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FOREWORTD

0VER half a million copies of The
Radio Amateur’s Handbook have been dis-
tributed to members of the amateur fraternity
since the first presentation of the book in 1926.
Being devoted to as fast-moving and progres-
sive a science as high-frequency communica-
tion, it is only natural that throughout its
eminently successful life the Handbook should
have been treated to sweeping and virtually
continuous modification. Since the beginning, a
strenuous attempt has been made to keep the
book as up-to-date, accurate and reliable as is
humanly possible. Every effort has been made
to restrict the material to the treatment of
modern, sound and well-tried practice. Having
always had somewhat the character of an an-
nual review of time-tried and proven methods
in apparatus construction and operation, the
Handbook has never provided a place for freaky
circuits or methods. As any practicing amateur
is well aware, there is an almost infinite number
of different ways of accomplishing a given
result in his station — some good, some poor
and many indifferent. Because of this, the
editorial work has been basically that of
selection. It has been necessary to eliminate
from the enormous wealth of ideas on tech-
nique, methods and procedure, all those which
have not proved themselves by successful ap-
plication in practice.

The history of the Handbook has been one
of continuous growth. It had its modest begin-
ningin 1925 when Mr. F. E. Handy, the League
communications manager, began work on a
manual of amateur operating procedure in
which it was considered desirable to include a
certain amount of technical information. It
was published in 1926 and enjoyed immediate
success. Mr. Handy revised several successive
additions but the rapid progress of the art soon
demanded an order of revision which could
more correctly be described as rewriting. With
the fourth edition in 1928, Mr. Handy was
joined in this duty by Mr. Ross A. Hull, the
late editor of QST, who was directing the
technical development program which the
A.R.R.L. was then conducting for the special
purpose of designing new apparatus and new

methods which would mecet the difficulties
imposed upon amateur radio by the provisions
of the new international radio treaty to take
effect in 1929. Three editions came under this
joint authorship. By that time, extremely
rapid technical progress was upon us and it
became apparent that the Handbook, to serve
its purpose, demanded a frequent and compre-
hensive rewriting of its entire technical mate-
rial. It was therefore but natural that, with the
preparation of the seventh edition in 1930, the
technical chapters should be given into the
hands of the many technically-skilled special-
ists comprising the headquarters staff of the
League. Since that time the publication has
been an annual family affair, the joint product
of the headquarters staff, prepared under the
editorship of Mr. Hull.

In September of 1938, in the midst of the
preparation of this edition, Mr. Hull met
accidental death when he came in contact
with the high-tension terminals of a plate
power supply in his experimental laboratory.
Thereby amateur radio lost one of its most
brilliant experimenters. His associates have
carried the work of revising this edition to
completion under the administrative editorship
of the undersigned, the League’s secretary. To
the memory of Ross A. Hull, distinguished
amateur, we dedicate this edition.

With a total of nearly thirty printings, the
fame of the Handbook has echoed around the
world; its success has really been inspiring.
Quantity orders have come from many a
foreign land; schools and technical classes have
adopted it as a text; but most important of all
it has become the right-hand guide of practical
amateurs in every country of the globe. This
success derives, in considerable measure, from
the splendid cooperation which we have
always received from practicing amateurs
everywhere. Since the beginning there has
been a continuous inflow of suggestions and
contributions of ideas and material which have
been invaluable in the development of the
Handbook as an authentic treatise on the tech-
nique of to-day.

In this 1939 edition, almost every chapter



has seen comprehensive rewriting. Well over
two hundred new illustrations have been pro-
vided. Several scores of new pieces of apparatus
were especially designed and constructed —
and tested! — for this edition. As usual, the
work has been divided amongst the staff mem-
bers. Mr. Byron Goodman has contributed
a new chapter on elementary radio principles,
while we have retained the more advanced
treatment of definitions, values and simple
computations prepared by Mr. James J. Lamb,
the technical editor of QST. Mr. George
Grammer, QST'’s acting technical editor, is
responsible for the revision of the chapter on
receivers and for the rewriting of the material
on antennas. Messrs. Donald H. Mix and
Thomas M. Ferrill, Jr., of @QST's technical de-
partment, are respectively responsible for the
difficult chapters on transmitters and on radio
telephony, whilst Mr. Mix has also revised the
chapter on workshop practice and Mr. Ferrill
that on power supplies. Mr. Mix has also re-
written the chapter on assembling a station.
The material on vacuum tubes has been
modernized by Mr. Clinton 1. DeSoto, who
also contributes the chapter on instruments
and who has brought up-to-date the first two
chapters of the book, originally from the pen
of Mr. A. L. Budlong. Mr. Goodman has also
revised the chapters on keying and on the
important topic of emergency equipment,
whilst Mr. Handy, our communications man-
ager, has revised those dealing with the
A.R.R.L. Communications Department, on
operating a station and on message handling.
The two chapters on ultra-high frequency
working were originally intended to be pre-
pared by Mr. Hull, this being a field in which
he was especially interested and qualified. A

considerable quantity of the new u.h.f. appara-
tus in these chapters had been built or outlined
by him before his death. The present revision
of these chapters is by Mr. Vernon Chambers,
Mr. Hull’s laboratory assistant and associate
in this work. The actual editorial production
of this book has heen in the competent hands
of Mr. Clark C. Rodimon, QST’s managing
editor.

