGS 

TEMPERATURE CONTROL OVENS 

QUARTZ PRISMS. LENSES and 
Special Optical Pieces 

158 

prepared to help build precision parts ard 
accessories for such products required by 
the electronics industry again, as well as 
help design and produce many:omplex new 
ones that are destined to emerge from 
this war — plan ahead with VALPEY. 

VALPEY CRYSTAL CORP. 
Succes,or to THE VALPEY CRYSTALS 

PLANT AND OFFICES 

HIGHLAND AND WASHINGTON STS. 

Box 321A, Holliston, Mass. 



for truly dependable sERVICE 

7-TUBE T.R.F. RECEIVER K 
A complete training unit which may 
be assembled and operated stage by 
stage. Tip lacks and jumpe:s pro-
vide means for operating eacl stage 
separately or in conjunction with 
other stages after assembly fo: many 
different combinations. Complete 
With tubes and speaker . . . $22.31 

HIGH FREQUENCY 
TRANSMITTER KIT 

R.F. Unit, complete on one chassis. 
The oscillator circuit, which can be 
used as crystal or electron coupled. 
operates at 7 MC. The first doubler 
operates at 14 MC, and the outpu 
stage at 28 MC. Complete with tubes 
and coils but less crystal . . 815.90 

COMPLETE 
TRAINING KIT 

Compete in every detail, this kit 
consists of a 6L6G Hartley type oscil-
lator, a 6L63 neutralized amplifier. 
6L6G modu.ator. and 5Z3 rectifier. 
Chassis is completely punched and 
formed with all controls marked and 
calibrated. Every necessary part is 
supplied with the exception of meter 
and micropt.one. Complete . 829.00 

Lafayette Radio Corporation 
of Chicago and Atlanta handles 

the products of every outstanding 

manufacturer whose advertise-

ments appear in CDST Magazine. 

Lafayette is proud that the 

training kíts illustrated are being 

used by the military forces in 

making thousands of new friends 

for amateur radio. 
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901 W. JACKSON BLVD. CHICAGO 7, ILLINOIS 
265 PEACHTREE STREET ATLANTA 3, GEORGIA 

22 YE IRS OF RADIO RELIABILITY 



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-first annual 
edition, it is universally used by radio engineers as 
well as the thousands of amateurs and experimenters 
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 

• 
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High Altitude 
Development Chambers 
Temperature: —120°F. to +200°F. 
Vacuum: to .25 Hg absolute. 
Time: complete cycle within 90 min-

utes. 
Size: minimum of 12" x 12" x 12" to 
any greater capacity. 

Humidity: 20% to 95% relative man-
ual or automatic control. 

Cold Chambers 
Specifications are identical with 
those listed for altitude chambers, 
except that cold chambers have no 
vacuum provision. 

Flight Chambers 
Temperature: to —120°F., or without 

refrigeration. 
Vacuum: to 80,000 ft. with automatic 

control of temperature compared 
to pressure. 

Size: 6' x 4' x 4' to as large as 10' x 
10' x 50'. 

Humidity: manual or automatic con-
trol in range between 20% and 
95% R. H. 

Accessory Instruments 
Special Recording Pyrometers 
Manometers and Altimeters 
Vertical Speed Indicators 
Instrument Panels and Switchboards 

MOBILE REFRIGERATION 
38-32 54th Street 

Woodside, L. I., N. Y.. 

DIVISION OF S. F. BOWSER & COMPANY, INC. 



MANUFACTURING COMPANY, INCORPORATED 
SIGNAL GENERATORS AUDIO OSCILLATORS - TEST EQUIPMENT 

RADIO RECEIVERS - TRANSMITTERS - ELECTRONIC DEVICES 

Licensed by RCA • HAZELTINE • ARMSTRONG 

305 EAST 63rd STREET, NEW YORK CITY 21, N. Y. • Tel.: REgent• 7-3090 

SPECIALIZING IN 

QUALITY TEST INSTRUMENTS • ULTRA-HIGH FREQUENCY EQUIPMENT 

• HIGH-FIDELITY HOME RECEIVERS • 
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Prepare to Get your "ticket" 
with the New 1943 Revised Edition of 

For Amateur Radio Operators, 
Radiotelephone and Telegraph 

Operators 

COVERS 
Broadcasting • Marine • Aeronautical 

or any field of 
Radio Transmission and Reception 

IV. 

V. 

VI. 

CONTENTS 
Basic Rcclio Laws 

Basic Theory and Practice 

Radioteiephone 

Advanced Radiotelephone 

Radiotelegraph 

Advanced Radiotelegraphy 

DREW'S 
HOW TO PASS 
RADIO LICENSE 
EXAMINATIONS 

By Charles E. Drew, I.R.E., A.I.E.E. 

If you are an amateur and want to win your 

"ticket" this is the book for you. It will help 

you pass your radio license examinations. 

Now brought up to date, 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. 

Presented in easy-to-follow question .and 
answer form, the new 1943 edition of Drew's 
HOW TO PASS is the "bible" of radio oper-
ators, radiotelephone and telegraph men. Take 
the sure way to knowledge and equip yourself 

with this book. Send for your copy today. 

Ready in November (1943) Second Edition 

$3.00 

10 Days' Free Examination 

ON APPROVAL COUPON 

JOHN WILEY & SONS, Inc. 
440 Fourth Avenue, New York 16, N. Y. 
Please send me a copy of Drew's HOW TO PASS RADIO LICENSE EXAMINATIONS on 
ten days' approval. At the end of that time, if I decide to keep the book, I will remit $3.00 plus 
postage; otherwise I will return the book postpaid. 

Name  

Address   

Ci.`y and State 

Employed by  
RAH-1944 
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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. 

Rodio Theory and Engineering 

FUNDAMENTALS OF RADIO, by F. E. 
Terrnan. An elementary version of the author's 
classic "Radio Engineering," simplified in 
treatment and intended for readers of limited 
mathematical ability. 458 pages, illustrated. 
1938 $3.73 

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 $3.30 

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 $3.23 

BASIC ELEQTRICITY 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 

ELECTRICAL FUNDAMENTALS OF COM-
MUNICATION, by A. L. Albert. Basic elec-
trical circuits and vacuum-tube operation for 
the communications student. 554 pages, illus-
trated. 1942 $3.30 

RADIO ENGINEERING, by F. E. Terman. A 
comprehensive treatment covering all phases 
of radio communication. An all-around book 
for students and engineers, it is o recognized 
authority in its field. 813 pages, illustrated. 
2nd edition, 1937 $5.30 

COMMUNICATION ENGINEERING, by 
W. L. Everitt. Complete treatment of network 
theory, including mathematical analysis of 
radio circuits and tube operation. 727 pages, 
illustrated. 1937 $5.00 

THEORY AND APPLICATION OF ELEC-
TRON TUBES, by H. J. Reich. A compre-
hensive treatment of the theory, characteristics 
and applications of electron tubes and their 
circuits. 670 pages, illustrated. 1939. $5.00 

RADIO ENGINEERING HANDBOOK, Keith 
Henney, Editor. An authoritative handbook for 
engineers, with technical data on all fields and 
aspects of radio, contributed by 23 specialists. 
945 pages, illustrated. 1941  $5.00 

PRINCIPLES OF AERONAUTICAL RADIO 
ENGINEERING, by P. C. Sandretto. Covers 
radio aids to air navigation and air commu-
nication from the applied engineering view-
point, 414 pages, illustrated. 1942 $3.30 

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. 1 943  $5.50 

ULTRA-HIGH-FREQUENCY TECHNIQUES, 
by Brainerd, Koehler, Reich and Woodruff. A 
complete text on radio engineering, empha-
sizing v.h.f, and uhf, aspects. 534 pages, 
illustrated. 1942 $4.30 

MICROWAVE TRANSMISSION, by J. C. 
Slater. A comprehensive treatment of 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 

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 reception 
and transmission, with design data and 
descriptions of modern equipment. 541 pages, 
illustrated. 1940 $3.00 

Radio 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 

LABORATORY MANUAL IN RADIO, by 
Almstead, Davis, and Stone. Laboratory ex-
periments for elementary rodio courses, in-
cluding shop practice and circuit recognition, 
with work sheets. Paper bound, 139 pages, 
illustrated. 1943   $0.80 

EXPERIMENTAL RADIO, by R. R Rarnsey. 
A widely used laboratory manual describing 
132 basic experiments designed to bring out 
the principles of radio theory, instruments and 
measurements. 196 pages, illustrated. 4th 
edition, 1937    $2.73 

THE CATHODE-RAY TUBE AT WORK, by 
John F. Rider. Cathode-ray tube theory, sweep 
circuits, a.c. wave patterns, and descriptions 
of commercial oscilloscope units, including 
actual photographs of screen patterns. 322 
pages, illustrated $3.00 

A GUIDE TO CATHODE-RAY PATTERNS, 
by Merwyn 81y. Types of oscilloscope patterns 
encountered in practice are shown, with ex-
planations. A section on graphic analysis is 
included. Paper bound, 39 pages, illustrated. 
1943  $1.50 

Commercial Equipment and Operating 

RADIO OPERATING QUESTIONS AND 
ANSWERS, by Nilson and Hornung. Gives 
the answers to the paraphrased questions in 
the FCC study guide, covering all six elements 
of the commercial examinations. 415 pages, 
illustrated. 7th edition, 1940 $3.00 

MATHEMATICS FOR ELECTRICIANS AND 
RADIOMEN, by N. M. Cooke. Furnishes the 
student with a sound mathematical foundation 
and shows how to apply this knowledge to 
practical radio and electrical problems. 604 
pages, illustrated, 1942 $4.00 

RADIO AS A CAREER, by J. L. Hornung. A 
comprehensive discussion of the opportunities 
to be found in the various rodio fields and the 
relationship of the radio amateur to these 
fields. 212 pages. 1940 $1.50 

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 

AUDEL'S NEW RADIOMAN'S GUIDE, by 
E. P. Anderson. For one who wants to get a 
working knowledge of radio. Not an engi-
neering text, but filled with useful information 
for the practicing radioman. 765 pages, illus-
trated. 1940 $4.00 

GETTING ACQUAINTED WITH RADIO, 
by Alfred Morgan. Gives the average person 
interested in radio the basic principles of the 
science. For the neophyte. 285 pages, illus-
trated. 1940 $2.50 

THE RADIO MANUAL, by G. E. Sterling. An 
excellent practical handbook, invaluable to 
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 

PRINCIPLES AND PRACTICE OF RADIO 
SERVICING, by H. J. Hicks. Receiver circuit 
fundamentals and their application to general 
service practice. Covers modern testing equip-
ment and business principles in servicing. 391 
pages, illustrated. 1943 $3.50 

SERVICING SUPERHETERODYNES, by 
John F. Rider. Theory and practice of super-
heterodyne receivers, together with adjust-
ment and trouble-shooting data. 278 pages, 
illustrated $1.00 

THE AMERICAN RADIO RELAY LEAGUE, INC., WEST HARTFORD 7, CONNECTICUT 
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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 ere 

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 famiiiar QST format which permits thorough 

but economical presentatio of the information. Most of il 

the publications and suppf ies described in the following 

pages are handled by your dealer for your convenience. 

• 

THE AMERICAN RADIO 
RELAY LEAGUE, INC. 

WEST HARTFORD 7 

CONNECTICUT 

eill•• 



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 twenty-
nine years (and 

t hereby theoldes t 
American radio 
magazine) QST 
has been the 

"bible" of Amateur 

Radio. 



UST 
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 1922 through 1945. 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 
$ 1.50 each 

postpaid 

Available only in U. 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 

is 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 

Designed to train students to 
handle code skillfully and with precision, 
both in sending and in receiving, this booklet 

takes first rank among the League's publications 
which meet today's special training needs. Em-
ploying a novel system of code-learning based on 

/ the accepted method of sound conception, it is 
r particularly excellent for the student who does not 

have the continuous help o' an experienced operator 
or access to a code machine. It is similarly helpful 

home-study material for members of code 
classes. Adequate practice material is included 
for classwork as well as for home-study. There 
are also helpful data on high-speed opera-

tion, typewriter copy, general operating information 
— and an entire chupter on tone sources for code 
practice, including the description of a complete code 
instruction table with practice oscillator. 

25c 
Postpaid Anywhere 

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 



' 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 
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. 

A com-
prehensive manual ot 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 multi-element rotaries, 
including long wires, rhomboids, vees, phased 
systems, u.h.f. systems, etc. Feed systems and 
their adjustment. Construction of masts, lines 
and rotating mechanisms. The most compre-
hensive and reliable information ever 
published on the subject. 

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 

$ 0.00 
Postpaid 



Re-designed 
in the light of 
wartime conditions and 
re-styled to meet present-day 1 Postpaid in 
needs, the 1944 Edition of THE Continental 

RADIO AMATEUR'S HANDBOOK con-  U. S. A. 

tains more pages and more 1-formation per $1.50 Postpaid Elsewhere 

page than any HANDBOOK yet published. Greatly Buckram Bound $2.00 

expanded, the revised and re-written section on theory and funda-
mentals is basically the same highly successful treatment that made the 
HANDBOOK the world's outstanding radio training text. In addition to the 
established features, the new edition includes an enlarged chapter on the War 
Emergency Radio Service and an entirely new chapter on carrier-current com-
munication, plus other useful new material—all added without sacrificing any of 

the essential information in previous editions. Every subject encountered in practical 
radio communication is covered, arranged for maximum convenience to the reader, 
sectionalized by topics with abundant cross-referencing and fully indexed. More 
than ever the ideal reference work, the 1944 edition also contains the practical 
constructional information on tested and proved gear which has always been the 
outstanding feature of the HANDBOOK. 

50c 
Postpaid Anywhere 

The ob;ective in preparing this course was to accent those prinrinles 

most 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 for war training pur-

poses or the Standard Edition may be used. References 

contained in the "Course" are identical 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, experiments and 
examination questions for either class or 

individual instruction. It describes in 
detail 40 experiments with simple 
apparatus giving a complete 
practical knowledge 
of radio theory 
and design. 



League, under 
W. P. Koechel, has made 

tors to obviate the tedious a 
involved in the design 

hg 
sole 

radio an 
struggling w 

amateurs, en 
adequate for 
measurement by 
instructions for 
multiplying simple 
in cellophane. You will 

RADIO CALCULATOR 
TYPE A 
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e from 400 kiloc 
ngth scale from tw 
m 3 t r0-

scales h a ran rom 

1,50 a turn - sca 
ingle silk e 
e silk or 
n cove 

in length; a frequenc 
150 megacycle ; 
ters; a capa 
two induct n 
henry throu 
enameled 
gauge, d 
double 
scales i 
lions 

st,'.. 

calcul 

allied 

rs are eni 
tous mat 

ork. The 
ormulas 
rs, rvic en 
olut of ti 
mar 

/ 

Aware of 
the practi-

cal bent of the 
over ge amateur and 

knowing his limited 
I se of the 

il able s 
sometimes iffi ult 

ems 

r 

age tremendous time-savers for 
enters. Their accuracy is more than 
ms, and is well within the limits of 

c calculator has on its reverse side detailed 
reatest hematical ability required is that of dividing or 

s. All calculators are printed in several colors and are wrapped 
find lightning calculators the most useful ga gets you ever owne 

LC ATORI 

rant the 
old one 
r physi-
nd o 

n o 36 and 
fr . . Using these 
anne in the instruc-
he calculato , it is possible to 

olving frequency in kilocycles, 
wo ngth in eters, inductance in microhenrys 
and capacity in microfarads, for practically all 

problems that the 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 

This calc 

time, the 
designer, 
calcula-
cal work 

me T various 
ceitc0r4 and simple 
is in all 'Finds of 

rect answdits without 

A ow rough 10 kilowatts. 

ms through 100 megohms. 

al ampere through 100 amperes. 

tale rom 10 microvolts through 10 kilovolts. 

With this concentrated collection of scale, calculations 
may be mode involving voltage, current, and resistance, 

and can be made with a single setting of a dial. The 
power or voltage or current or resistance in any cir-
cuit can be found easily if any two are known. This is 

a newly-designed Type B Calculator which is more 

accurate und simpler to use than the justly-famous 
original model. It will be found useful for many 

calculations which must be made frequently 
but which are often confusing if done by 

ordinary methods. All answers will 

be accurate within the tolerances 
of commercial equipment. 

$1.00 

Postpaid 



The A.R.R.L. Amateur Radio MAP of the World is 

entirely new in conception and design, contains every 

bit of information useful to the radio amateur. A special 

type of projection made by Rand, McNally to A.R.R.L. speci-

fications. It gives great circle distance measurements in miles or 

kilometers within an accuracy of 2%. Shows all principal cities of 

the world ; local time zones and Greenwich; WAC divisions; 230 

countries, indexed ; 180 prefixes, districts and subdivisions, where 

used; and U. S. examining points. Large enough to be us- $1.25 

able, printed in six colors on heavy map paper, 30 x 40 inches. Postpaid 

RADIO RELAY LEAGUE INC 
MEMBERS 

STATIONERY 

Members stationery is 

standard 81/2  x 11 bound 
paper which every mem-

ber should be proud to 

use for his radio corre-
spondence. Lithographed 

on 81/2  x I I heavy 
bond paper. 

I 00 Sheets, 

50c 

250 Sheets, 

$1.00 

500 Sheets, 

$1.75 

Postpaid Anywhere 

Anywhere 

THE LEAGUE EMBLEM, with both gold border and 

lettering, and with black enamel background, is 
available in either pin (with safety clasp) or 
screw-back button type. 

In addlticn, there are special colors for Com-
municaticns Department appointees. 

• Red enameled background for the SCM. 
• Blue enameled background for the ORS 

or OPS. 

(Red available in pin type only. Blue may 

be had in either pin or button style.) 
THE EMBLEM CUT- A mounted printing 

electrotype, %" high, for use by mem-
bers on am-
ateur printed 
matter, let-
ter heads, 
cards, etc. 

50c 
Postpaid 
Anywhere 



The (American 
e_elay League 

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. 

,Membership lApplication Wank, WILL 

BE FOUND ON BACK OF THIS PAGE »...> 
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Eigi4 .tN HAM» nELAy LEAGuE 
.tibninixtrotire Headquarters: West Hartford. COMM.. I 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 D or Membership 
Card D (indicate which) to the address below: 

Naine  

A bona fide interest in amateur radio is die only esseniial require. 

lament but full soling membership is granted only to licensed radio 

amateurs of (he ridded Slates and Therefore. if you have 

a license, please be sure to indicate il alms-c. 

r *The dues are $2.50 per year in the United States 
L and Possessions. All other countries $3.00 per year. j 
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Amplifiers (see basic classification. e.g.. "Receivers," 

"Transmitters" and "Radiotelephony") 
Amplitude  
Amplitude Modulation 104 
Anchor, Guy Wire  
Angle, Amplifier Operating 93,100-
Angle of Radiation 174,178 
Angular Velocity  
Anode  
Antenna Systems: 

Angle of Radiation 174,178,180 
Beam Antennas 199-207 
Bent Antennae  199 
Broadside Arrays 201.202-203 
Capacity Ground 207-208 
Coaxial Vertical Radiator  208 
Collinear Arrays 201,202-203 
Combination Arrays  207 
Compact Antennas 198-199 
Conductor Size  179 
Construction 377-383 
Corner Reflector Antennas 208-209 
Counterpoise 207-208 
Coupling to Receiver 134-135 
Coupling to Transmitter 185-188 
Current Distribution 178-179,195 
Directive Antennas  199-207 
Directivity  178 
Director  205 
Doublet  178 
Driven Elements 201-202 
Dummy Antennae  97 
End Effect  178 
End-Fire Arrays 201,203 
Extended Double Zepp  204 
Feed Systems: 

Balance to Ground  182 
Characteristic Impedance 182-183 
Coaxial Lines 182,192 
Concentric Lines 182,192 
Current Feed 181-182 
Delta Matching Transformer 192-193 
Harmonic Resonance  54 
Height 179-180 
Impedance 54,184 
Impedance Transformer  184 

10 
13-14 

14 
14 

13,477 
36,42,401-402 

23 
29 
57 

36 
-106 
379 
101 
, 180 

37 
24 
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Length 183,188,204 
Losses  184 
Linear Tranformers  184,193-194 
Non-Resonant Lines 185,190-194 
Open-Wire Line 182,188 
"Q" Section  193 
Reactance  184 
Resist anee  184 
Resonant Lines 185,188-190 
Single-Wire Feed 182,190-191 
Standing-Wave Ratio 183-184 
Stub Matching 193-194 
Tuned Transmission Line  188-189 
Twisted-Pair Line 182,191-192 
Untuncd Transmission Linee 190-194 
Voltage Feed  181,182 