A feature of the FHandbook which has been
growing steadily in importance is the quite
extensive catalog advertising. It is, perhaps,
unconventional to make any editorial reference
to the very existence of advertising, but this
case we believe to be different. To be truly
comprehensive as a handbook — to fill all the
functions one visualizes with the word ‘““hand-
book’ — this book must bring the reader data
and specifications on the manufactured prod-
ucts which are the raw material of amateur
radio. Our advertisers have collaborated with
us in this purpose by presenting here not mere
advertising but catalog technical data. The
amateur constructor and experimenter should
find it convenient to possess in such juxta-
position both the constructional guidance he
seeks and the needed data on available equip-
ment. Both are necessary ingredients of the
complete standard manual of amateur high-
frequency communication.

It is natural that we shall all feel very happy
if the present edition brings as much assistance
and inspiration to the amateurs and would-be
amateurs as have its predecessors.

KENNETH B. WARNER
Managing Secretary, A.R.R.L.
West Hartford
October, 1938
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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
A.R.R.L. 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 un-
swerving loyalty.

8. The Amateur is Progressive. 11e keeps his station abreast
of science. It is built well and efliciently. Ilis operating
practice is clean and regular.

Ae The Amateur is Friendly. Slow and patient sending
when requested, friendly advice and counsel to the be-
ginner, kindly assistance and codperation for the broadcast
listener; these are marks of the amateur spirit.

&« 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.

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

SIXTEENTH EDITION
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CHAPTER ONE

THE STORY OF AMATEUR RADIO

How It Started — The Part Played by
The A.R.R.L.

AMATEUR radio represents, to some
seventy thousand people, the most satisfying,
most exciting of all hobbies. Over 50,000 of
these enthusiasts are located in the United
States and Canada, for it is this continent
which gave birth to the movement and which,
since the beginning, has represented its strong-
hold.

When radio broadcasting was first intro-
duced to the public some years ago it instantly
caught the fancy of millions of people all over
the world. Why? Because it fired their imagi-
nation — because it thrilled them to tune in on
a program direct from some distant point, to
hear speech and music that was at that mo-
ment being transmitted from a city hundreds
and even thousands of miles away. To be sure
there was also a certain amount of entertain-
ment value, and it is true that as the years
have passed this phase has become paramount
in the minds of most listeners; yet the thrill of
“DX"” is still a major factor in the minds of
hundreds of thousands of people, as witness
the present popularity of international short
wave reception of foreign programs.

That keen satisfaction of hearing a distant
station is basic with the radio amateur but it
has long since been superseded by an even
greater lure, and that is the thrill of talking with
these distant points! On one side of your radio
amateur’s table is his short-wave receiver; on
the other side is his private (and usually home-
made) short-wave transmitter, ready at the
throw of a switch to be used in calling and
‘““working’” other amateurs in the United
States, in Canada, Europe, Australia, every
corner of the globe! Even a low-power trans-
mitter using nothing more ambitious than one
or two receiving-type tubes makes it possible
to develop friendships in every State in the
Union, in dozens of countries abroad. Of course,
it is not to be expected that the first contacts
will necessarily be with foreign amateurs.
Experience in adjusting the simple transmitter,
in using the right frequency band at the right
time of day when foreign stations are on the
air, and practice in operating are necessary
before communication will be enjoyed with

amateurs of other nationalities. But patience
and experience are the sole prerequisites;
neither high power nor expensive equipment
is required.

Nor does the personal enjoyment that comes
from amateur radio constitute its only benefit.
There is the enduring satisfaction that comes
from doing things with the apparatus put to-
gether by one’s own skill. The process of design-
ing and constructing radio equipment develops
real engineering ability. Operating an amateur
station with even the simplest equipment like-
wise develops operating proficiency and skill.
Many an engineer, operator and executive in
the commercial radio field got his practical
background and much of his training from his
amateur work. So, in addition to the advan-
tages of amateur radio as a hobby, the value of
systematic amateur work to a student of al-
most every branch of radio cannot well be
overlooked. An increasing number of radio
services, each expanding in itself, require
additional personnel — technicians, operators,
inspectors, engineers and executives — and in
every field a background of amateur experience
is regarded as valuable.