Folded Dipole 208,367 
Folded Doublet  367 
Free-Space Pattern  179 
Ground Connection  207 
Ground Effect 179-181 
Grounded Antennas 207-208 
Guys  379 
Half-Wave 178-179 
Halyards   379 
Harmonic Antenna  194 
Hertz Antenna  178 
Impedance 178,179,180,195 
Installation 379-381 
J Antenna 208,369 
Lazy H Antenna  203 
Length 178,195,205,207 
Lightning Protection  380 
Long-Wire Antennas 194-196,199-201 
Marconi (Grounded) Antennas 207-208 
Masts 377-379 
Measurements 415-416 
Mobile 367-368.383 
Multi-Band Antennas 196-199 
Parasitic Elements 205-207 
Patterns, Radiation 181,196 
Phased Arrays 201-202 
Polarization 172.178,180 
Power Gain 178,195 
Pulleys  379 
Radiation Characteristics  179 
Radiation Resistance  54 
Receiving  209 
Reflection, Ground  175 
Reflector  205 
Restricted Space  198 
Rhombic or Diamond Antennas 200-201 
Rotary-Beam Antennas 
Standing Waves 
Switching 
Tilt Angle 
Transmission Lines 182-194,366-367,379 
Tuners, Construction of: 

Built-In Low-Power Antenna Coupler  230 
Built-In Medium-Power Antenna Coupler ._234-235 
Low-Power Antenna Tuner 226-227 
Low-Power Rack-Mounted Antenna Tuner... 233 
Medium-Power Antenna Tuner  238 
Pi-Section Antenna Coupler  264 
Wide-Range Antenna Coupler 248-249 

V Antennas 199-200 
Very-High Frequency (see "Very-High Frequen-

cies") 
Voltage Distribution 178-179,195 
WERS 366-369 
Zepp Antenna  188 

Anti-Nodes  54 
Arc-Back  162 
Army-Amateur Net  12 
Army-Navy Phonetic Word List  335 
Arrays, Antenna 199-207 
Atoms  19 
Atmospheric Bending  176 
Atmospheric Refraction  176 
Attraction 20,28 
Audio Frequencies  39 
Audio-Frequency Amplifiers 137-139 
Audio Frequency Measurement  400 
Audio Image  149 
Audio Limiting 117,153 

205-206,381-382 
 53,54 

 380-381 
200 



Audio Oscillators 
Autodyne Reception  
Automatic Volume Control 151-152 
Autotransformer  45 
Average Current Value  37 
Axes, Cathode-Ray Tube  79 

B Battery 
Back-Wave  izo 
Baffle Shield  52 
Balanced Transmission Line  182 
Balancing Circuits, Meter 403-404 
Band Changing  141 
Band-Pass Filters  53 
Bandspread 141-142 
Band-Switching   141 
Band-Width   131 
Bande, Amateur  14 
Bat teries 26,358-359 
Battery Service Hours (Table)  360 
Beam Antennas (see "Antenna Systems") 
Beam Tubes  
Beat Frequencies  
Beat Note  
Beat Oscillator  
Bent Antennas  
Bias 59,73-74,78,93,107-108, Ill 
Bias Calculation 73,93 
Bias Modulation 107-109 
Bias Supplies 167-188,243-244,248 
Birdies 144,157-158 
Bleeder  163 
Blocked-Grid Keying  127 
Blocking  137 
Blocking Condensers  55 
Body Capacity 90,135 
Break-In  126 
Bridge Circuits 53,408 
Bridge Rectifiers  162 
Broadside Arrays 201,202-203 
Buffer Amplifier  81 
Buffer Condenser  171 
Bus Wire  412 
Button, Microphone 112-113 
Buzzer Code-Practice Set  16 
By-Pass Condensers 55,139 

CIL Ratios 
C. W. Reception  
Canadian General Manager 
Capacitive Coupling  
Capacitive Reactance  
Capacity  
Capacity Coupling  
Capacity, Distributed  
Capacity Ground 
Capacity, Inductance and Frequency Charts  
Capacity, Interelectrode  
Capacity Measurement  
Capacity of Condenser, Computing  
Capacity of Transmission Line, Computing  
Capacity-Resistance Time Constant  
Carbon Microphone  
Carrier  
Carrier-Current Communication  

Equipment: 
Converters  389-391 
Coupling to Power Line  386 
Frequency Checking  386 
Receivers  389 
Transmitters 387-389 
Transmitter-Receiver 388-389 

Frequencies  384 
Fundamentals 384-385 
Operating Restrictions 384-385 
Radiation  384 
Ranges  385 

Cascade Amplifiers  61 
Cathode 24,56,72-73 
Cathode Bias 73-74 
Cathode By-Pass  73 
Cathode Keying  127 
Cathode Modulation 109-110 
Cathode-Ray Oscilloscopes 79-80,117-120,405-406 
Cathode-Ray Tubes 77-80 
Cell  25 
Cement, Coil  421 
Center-Tap, Filament  74 
Center-Tap Full-Wave Rectifier  162 
Center-Tap Keying  127 
Center-Tap Modulation 109-110 
Channel  105 
Characteristic Curves 
Characteristic Impedance 
Characteristics of Vacuum Tubes (Tablea) 443-472 
Charges, Electrical 20,21 
Charging Batteries  26 

PAGE PAGE 
16-17,413 Charts and Tables: 

130 Abbreviations for Electrical and Radio Terme..  430 
Abbreviations, Radiotelegraph  474 
Amateur Wavelength-Frequency Bands  14 
Antenna and Feeder Lengths 191,197,199,209 
Antenna Gain 202,205 
Army-Navy Vacuum-Tube Preferred List  433 

56 Band-Width, Typical I. F  148 
Battery Service Hours  360 
Cathode-Modulation Performance Curves  110 
Characteristic Impedance 183,195 
Coil-Winding Data 95,96 
Color Code for Radio Parts  428 
Conductivity of Metals  428 
Continental Code  16 
Conversion Factors  429 
Copper Wire Table  427 
Current Capacity of Power Wiring  428 
Decibel Chart  431 
Decimal Equivalents  429 
Dielectric Constant a  423 

71 Drill Sizes  418 
55 Dynamotors (Types and Data)  361 
130 Electrical Symbols  430 

143,150-151 FCC Frequency Allocations  478 
199 Gain of Directive Antennas 202,205 

Gas-Driven Generators (Types and Data)  360 
Gauges, Metal  429 
Greek Alphabet  430 
Inductance, Capacity and Frequency Charts. 424,425 
Inductance Design Charts for V.H.F.Coila  425 
Length, Unite of  429 
Line-of-Sight V.H.F. Range  176 
Message Form  475 
Meter-Shunt Design  401 
Metric Prefixes  429 
Modulator Data 284-285 
Multiples and Sub-Multiples  429 
Numerical Values  431 
Q Code 479-480 
Radiation Angles  180 
Radiation Patterns 181,196 
Radiation Resistance 180,195 
Reactance Chart  432 
Reactance Table  432 
Receiving-Tube Classification Chart  434 
Resistance-Coupled Amplifier Data 115,282-283 

  22 Rhombic *ntenna Design 200,201 
 49,76,94 Schematic Symbols Frontispiece 
130,136.155 Signal Strength and Readability Scales  480 

13 Shielding, Effect on Coil Inductance  426 
49,87-88 Surge Impedance 183,197 

40 Tank Circuit Capacity  94 
22 Tap Sizes  418 
49 Tools  417 
42 Transmission Linea, Spacing  183 

207-208 V-Antenna Design Chart  200 
424,425 Vacuum-Tube Characteristics 443-472 

59 Vacuum-Tube Classification Chart, Receiving... 434 
407-408 Vacuum-Tube Index 435-437 

422 Vacuum-Tube Preferred List, Army-Navy ...... 431 
423 Vacuum-Tube Socket Diagrams 437-442 

35-36 Vacuum-Tube Symbols  el 

81,104 Wire Table  427 
112-113 Vibrator Power Supplies (Types and Data)  361 

384-391 Word Lista for Accurate Transmission 335,478 

Chassis Layout  418 
Chirp, Keying  128 
Choke Coil  55 
Choke-Coupled Modulator  107 
Choke, Filter 163,164-165 
Choke-Input Filter 163,164-165 
Choke, Swinging  165 
Circuit-Diagram Schemat ic Symbols Frontispiece 
Circuit, Electric  20 
Circuits, Bridge  53 
Circuits, Colpitts  75 
Circuits, Concentric-Line 102-103 
Circuits, Coupled  49 
Circuits, Hartley  75 
Circuits, High-Q  103 
Circuits, Lag  128 
Circuits, Linear 53-54,101 
Circuits, Parallel-Resonant  46 
Circuits, Power-Amplifier  66 
Circuits, Radio-Frequency Power Amplifier 88-93 
Circuits, Receiver (see "Receivers") 
Circuits, Resonant 48-49,51 
Circuits. Resonant Line 54-55 
Circuits, Series  46 
Circuits, Sweep  80 
Circuits, Transmitter (see " Transmitters") 
Circuits, Tuned 46-49 

56 Circuits, Ultraudion  75 
182-183, 195 Circuits, Voltage-Doubling  170 

Citizens Defense Corps  330 
Civil Air Patrol Stations, VERS 330,337 
Civilian Defense Stations, WERS 330-336 



Class-A, -AB, -B, and -C Amplifiers  PAGE 
Class-B Modulators 110-112,276-278,2868-69 1-286 
Class-B Modulator Data 284-285 
Clicks, Keying 125,128 
Closed Circuit  20 
Coaxial Line 182,192 
Coaxial Vertical Radiators  208 
Code (Continental) and Code Practice 15-16,17-18 
Code Practice Sets 16-17 
Coefficient of Coupling  50 
Coefficient, Temperature  84 
Coil (see "Inductance") 
Coil Cement  421 
Coil, Field  139 
Coil Shields, Effect on Inductance  426 
Coil, Voice  139 
Coils, Winding  421 
Collinear Arrays 201,202-203 
Color Codes, RMA  428 
Colpitts Circuit  75 
Combined A.C. and D.0  55 
Combination A.C. and Storage-Battery Supplies...362-363 
Communications Act of 1934 477-478 
Communications Department, ARRL  477 
Complex Waves  55 
Compression, Volume 280-281 
Concentric-Line Circuits 55,102-103 
Concentric Transmission Line 182,192 
Condenser  22 
Condenser Capacitance (Computing)  422 
Condenser Color Code  428 
Condenser-Input Filter 163-164 
Condenser Microphones  113 
Condenser Series and Parallel Connections  35 
Condenser Reactance  40 
Condensers, Bandspread  141 
Condensers, By-Pass  55 
Condensers, Electrolyt ic  163 
Condensers, Testing  
Condensers, Voltage Rating 407-412 95,163 
Conductance  33, 34 
Conduction  23 
Conduction, Electrolytic  24 
Conduction, Gaseous  23 
Conduction, Thermionic  24 
Conductivity of Metals  428 
Conductors  
Constant, Time  19-20 35,36,151 
Continental Code  16 
Control Circuits, Station 274-275 
Control Grid  56 
Controlled-Rectifier Keying  127 
Conversion Efficiency  144 
Conversion Factors  429 
Converters, A.C.-D.0  359 
Converters, Frequency 143-145 
Converters, V.H.F.  
Copper-Oxide Rectifier Meter 288-296 402 
Copper Wire Table  427 
Core  43 
Corner Reflector Antenna 208-209 
Coulomb  19 
Counterpoise 207-208 
Counting Messages 475-476 
Coupled Circuits  49-52 
Coupling   31 
Coupling, Antenna to Receiver 134-135 
Coupling, Antenna to Transmitter 185-188 
Coupling, Choke  107 
Coupling Condenser 49,87-88 

e Coupling, Critical  51 
Coupling, Driver  111 
Coupling, Interstage 87-88 
Coupling, Link 88,187 
Coupling to Transmission Lines 185-188 
Coupling Transformer 106,116 
Crackle Finish  420 
Critical Angle  174 
Critical Coupling  51 
Critical Frequency  173 
Critical Inductance 164-165 
Cross-Overs  400 
Crystal, Piezoelectric 49,83-84 
Crystal-Controlled Transmitter Construction (see 

" Transmitters" and " Very-high Frequencies") 
Crystal Detector  
Crystal, Failure to Oscillate  
Crystal Filters 149-150,155 
Crystal Headphones  138 
Crystal Microphones  113 
Crystal Mountings  84 
Crystal Oscillators 75,85-87 
Current, Alternating 36-42 
Current Capacity of Wiring (Table)  428 
Current, Direct  32 
Current Feed for Antennas 181-182 
Current Flow 19,23-25 
Current in A.C. Circuits  36 
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Current Lag and Lead 37-42 
Current Measurement 36,42,401-403 
Curves, Tube Characteristics 56-71 
Cut-Off Frequency  52 
Cut-Off, Plate Current  59 
Cycle  37 

D.0  32 
D.C. Instruments 36,401-402 
D'Arsonval Movement  401 
Damping  47 
Dead Spots  135 
Decibel  67 
Decibel Chart  431 
Decimal Equivalents  429 
Decoupling  115 
Decrement  47 
Deflection Plates  78 
Deflection Sensitivity  78 
Degeneration  65 
Delayed A.V  C   151 
Delivering Messages  475 
Delta Matching Transformer 192-193 
Demodulation  130 
Detection 130,131-137 
Deviation Ratio  122 
Diagrams, Schematic Symbols for Frontispiece 
Diamond Antenna  200 
Dielectric 20-22 
Dielectric Constant  22 
Dielectric Constants (Table)  423 
Dies  419 
Diffraction 172,176 
Diode Detectors 131-132 
Diode Voltmeters 403-404 
Diodes  56 
Dipole, Folded  208 
Direct Coupling  49 
Direct Current  32 
Direct Feed for Antennas  181 
Direct-Ray Transmission  175 
Direction of Current Flow  24 
Directional Antennas (see " Antenna Systems") 
Directive Antennas 199-207 
Directivity, Antenna  178 
Director, Antenna  205 
Directors, ARRL  13 
Disassociation  24 
Discriminator 159-160 
Dissipation, Plate  59 
District Radio Aide, WERS 331-332 
District Warning Center, WERS  331 
Distortion  61 
Distributed Capacity and Inductance  42 
Dividers, Voltage 34,35,169 
Divisions, ARRL  13 
Doubler, Frequency 81,100-101 
Double Resonance  98 
Double Superheterodyne  144 
Doublet Antenna  178 
Downward Modulation  121 
Drift, Frequency 78,84,395 
Drill Sizes (Table)  418 
Drilling Holes  419 
Driven Elements 201-202 
Driver 87,111 
Driving Power 66,93-94, Ill 
Drop, Voltage 34,48, 161 
Dry Batteries 358-359 
Dry Cell  25 
Dummy Antennas  97 
Dummy Load  403 
Duplex-Diode Triodes and Pentodes  71 
Duplex Power Supplies  170 
Dynamic Characteristics  58 
Dynamic Instability  76 
Dynamic Loudspeakers 138-139 
Dynamic Microphones  113 
Dynamotors  359 
Dynamotors (Table)  361 

E  32 
E-Layer  173 
Eddy Current  52 
Effective Current Value  37 
Efficiency, Amplifier  93 

86 Efficiency, Frequency Conversion  144 
Efficiency, Transformer  44 
Electric Charges 20-22 
Electric Circuit  20 
Electrical Length  183 
Electrical Units and Symbols  430 
Electricity  19 
Electricity, Static 20,21 
Electrodes  23 
Electrolyte  24 
Electrolytic Condensers  163 
Electrolytic Condensers, Testing 407-408 



PAGE 
Electrolytic Conduction  24 
Electromagnetic Deflection 77-78 
Electromagnetic Radiation  54 
Electromagnetism 27-31 
Electromotive Force (E.M.F.)  21 
Electrons  19 
Electron-Coupled Oscillator  82 
Electron Flow 24-25 
Electron Gun 77-78 
Electron-Ray Tubes  152 
Electronic Conduction  24 
Electronic Voltage Regulation 166-167 
Electrostatic Coupling  49-50 
Electrostatic Deflection  78 
Electrostatic Field  20 
Electrostatic Induction  21 
Electrostatic Shield  98 
Element, Antenna  201 
Emergency Apparatus (see " Portable Equipment") 
Emergency Communication 12-13 
Emergency Coordinator  14 
Emergency Corps, ARRL  13 
Emission, Electron  24 
Emission, Secondary  70 
End Effect  178 
End-Fire Arrays 201,203 
Energy  32 
Energy Relationships  44 
Envelope, Modulation 117-119 
Equipment-Loan Agreement, WERS  336 
Equivalents, Decimal  429 
Excitation 76,96 
Exciter  81 
Exciter Units (see " Transmitters") 
Executive Committee, AREL  13 
Expedition Communications  13 
Experimenter's Section, QST  385 
Extended Double Zepp Antenna  204 

F-Layers 173-174 
Fadeouts  174 
Fading  175 
Farad  22 
Faraday Shield - 98 
Federal Communications Commission, Regulations. 477-478 
Feed, Series and Parallel 75-76 
Feed-Back 65,75 
Feed-Through Insulators  420 
Feeders and Feed Systems (see " Antenna Systems") 
Fidelity 131,147 
Field Coil  
Field Intensity Meters 329, 415-416 
Field, Electrostatic  20 
Field, Magnetic 27-29 
Field Strength  172 
Field-Strength Meters 329,415-416 
Filament 24,72-74 
Filament Supply  161 
Fills and Repeats  475 
Filter, Crystal 149-150,155 
Filters 52,53,149-150,163-165 
Filters, R.F  128 
Final Ampli fier  81 
First Detector 143-145 
Five Meters (see " Very-High Frequencies") 
Flat Response  
Flow, Current 19,23-25 
Fluorescent Screen  78 
Flux Density, Magnetic  29 
Fly-Back  so 
Flywheel Effect  47 
Focusing Electrode 77-78 
Folded Dipole  208 
Force, Electromotive  21 
Force, Lines of 20,27 
Formulas: 

A.C. Average, Effective and Peak Values  37 
Amplification Factor  57 
Antenna Length 178,195,204,207 
Bias  73 
Bias-Supply Bleeder  167 
Bridge Balance  53 
Capacitive Reactance  40 
Capacity of Condenser  422 
Capacity of Transmission Linea 422-423 
Cathode Bias  73 
Characteristic Impedance 183,193,422 
Coefficient of Coupling  so 
Combined A.C. and D.C.  55 
Complex Wave  55 
Conductance 33,34 
Coupling-Transformer Turns Ratio  111 
Critical Inductance  164 
Crystal Frequency-Thickness Ratio  
Decibel  
Delta Matching Transformer Design  
Filter Design  
Frequency  
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Grid Impedance  94 
Grid Leak Bias  74 
Impedance 40-41 
Impedance Matching 45,106,184,193 
Impedance Ratios  44 
Impedance Transformation  184 
Inductance, Apparent  411 
Inductance Calculation  422 
Inductance of Transmission Lines 422-423 
Inductance. True  411 
Induction Field  384 
Inductive Reactance  40 
Input Filter Choke  164 
Interpolation  399 
Linear Circuits 422-423 
Linear Matching Sections  184 
Modulation Impedance  106 
Modulation Percentage 105,118 
Modulator Transformers, Turns Ratio  111 
Multipliers (Meter)  401 
Musical Scale  400 
Mutual Conductance  58 
Ohmmeter (from voltmeter)  407 
Ohm's Law (A.C.) 39-41 
Ohm's Law (D.C.) 32-33 
Output Voltage 60,111,165 
Parallel Impedance  48 
Plate Efficiency  66 
Plate Resistance  58 
Power  32 
Power Factor  42 
Power Output  97 
Power-Supply Output Voltage  165 
Power-Supply Transformer Voltage  165 1 47,48,412 Antenna  193 

of Transmission Lines  423 
/C Time Constant 35-36 

Radiation Field  384 
Reactance 39-40,41 
Reactance of Transmission Lines  423 
Regulation  161 
Resistance of Transmission Lines  
Resonance  

422-423 
46 

Resonant Impedance  48 
Resonant Impedance of Transmission Linee  423 
Rhombic Antenna  201 
Ripple  164 
Sending-End Impedance of Transmission Lines   423 
Series, Parallel and Series-Parallel Capacities. 35,41-42 

139 Series, Parallel and Series-Parallel Inductance 35,41-42 
Series, Parallel and Series-Parallel Resistances 34,41-42 
Shunts, Meter  401 
Standing-Wave Ratio  184 
Surge Impedance 183,193, 422 
Temperature Coefficient of Resistance  33 
Time Constant 35-36 
Transformer Volt-Ampere Rating  166 
Transmission-Line Constante 422-423 
Transmission-Line Length 183,193,204 
Transmission-Line Spacing 183,422 
Turns Ratio  43 
V.H.F. Transmission Range  176 
Voltage Dividers 34,35,169 
Voltage Regulation  161 

112 Voltage-Regulator Limiting Resistor  166 
Wavelength  46 
Wavelength-Frequency Conversion 54,370 
Work  32 

Fractions, Decimal Equivalents of  429 
Free-Space Pattern, Antenna  179 
Frequencies  39 
Frequencies, Amateur, Characteristics of  15 
Frequency  54 
Frequency Allocations, Amateur 14,15 
Frequency Allocations, Non-Amateur  478 
Frequency Allocations, WERS 288-296,332-333 

60 Frequency Converters 143-145 
Frequency Deviation  122 
Frequency Distortion  61 
Frequency Divider  77 
Frequency Drift 76,84,395 
Frequency, Inductance and Capacity Charts 424,425 
Frequency Measurement: 

Absorption Frequency Meters  393 
Audio Fr uencies  400 
Calibrated Receiver  393 
Calibrated Receiver with Auxiliary Oscillator. .371-372 
Frequency Standards 396-399 
Heterodyne Frequency Meters 394-396 
Interpolation 399-400 
Lecher Wires 369-370,394 

84 Methods  399 
67 WERS 369-372 
193 WWV Schedules  392 
164 Zero-Beat Indicators  400 
46 Frequency Meters 393-396 



Frequency Modulation: 
Construct ional: 

Modulator-Oscillator Unit  
56-Mc. F.M. Transmitter 
5-Mc. F.M. I.F. Amplifier .. 

Deviation Ratio  
Discriminator 
Limiter  
Methods 
Principles  
Reactance Modulator 
Reception 

PAGE PAGE 

High-Vacuum Rectifiers  161 
Hiram Percy Maxim Memorial  14 

316-317 Hiss Noise 140,153 
 318-319 History of Amateur Radio  9-13 
 300-303 Holes, Drilling and Cutting  419 

122 Hook-Up Wire  420 
 159-160 Hum 117,121,135 

159 Hydrometer  26 
 104,123-124 

104,122-124,158-160 I 

Frequency Multipliers 
Frequency Response  
Frequency Spectrum  
Frequency Stability 
Frequency Standards  
Frequency-Thickness Ratio of Crystals  
Frequency-Wavelength Conversion  
Full-Wave Rectifiers  
Fundamental Frequency  
Fundamental Radio System  

123 Iconoscopes (Table) 
 158-160 Idling Current  
81,100-101 Image, A.F  

61,112 Image. 11-F 

32 
472 
404 
149 
143 

14,15 Image Ratio 143,152 
76-77,126 Image Suppression  152 

Gain Control 116,139-140 
Galvanometers  36 
Ganged Tuning  142 
Gaseous Conduction  23 
Gaseous Regulator Tubes  166 
Gauges, Metal  429 
Gauss  29 
Genemotors  359 
General-Coverage Tuning 141-142 
Generators, Gas-Driven (Table)  360 
Godley, Paul  10 
Government Licenses  18 
Greek Alphabet  430 
Grid  56 
Grid Bias 59,73-74,76,93 
Grid-Bias Modulation. . e 107-109 
Grid-Cathode Capacity  59 
Grid-Control Rectifiers 72, 126-127 
Grid Current  57 
Grid Driving Power  60 
Grid Emission  98 
Grid Excitation 60-62 
Grid Impedance  94 
Grid Keying  127 
Grid Leak 73-74 
Grid Leak Detectors 132-133 
Grid Neutralization  90 
Grid-Plate Capacity  59 
Grid-Plate Oscillator  87 
Grid-Plate Transconductance  58 
Grid, Screen  70 
Grid, Suppressor  70 
Grid Swing  68 
Ground  55 
Ground Connection   207 
Ground Effect 179-181 
Ground, Imperfect  180 
Ground Potential  55 
Ground Wave 172-173 
Grounded Antennas  207 
Grounds  55 
Gun, Electron 77-78 
Guys, Antenna  379 

Hairpin Coupling Loop  103 
Half-Wave  54 
Half-Wave Antenna 178-179 
Half-Wave Rectifiers  162 
Halyards, Antenna  379 
Hand Capacity  90 
Harmonic  54 
Harmonic Antenna  
Harmonic Distortion  
Harmonic Frequencies  
Harmonic Generation  
Harmonic Operation of Antennas  
Harmonic Reduction  
Harmonic Resonance  
Harmonic Suppression  
Hartley Circuit  
Hash  
Headphone Impedance  
Headphones  
Headquarters, ARRL  
Headsets  
Heater  
Heating Effect  
Henry  • 
Hertz Antenna  
Heterodyne Frequency Meters  
Heterodyne Reception  
High Frequencies  
High-Frequency Oscillator (Receiver)  
High-Pass Filters  
High-Q Circuits  

396-399 Impedance 40,41,46-47 
84 Impedance, Antenna 178,179,180,195,196 
54 Impedance-Coupled Amplifiers 62-63 
162 Impedance, Grid  94 
54 Impedance Matching 45,184 
19 Impedance Ratio, Transformer 44,45 

Impedance, Resonant  48 
Impedance, Surge 182-183 
Impedance, Tank 83,93,94-95 
Impedance Transformer  184 
Impulse Noise  153 
Indicators, Tuning 151-152 
Inductance  31 
Inductance Calculation  422 
Inductance, Capacity and Frequency Charts 424,425 
Inductance Design Charts for V.H.F. Coils  425 
Inductance, Distributed  42 
Inductance, Effect of Shielding On  426 
Inductance Measurement 407-408,411-412,422,425 
Inductance, Mutual  31 
Inductances in Series and Parallel  35 
Inductance Winding Charts 95,96 
Induction  21 
Induction Field  384 
Induction, Magnetic  28 
Induction of Transmission Lines, Computing 422-423 
Induction, Self-  30 
Inductive Coupling  49 
Inductive Neutralization  91 
Inductive Reactance 39-40 
Inductively Coupled Circuits  50 
Infinite Impedance Detector 133-134 
Input Capacity, Tube 64-65 
Input Choke 164-165 
Input Loading  141 
Input Resistance, Tube 64-65,140 
Instability 76-77,158 
Instantaneous Current Value  37 
Instantaneous Plate Current  161 
Instruments: 

A.0 42,402-403 
Ammeters 36,42,401-402 
Audio Oscillator  413 
Bridges 53,408 
D.0 36,401-402 
Field-Intensity Meters 415-416 
Frequency Meters 393-396 
Frequency Standards 396-399 
I.F. Test Oscillator  413 
L, C and Q Meter 411-412 
Lecher-Wire Systems 369-370,394 
Monitors  414 
Multimeters  402 
Multi-Range V-O-M 401-402 
Neon-Tube Parts Checker 409-410 
Ohmmeters  407 
Oscilloscopes 405-406 
R F  403 

194 Reactance Meter  407 
61 Vacuum-Tube Voltmeters 403-404 
54 Voltmeters 36,401-403 

86-87,100-101 Insulators  20 
54,195 Interelectrode Capacities  59 
187-188 Intermediate Frequency 143,147-148 

54 Intermediate Frequency Amplifiers 130,147-150 
98,187-188 Intermediate Frequency Noise Silencer  154 

75,82 Intermediate Frequency Test Oscillator  413 
171 Intermediate-Frequency Transformers  148 
137 Intermunicipal Agreements, WERS  336 
138 International Amateur Radio Union  11 
13 Interpolation, Frequency 399-400 

138 Interruption Frequency 136-137 
74 Interstage Coupling 87-88 
32 Interstage Transformers, I.F. 148 
31 Inverse Peak Voltage  161 
178 Inversion, Temperature  176 

394-396 Inverted Amplifier 92-98 
130 Inversion, Phase  116 
39 Ionization 23,177 

143,145-146 Ionosphere 173-174 
53 Ions  23 
103 Iron-Vane Meters  402 



153-154 Envelope 117-119 
Line-of-Sight Transmission  
Line Voltage Adjustment  
Linear Amplifiers  
Linear Antenna Transformers  
Linear Circuits  
Linear Circuit Design 422:423 
Linear Sweep 79-80,405 
Linear Transformers 184,193-194 

105,106,110,119-120,123,131 
20,27 

Lines, Resonant 54-55 
Lines, Two-Conductor 101-102 

50,88,187 
Lissajou's Figures  400 
Load 20,44,57,59,161 
Load Impedance 59,93 
Local Oscillator (Receiver)  
Locking 143,145-146 

77 
Log Books  476 

194-196,199-201 
54 
50 Multi-Element Tubes 

138-139 Multi-Hop Transmission  
39 Multimeters  
112 Multi-Purpose Tubes  

52-53 Multiples and Sub-Multiples  

J Antenna  
Joule  

Key Chirps  
Key Clicks  
Key, How to Use  
Keying: 

Back Wave  
Break-In  
Key-Click Reduction  
Methods: 
Cathode or Center-Tap  
Blocked Grid  
Grid-Controlled Rectifier  
Plate  
Power-Supply  
Primary  
Screen Grid  
Suppressor Grid  
Tube Keyer  
Waveform  

Monitoring  
Oscillator Keying  
Parasitic Clicks  

Kilocycle  
Kilohm  
Kilovolt  
Kilowatt  
Kilowatt-Hour  
Kinescopes (Table)  

L.C. and Q Meter  
L/C Ratios  
LD-Cut Crystals  
L-Section Filters  
Lag Circuits  
Lag, Current  
Lag, Keying  
Land Line Check  
Laws Concerning Amateur Operation 
Layer Height  
Lazy H Antenna  
Lead, Current  
Lead Storage Battery  
Leakage, Checking Condenser  
Leakage Reactance  
Learning the Radiotelegraph Code 
Lecher Wires 
Length, Units of  
Lenz's Law 
License Manual, The Radio Amateur's  
Licenses, Amateur 
Licenses, WERS  
Lightning Protection  
Limiter  
Limiting, Audio  
Limiting (Noise) Circuits  
Limiting Resistor 

PAGE 
PAGE 

208 Matching Impedances  45 
32 Materials  418 

Maximum Current Value  37 
128 Measurements: 

125,128 Antenna 415-416 
17-18 Capacity 407-408 

Current 36,42,401-403 
125 Frequency 392-400 
126 Gain 406 
128 Impedance   406 

Inductance 407-408,411-412 
127 Modulation 117-120,414 
127 Power 36,402-403 
127 Q 411-412 
126 Receivers  413 
127 Resistance 407,409-410 
127 Transmitters  414 
127 Tubes  416 
127 Turns Ratios  406 
272 Voltage 36,392-404,406 
125 W WV Schedules  392 
129 Measuring Instruments 36,42,383-416 
129 Medium Frequencies  39 
128 Megacycle  37 
37 Megohm  32 
32 Memorizing the Code 15-17 
32 Mercury Vapor Rectifiers 72,161-162 
32 Message Handling  475 
32 Metal, Cleaning and Finishing  

456-457 Metal Gauges  420 
429 

Metals, Relative Conductivity of  428 
  31 Meter-Shunt Design  401 
411-412 Meters (see "Instruments") 

49,76,94 Metric Prefixes  429 
84 Mho  33 
53 Microammeters  36 
128 Microampere  32 

37-42 Microfarad and Micromicrofarad  22 
125 Microhenry  31 

475-476 Micromho  58 
 477-478 Microphones 112-114 
173-174 Microvolt 32 

18 Modulation: 
18 Adjustments and Testing 117-124,414 

380 Capabilit   105 

153 Characteristic  105 

Linearity  
Lines of Force  

Link Coupling  

Long-Wire Antennas  
Loops  
Loose Coupling  
Loudspeakers  
Low Frequencies 
Low-Level Modulators  
Low-Pass Filters  
Low-Power Transmitters (see " Transmitters") 
Lumped-Constant Circuits  

Magic-Eye (Electron-Ray) Tubes  
Magnetic Feed-Back  
Magnetic Field  
Magnetic Headphones  
Magnetic Induction  
Magnetic Storms  
Magnetism  
Magnetomotive orce  
Manual, The Radio Amateur's License  
Masts  

369-370,394 Millivolt 

335-336 Amplitude Modulation 104-106 

203 Microwatt  32 
37-38 Microwave Oscillators 326-329 

26 Military Zones  385 
408 Milliammeters  36 
44 Milliampere  32 
16 Millihenry  31 

429 Milliwatt   32 
30 Mixers 143-145 

159 Cathode Modulation 109-110 

32 

166 Frequency Modulation 104,122-124 
176 Grid-Bias Modulation 107-109 
171 Impedance 106,110 
68 Linearity 105,106,110,119-120,123 

184,193-194 Measurements  
53 54 101 Methods 117-122,124,414 

104,123-124 
Percentage 104-105,117-119 
Plate Modulation  
Power 106-107 

105 
Modulation Index   122 
Modulator Data 284-285 
Modulators 110-112,276-286,341-344 
Molecular Friction  20 
Molecules  19 
Monitors 119,129,414 
Monoscopes (Table)  472 
Motorboating 115,158 
Mounting Crystals  84 
Moving Coil Meters 36,401 
Moving Iron Vane Meters  402 
Mu  57 
Multi-Band Antennas 196-199 

69-71 
175 
402 

71-72 
429 

Multipliers, Frequency 81,100-101 
103 Multipliers, Voltmeter  

Multivibrator 36,401-403 
77,397 

152 Mush  158 
75 Mutual Conductance  58 

27-29 Mutual Inductance  31 
138 
28 Naval Reserve  12 
174 Negative Charges  20 

27-29 Negative Resistance  74 
29 Negative-Resistance Oscillators  77 
18 Neon-Tube Parts Checker 409-410 

377-379 Net Operation  477 
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Neutralization 89-92 
Neutralizing Bridge Circuits 
Neutralizing Condensers 
Nodes  54 
Noise 117,121,140.153 
Noise Ratio 131,140,152 
Noise Reduction 153-154 
Non-Resonant Lines 185,190-194 
Non-Synchronous Vibrators  171 
No Signal Current  404 
Nucleus  19 
Numbering Messages  475 
Numerical Values (Table)  431 

Office of Civilian Defense  330 
Ohm  32 
Ohm's Law  32 
Ohm's Law for A.0 39-42 
Ohmmeters  407 
Open Circuit  20 
Open-Wire Line 182,188 
Operating Angle, Amplifier 93,100-101 
Operating Point  59 
Operating Procedure, General 473-476 
Operating Procedure. WERS 334-335 
. Operator's License, Amateur  18 
Operators, WERS 333-334 
Originating Messages  475 
Oscillating Detector 134-137 
Oscillation 47,70,74-75 
Oscillator Keying  
Oscillators 74-77,82-86,99-103,145-146,150 
Oscilloscopes 79-80,117-120,405-406 
Output Capacity, Tube  59 
Output Limiting  117 
Output Power 66,76 
Output Transformer  66 
Output Voltage 66.111,165 
Overraodulation  105 414 

P 
Padding Condenser  
Parallel Amplifiers  
Parallel Antenna Tuning  
Parallel Capacities 
Parallel Circuits 34-35,46-47 
Parallel Feed 75-76 
Parallel Impedance 40-41,48 
Parallel Inductances 35 
Parallel Resistances  34 
Parallel Resonance  46 
Parallel Tuning  187 
Parasitic Elements 205-207 
Parasitic Oscillations 99-100 
Pass Band  53 
Patterns, Oscilloscope  79 
Patterns, Radiation 181,196 
Peak Current Value 37 
Peak Diode Voltmeter  404 
Peak Plate Current  161 
Peak Voltage Rating  95 
Pentagrid Converters 144-145 
Pentode Amplifiers 88-89 
Pentode Crystal Oscillators  85 
Pentodes  
Percentage of Modulation 104-105,117-119 
Period   37 Permeability 29 

. Persistence, Screen   78 
Personnel, WERS 333-334 
Phase 37,38 
Phase Angle  38 
Phase Difference  38 
Phase Inversion  116 
Phase Modulation  104 
Phase Relations, Amplifiers  64 
Phased Antennas 201-204 
Phasing Control 149-150 
'Phone (see "Radiotelephony") 
Photometric Power Measurementa  403 
Piano Frequencies  400 
Pick-Up Coil  185 
Pi-Section Antenna Couplers 185,264 
Pi-Section Filters 53,185 
Pierce Oscillator  86 
Piezoelectricity   49 
Piezoelectric Crystals 83-84 
Piezoelectric Microphone  113 
Plate 24,56 

Plate-Cathode Capacity  59 
Plate Current  56 
Plate Current Shift 120-121 
Plate Detectors  133 
Plate Dissipation  59 
Plate Efficiency 86,76 
Plate Keying  126 
Plate Load Resistance 57-58 

Overmodulation Indicators 

218 
223 

 243-244 
359 

2480-2025-Volt 450-Ma. Plate Supply 
Dry Batteries  
Dynamotars  
Dynamotors (Table)  
Genemotors  
Generators, Gas-Driven (Table)  
Plate Supplies 
Portable  
Principles 
Storage Batteries  , 005 
Transformers. Rewinding for Vibrator Supplies 363-365 
Vibrapack  359 
Vibrators 171,359,365-366 
Vibrator Supplies (Table)  361 
WERS 358-366 

Preferred Vacuum-Tube List, Army-Navy  433 
70-71 Prefixes, Metric  429 Preselection 152-153 

Preselectors (see " Receivers") 
Primary 43,49 

Primary Cells   25 
Primary Coil  43 
Primary Keying  127 
Propagation, Wave 172-177 
Protective Bias 167-168 
Pulleys, Antenna  379 
Pulling  144 
Pulsating Current  55 
Pure D.0   161 
Push-Back Wire  420 
Push-Pull Amplifiers  67 
Push-Pull Neutralization  91 100 

PAGE 

Plate Modulation 106-107 

53 Plate Neutralization 89-90 
91 Plate Resistance 57-58 

Plate Supply 161,169-170 
Plate Transformer 165-166 
Plate Tuning, Power Amplifier 96-97 
Plates, Deflection  78 

on 22,25,172,17 Polarity 20,21 Polarizati8,180 
Pole  20 
Positive Charges  20 Pot Oscillator  103 
Potential Difference  21 
Potentiometers 34,35 
Power  32 
Power Amplification 65-67 
Power Amplifiers, Receiver  138 
Power Factor  42 
Power Gain, Antenna  178 
Power Input 64-65 
Power Measurement 36,403 
Power Output 66,76,97-98 
Power Sensitivity  67 
Power-Supply Keying  127 
Power Supplies: 

A.C.-D C 169-170 
A.C.-D.C. Converters  359 
Battery Service Hours (Table)  360 
Bias Supplies 167-168,243-244,248 
Combination A.C.-Storage Battery Supplies...362-363 

129 Constructional: 
100-Volt Bias Supply  248 
200-Volt 70-Ma. Combination A.C. or Storage 

Battery Supply 365-366 
250-Volt 40-Ma. Receiver Supply 
250-Volt 80-Ma. Receiver Supply 
300-Volt 75-Ma. Bias Supply 
300-Volt 100-Ma. Plate Supply  
300-Volt 100-Ma. Vibrator Storage-Battery 

Supply  362 
300-Volt 100-Ma. Combination A.C. or Stor-

32 age Battery Supply 362-363 
142 350-Volt 100-Ma. Voltage-Regulated Supply.. 254 
67 450-Volt 130-Ma. Plate Supply  226 
187 560-450-Volt 200-Ma. Plate Supply  232 
35 780-620-Volt 260-Ma. Plate Supply 243-244 

1000-400-Volt 125-150-Ma. Dual Supply  266 
1250-1060-830-Volt 250-Ma. Plate Supply  237 
1500-1250-Volt 425-Ma. Plate Supply  247 

  270 
25,358-359 

359 
361 
359 
360 

169-170 
358-359 

 161-171 
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R.M.S. Current Value  
32 Relaxation Oscillator 
37 Relay, Keying  

Rack Construction 272-273 Reluctance 
Radian  43 
Radiation  54 
Radiation Angle 174,178,180 
Radiation Characteristics  
Radiation Field  
Radiation Patterns 181,196 
Radiation Resistance 54,179-180,195 
Radiator (see "Antennas") 
Radio Aide, WERS 330,331 
Radio Amateur's License M anual, The  
Radio and Electrical Units  
Radio Frequency  
Radio-Frequency Amplification 69-70 
Radio-Frequency Amplifiers (Receivers) 139-141 
Radio-Frequency Choke Coil 
Radio-Frequency Power-Amplifier Circuits  88-93 
Radio-Frequency Power Am plifiers (see "Transmit-

ters ') 
Radio-Frequency Power Generation 81-103 
Radio-Frequency Resistance  47 
Radiotelegraph Operating Procedure 473-476 
Radiotelephony: 

Adjustments and Testing 117-124 
Class-B Modulators 110-112,281,285-286 
Class-B Modulators (Table) 284-285 
Constructional: 
2-Watt 6V6/6F6 Transceiver M odulator 354-356 
5-Watt Class-A 6L6 Modulator  344 
6-Watt P.P. 2A3 Speech-Amplifier and Driver 

with Volume Com )ression 280-281 
8-Watt Y7G Class- Modulator 323-325 
10-Watt Class-B 6A6 Modulator 276-278 
10-Watt Class-B 6N7 Modulator  
10-Watt 6N7 WERS Modulator 309-311 343-344 
20-Watt 6L6 Speech Amplifier/Modulator . .278-279 
40-Watt 6L6 Speech Amplifier/Modulator. .279-280 
P.m. Modulator-Oscillators  316-318 

Measurements  414 
Microphones 112-113 
Modulation  
Monitors 104-112 

414 
Operating Procedure  
Principles 476-477 

104124 - Reception  156 
Resistance-Coupled Speech Amplifier Data 115,282-283 
Speech Amplifiers 114-117 

Radio Waves  172 
Range, V.H  F   176 
Range vs. Height  176 
Ratio Arms  53 
Ratio, Impedance  44 
Ratio, Turna  43 
Ray, Direct and Reflected  
Reactance  175 
Reactance, Capacitive 39, 44(0) 
Reactance Chart  432 
Reactance, Inductive 39,40 
Reactance, Leakage  44 
Reactance Meter  407 
Reactance M odulator 123-124 
Reactance of Transmission Lines, Computing  423 
Readability Scale  480 
Receivers: 

Antennas for  209 
Constructional: 

1-Tube 2-Stage Regenerative (6C8G) 210-212 
2-Tube Superheterodyne (6K8-6C8G) 212-215 
3-Tube Wide-Range Superheterodyne 215-219 
7-Tube Regenerative S.S. Superheterodyne 219-223 

. Regenerative Pre-Selector 223-224 

ivers") (See also " Very-High Frequencies —  Rece Measurements 413 

Principles and Design 130-160 
Test Equipment  413 

Receiving-Tube Classification Chart  34 
4 Rectification  56 

Rectifier Circuits  162 

Rectifiers 56,72,161-162 
Rectifiers (Table) 458-459 
Reflected Impedance  44 
Reflected Waves 53-54 
Reflection of Radio W aves 172,173-174,179 
Reflector  205 
Reflex Voltmeter  404 
Refraction of Radio W aves 12,173 

7 Regeneration  65 
Regeneration Control  134 
Regenerative Detectors 134-137 
Regenerative 1.F  149 
Regenerative Receivers  130 
Regulation, Voltage  161.166-167 
Regulations, Amateur 477-478 
Regulations, WERS 373-376 
Regulator Tubes  166 
Regulator, Voltage 166-167 

Selectivity 
Selectivity Control  
Self-Bias  150 

73-74 Self-Controlled Oscillators  
Self-Induction 82-83 

30 Self-Oscillat ion  -75 
74 Self-Quenching  137 

Sending Code 17-18 
Sending-End Im pedance 

Computing  423 Sensitivity, Microphone  
Sensitivity, Receiver  112 

130 Separators, Battery  26 
Series Antenna Tuning  186 
Series Capacities  35 
Series Circuits 34-35 
Series Feed  

75-76 Series Inductances  35 

Series Resistances  34 
Series Resonance  46 

475 
156-158,413 

47 
Sheet Metal Working 419-420 
Shielding 52,98,122,139 
Shielding, Effect on Coil Inductance  
Shields, Baffle  426 

52 Shields, Electrostatic  98 
Short-Wave Receivers (see "Receivers ") 
Shot Noise  

153 Shunts, Meter 36,401 
Sidebands  
Signal  
Signal Generators  413 
Signal-Handling Capability  131 
Signal to Image Ratio  143 
Signal-Noise Ratio 131,140,152 
Signal-Strength Indicators 151-152 
Signal-Strength Scale  480 
Silencers, Noise  
Sine Curve 153-154 

37 

Sector Warden Sub-Net, WE 

1 Repulsion  
Resistance 20,28 

32,33 Resistance-Capacity Filter  53 
Resistance-Capacity Time Constant 35-36 
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77 
126 
29 

384 Resistance-Coupled Amplifier Data (Chart) ...115,282-283 
Resistance-Coupled Amplifiers 61-62 
Resistance-Coupled Audio Am plifiers 114-115 
Resistance Coupling 49,114-115 
Resistance Measurement 407-408,409-410 

18 Resistance, Nega tive  74 
430 Resistance of Transmission Lines, Computing 422-423 
39 Resistance, Radiation  54 

Resistance, R.F.  47 
Resistance, Tube Input 140-141 

55 Resistances in Series and Parallel  34 
Resistor  

33 Resistor Color Code  428 Resonance  46 
Resonance Curve  131 
Resonance, Harmonic  54 
Resonance of Transmission Linea, Computing  423 
Resonance, Sharpness of  47 
Resonant Circuits  
Resonant Frequency 46-49 

46 Resonant Impedance  48 
ResonLine CircuitsCircus 54-55 
Resonant Transmission Lines 185,188-190 
Response, Frequency 61,112 
Return Trace 7980 

- Reversal. Phase  64 
R.F. Instruments  403 
Rhombic Antenna  
Ribbon Microphones 200-201 

113 Ripple Voltage  163 
Rochelle Salts Crystals  113 
Root-Mean-Square Value  37 
Rotary Antennas 205-206,381-382 

S Meters  
151-152 S Scale  

480 Saturation Point 56 
Sawtooth Wave  79 
Schematic Symbols  
Screen Grid Frontispiece 

70 Screen-Grid Keying  
Screens, Fluorescent  127 

78 Seasonal Effects  174 
Second Detector  
Secondary 143,150,153-154 
Secondary Cells 43-45 

25 Secondary Coil  43 
Secondary Emission  70 
Section Communications Manners  477 

333 
47,131,148 

Service Message  
Servicing Receiver 
Sharpness of Resonance  
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Sine Wave  37 
Single-Signal Effect  147 
Single-Signal Reception  149 
Single-Wire Feed 182, 190-191 
Skin Effect  47 
Skip Distance  174 
Skip Zone  174 
Sky Wave 172, 174-175 
Slide-Back Voltmeter  404 
Smoothing Choke  165 
Socket Connections (Diagrams) 437-442 
Solar Cycle  174 
Soldering  421 
Space Charge  56 
Spectrum, A.0  39 
Spectrum, Triangular  122 
Speech Amplifiers 114-117, 279-280 
Speech Amplifier Design Charts 114, 279-280 
Speech Waves  106 
Sporadic-E Ionization  177 
Spreaders, Antenna 182,377 
Spurious Sidebands 105-106, 121 
Squegging 146, 158 
Stability, Frequency 96-77, 126 
Stability, Receiver 131, 158 
Stabilization, Voltage 166-167 
Stage Gain  114 
Standards, Frequency 396-399 
Standing Waves 53, 54 
Standing-Wave Ratio 183-184 
Starting Voltage  166 
State Guard WERS Stations  330, 336--337 
Static Characteristics  58 
Static Charge 19-20 
Static Electricity 20-21 
Station Control Circuits 274-275 
Storage Batteries 26, 359 
Stub Antenna Matching 193-194 
Subcontrol Centers, WERS  331 
Substitution  403 
Substitution Measurements  408 
Sunspot Cycle  174 
Super-Control Tubes  71 
Superheterodyne 130, 143-144 
Superimposed Currents  55 
Superhigh Frequencies  39 
Superregeneratron 136-137 
Superregenerative Detectors 130, 136-137 
Superregenerative Receivers 130, 296-298, 345-348 
Suppression, Harmonic  98 
Suppressor Grid  70 
Suppressor-Grid Keying  127 
Suppressor-Grid Modulation  109 
Suppressor, Noise 153-154 
Surge Impedance 183, 193, 422 
Sweep  79 
Sweep Circuits 80, 405-406 
Swing, Grid  59 
Swinging Choke  165 
Switching, Antenna  380 
Switching, Control Systems 274-275, 380 
Symbols, Electrical  430 
Symbols, Schematic Frontispiece 
Symbols, Vacuum Tube  431 
Synchronization  80 
Synchronous Vibrators  171 

Tables (see "Charts and Tables") 
Talking Level, Microphone  112 
'rank Circuit 76, 83,94 
Tank Circuit Q 83, 94-95 
'rank Constants  95 
Taps  419 
'rapped Circuit  45 
Temperature Coefficient of Crystals  84 
'remperature Coefficient of Resistance 33, 401 
Temperature Inversion  176 
Termination, Line 183-184 
Tertiary Winding  148 
'rest Equipment 401-416 
'l'est Oscillator  413 
Tetrode Amplifiers 88-89 
Tetrode Crystal Oscillators  85 
Tetrodes  70 
Thermal Agitation  140 
Thermionic Conduction  24 
Thermionic Emission  24 
Thermocouple Ammeters 42, 402-403 
Thickness of Crystals  84 
Threads, Cutting  419 
Threshold Control  154 
Thump Filters  128 
Tickler  75 
Tight Coupling  50 
Time Constant 35, 36, 151 
Time Systems  476 
Tone Control  138 
Tools  417 
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Trace, Cathode-Ray 79-80 
Tracking  146 
Trans-Atlantic Tests  10 
Transceivers 354-358 
Transconductance, Grid-Plate  58 
Transformer Color Codes  428 
Transformer-Coupled Amplifiers 63-64 
Transformer Coupling 50, 106, 116 
Transformer, Delta-Matching 192-193 
Transformer Design 165-166 
Transformer, " Q "-Section  193 
Transformerless Power Supplies  169 
Transformers 42-45 
Transformers, I  F   148 
Transformers, Linear 184, 193-194 
Transformers, Plate 165-166 
Transformers, Rewinding for Vibrator Supplies 363-365 
Transformers, Triple-Tuned   18 
Transmission Lines 182-194, 366-367, 379 
Transmission-Line Constants  422 
Transmission Line Coupling 185-188 
Transmission-Line Resonators 422-423 
Transmitters: 

Antenna Coupling 185-188 
Antenna Switching 380-381 
Antenna Tuners (see " Antennas ' ) 
Constructional: 
Complete Transmitter Assemblies: 

15-25-Watt 6L6 All-Band  227 
45-Watt Two-Stage C.W. With 6L6s 228-230 
70-Watt Input 3-Band With 815 Final 231-233 
75-Watt Multi-Band With 807 Final 243-244 
75-Watt All-Band With 807 Final  261 
90-Watt C.W. With P.P. 6L6s 234-235 
100-Watt 5-Band With 1623 Final  267 
200-Watt Two-Band 6L6-HY67 236-238 
200-Watt Two-Band 6L6-809s P.P 238-240 
400-Watt Compact Transmitter  264 
450-Watt Band-Switching Transmitter .  249 
450-Watt Variable-Frequency Gang-Tuned  259 
500-Watt Single-Ended Transmitter  271 
1-Kw. Push-Pull Final Transmitter  271 

Exciters or Low-Power Transmitters: 
Variable-Frequency Exciter 250-254 
15-Watt Output 6L6 Bread-Board  225-226 
30-Watt Output 6L6-6L6 4-Band 228-230 
40-Watt Output 6L6-815 3-Band 231-233 
50-Watt Output 6L6-807 Plug-In Coil 259-261 
50-Watt Output 6C5-6N7-Band-Switching 

241-243 
60-Watt Output 6L6-6L6s P.P 234-235 
100-Watt Output 6L6-1IY65-1623 265-267 
150-Watt Output 6L6-HY67 236-237 
150-Watt Output 6L6-809s P.P 238-240 

Power Amplifiers: 
450-Watt Input Push-Pull 262-263 
450-Watt Band-Switching Push-Pull 245-247 
450-Watt Gang-Tuned Push-Pull  . 256-257 
500-Watt Single-Ended  268 
1-Kw, Push-Pull 268-271 

(See also "Very-High Frequencies - Transmitters") 
Control Circuits 274-275 
Keying (see " Keying") 
Measurements  414 
Metering  274 
Modulation (see "Modulation" and " Radio-

telephony ") 
Power Supply (see " Power Supplies") 
Principles and Design 81-103 
Rack Construction 272-273 
Vacuum-Tube Key er  272 

Trapezoidal Pattern 117-119 
Triangular Spectrum  122 
Triggering Voltage  80 
Trimmer Condenser   142 
Triodes 56-59 
Triode Crystal Oscillators  85 
Tri-Part Plan, WERS  332 
Triple-Tuned Transformers  148 
Tri-Tet Oscillator  86 
Troposphere Refraction  176 
Trouble Shooting (Receivers) 156-158, 413 
Trough-Line Oscillator  103 
Tube Checking  416 
Tube Classification Charts 433,434 
Tube Keyer 128, 272 
Tube Noise  140 
Tube Ratings  59 
Tubes (see " Vacuum Tubes") 
Tuned Circuits 46-47 
Tuned-Grid Tuned-Plate Circuit  75 
Tuned R.F. Receiver  130 
Tuning Indicators 151-152 
Tuning Receivers 136, 140-142, 155, 160 
Tuning Transmitters 83, 85, 87, 96-98 
Turns Ratio  43 
Twisted Pair Feed 182, 191-192 
Two-Conductor Line 101-102, 188 



Vacuum-Tube Classification Chart, Receiving  
Vacuum-Tube Index  
Vacuum-Tube Testing  
Vacuum-Tube Socket Connections 
Vacuum-Tube Symbols  
Vacuum-Tube Tables: 

Army-Navy Preferred List  433 
Cathode-Ray Tubes 456-457 
Receiving 443-455 
Rectifiers 458-459 
Transmitting 460-472 
Values, Numerical (Table)  431 

Vacuum-Tube Voltmeters 36,401-403 
Variable-p Tubes  71 
Variable Selectivity  150 
Velocity, Angular  37 
Velocity Microphone  
Velocity of Radio Waves 
Very-High Frequencies: 

Antenna Systems: 
Coaxial Antenna  208 
Constructional 366-368,382-383 
Corner Reflector Antenna 208-209 
Directive Arrays 199-207,383 
Field-Strength Meters 329,415-416 
Folded Dipole 208,367 
J Antenna 208,368 
Mobile Antennas 367-368,383 
Polarizat ion 
Propagation  
Radiation Patterns  
Transmission Lines 182-194,366-367 

Development 11-12 
Constructional: 

Receivers: 
224- & 112-Mc. Superregenerative 296-298 
112-Mc. Mobile Superregenerative 303-305 
112-Mc. Simple Superregenerative 345-347 
112-Mc. Superheterodyne 348-351 
112-Me. Superregenerative with Built-In 
Speaker 347-348 

112-Mc. T.R.F. Superregenerative 298-299 
F.M. I.F. Amplifier 300-303 

Converters: 
112- & 56-Me. 9000-Tube Converter 288-291 
112- & 56-Mc. 1232-7A4 Converter  291-294 
56-Mc. 1852-6K8 Converter 294-296 

Transceivers: 
112-Mc. WERS Transceiver 354-356 

Transmitters: 
700-750 Mc. Acorn-Tube Oscillator 326-329 
400-Mc. Aco-n-Tube Oscillator 326-329 
224-Mc. HY75 Oscillator 325-326 
112-Me. 815 Oscillator 322-323 
112-Me. Pl'. T-40 Oscillator 321-322 
- c. .. 7A4 Transmitter  -320 

112-Mc. 15-Watt Mobile Transmitter .  323-325 
112-Mc High-C 6V6GT Transmitter 341-343 
112-56-28-Mc. 60-Watt 815 Transmitter.  312-314 
10-Watt 56-Mc. 6A6 Transmitter 306-309 
I2-Watt 56-Mc. Mobile Transmitter 309-311 
300-Watt 56-Mc. P.P. 35T Amplifier . . .  314-316 
F.M. Modulator-Oscillator 316-317 
F.M. 7-Watt 56-Mc. Transmitter 318-319 

Very Low Frequency  39 
Vibrapack  359 
Vibrator Power Supplies  171 
Vibrator Power Supplies (Table)  361 
Vibrators 171,359,365-366 
Virtual Height  173 
Voice Coil  139 
Volt  21 
Volt-Amperes 42,166 
Voltage Amplification  60 
Voltage Amplifier Data  
Voltage Dividers  282-283 
Voltage Drop 34,35,169 

34,48,161 
Voltage-Doubling Circuits  170 
Voltage Feed for Antennas 181,182 
Voltage Measurement 36,401-404 
Voltage Ratio, Transformer  43 
Voltage Regulation  161 

PAGE 
Ultrahigh Frequencies  39 
(See also " Very-High Frequencies") 
Ultraudion Circuit  75 
Upward Modulation  121 

V Antennas 199-200 
V-Cut Crystals  84 
Vacuum Tubes 24,56-80 

434 
435-437 

416 
437-442 

431 

113 
54 

172,178,180,366 
172-177 
181,196 

Voltage, Ripple  PAGE 163 
Voltage Rise  48 
Voltage-Stabilized Power Supplies 166-168 
Voltmeters 36,401-403 
Volume Compression 280-281 
Volume Control 116,151-152 

W1AW-WLMK, ARRL Hq. Station  14 
W1INF  14 
W1MK  14 
WAC Certificates  11 
War Emergency Radio Service: 

ARP Services  331 
Air-Raid Warning District  331 
Army-Navy Phonetic Word List  335 
Call Letters  330 
Citizens Defense Corps  330 
Civil Air Patrol Stations 330,337 
Communications Officer  330 
District Warning Center  331 
District Radio Aide 331-332 
Equipment: 
Antenna Systems 366-369 
Frequency Measurement 369-372 
Frequency Stability  337 
Modulators 341-344 
Power Supply  
Receivers 358-366 

345-354 
Requirements 337-341 
Standardized-Unit Interconnection Plan .. -340-341 
Transceivers 354-358 
Transmitters 341-344 
Unit-Style Complete Station 341-344 

Equipment-Loan Agreement  336 
Facilities  
Frequency Allocations 331-332 332-333 
Intermunicipal Agreement   336 
Licensing Data  
Limited Transmission Order 335-336 334 
Office of Civilian Defense  330 
Operating Procedure  
Operators 334-335 

333-334 
Personnel 333-334 
Radio Aide  
Regulations, FCC 330,331 

373-376 
Sector Warden Subnet  333 
State Guard Stations 330,336-337 
Subcontrol Center  331 
Tri-Part Plan  332 
Wardens, Communications for 334-335 

Wardens, WERS Communications for 334-335 
Watt  32 
Watt-Hour  32 
Wattmeter  3î 
Wave Angle 174,177 
Wave Envelope Pattern 117-119 
Wave, Ground  
Wave Propagation 11772217737 
Wave Sine  37 
Wave, Sky 172,174-175 
Waveform  
Wavelength 
Wavelength-Frequency Conversion  54 
Wavelength Performance  15 
Wavelengths, Amateur 14-15 
Wavemeter (see Frequency Meters") 
Waveshape. . . 37,61,79-80,105,117-121,125,162,405-406 
WERS Plan 331-332 
Western Union Word List  476 
Wheatstone Bridge 53,407 
Winding Coils    421 
Wire Table  427 
Wired Wireless (see "Carrier-Current Communication") 
Wiring Apparatus 420-421 
Wiring, Current Capacity  428 
Wiring Diagrams, Symbols for Fronlispiece 
Word Lists for Accurate Transmission 335,476 
Working Voltage  163 
Workshop Practice  
WWV Schedules 417-421 392 

37,117-121,125 
54 

X-Cut Crystals 

Y-Cut Crystals  84 

39 
84 

41 
Zero Beat  136 
Zero-Beat Indicators  400 
Zepp Feed for Antennas  188 