How did amateur radio start? What develop-
ments have brought it to its present status of a
highly-organized and widespread movement?

Amateur radio started shortly after the late
Guglielmo Marconi had astounded the world
with his first experiments proving that tele-
graph messages actually could be sent between
distant points without wires. Marconi was
probably the first amateur — indeed, the dis-
tinguished inventor so liked to style himself.
But amateur radio as we think of it was born
when private citizens first saw in the new mar-
vel a means for personal communication with
others and set about learning enough of the
new art to build a homemade station. Object:
the fun and enjoyment of ‘‘wireless’’ commu-
nication with a few friends. Urge: the thrill of
DX (one to five miles — maybe!). That was
thirty-odd years ago.

Amateur radio’s subsequent development
may be divided into two periods, the first be-

9
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fore and the sccond after the World War.

Pre-war amatcur radio bore little resem-
blance to the art 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 ¢ven the highest-powered trans-
mitters, under the most favorable conditions,
would be scoffed at by the rankest beginner
today. No United States amateur had ever
heard the signals of a foreign amateur, nor
had any foreigner ever reported hearing an
American. The oceans were a wall of silence,
impenetrable, isolating us from every signal
abroad. Even transcontinental DX had to be
accomplished in relays. “Short waves’ meant
200 meters; the entire wavelength spectrum
below 200 meters was o vast silence — no sig-
nal ever disturbed it. Years were to pass before
its phenomenal possibilitics were to be sus-
pected,

Yet the period was notable for a number of
accomplishments. 1t 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, wave-
length specifications for the various services.
(* Amateurs? — oh, yes — well, stick ’em on
200 meters: it’s no good for anything; they’ll
never get out of their own back yards with it.””)
It saw an increase in the range of amateur
stations to such unhcard-of distances as 500
and, in come cases, even 1,000 miles, with
U. S. amateurs beginning to wonder, just be-
fore the war, if there were 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, it saw relaying developed to a fine art
— and what a priceless accomplishment that
ability turned out to be later when our gov-
ernment suddenly needed dozens and hun-

dreds of skilled operators for war service!
Most important of all, the pre-war period wit-
nessed the birth of the American Radio Relay
League, the amateur organization whose fame
was to travel to all parts of the world and
whose name was to be virtually synonymous
with subsequent amateur progress and short-
wave development. Conceived and formed by
the famous inventor and amateur, the late
Hiram Percy Maxim, it was formally launched
in early 1914 and was just beginning to exert
its full force in amateur activities when this
country declared war on Germany and by that
act sounded the knell for amateur radio for the
next two and one-half years. By presidential
direction every amateur station was disman-
tled. 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.

Few amateurs to-day realize that the war not
only marked the close of the first phase of ama-
teur development but came very near marking
its end for all time. The fate of amateur radio
was in the balance in the days immediately
following declaration of the Armistice, in 1918,
The government, having had a taste of su-
preme authority over all communications in
wartime, was more than half inclined to keep
it;indeed, the war had not been ended a month
before Congress was considering legislation
that would have made it impossible for the
amateur radio of old ever to be resumed. Presi-
dent Maxim rushed to Washington, pleaded,
argued; the bill was defeated. But there was
still no amateur radio; the war ban continued
in effect. Repeated representations to Wash-
ington met only with silence; it was to be
nearly a year before licenses were again to be
issued.

In the meantime, however, there was much
to be done. Three-fourths of the former ama-
teurs had gone to France;
many of them would never

IN 'THE A.R.R.L. HEADQUARTERS LOBBY
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come back. What of those
who had returned? Would
they be interested, now, in
such thingsasamateurradio;
could they be brought back
to help rebuild the League?
Mr. Maxim determined to
find out and called a meet-
ing of such members of the
Board of Directors as hce
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 League, no member-
ship, 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 secrctary,
floated a bond issue among old
League members to obtain money
for immediate 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 licens-
ing was resumed there was a headlong rush to
get back on the air. No doubt about it now —
interest in amateur radio was as great as ever!

From the start, however, it took on new as-
pects. The pressure of war had stimulated
technical development in radio; there were new
types of equipment, principally the vacuum
tube, which was being used for both receivers
and transmitters. Amateurs immediately adapted
the new apparatus to 200-meter work. Ranges
promptly increased; soon it was possible to
bridge the continent with but one intermediate
relay. Shortly thereafter stations on one eoast
were hearing those on the other direct!

These developments had an inevitable result.
Watching DX come to represent 1,000 miles,
then 1,500 and then 2,000, amateurs wondered
about that ole debbil ocean. Could we get
across? We knew now that there were ama-
teurs abroad. We knew, too, that their listen-
ing for our signals was still fruitless, but there
was a justifiable suspicion that their unfamil-
iarity with 200-meter equipment had some-
thing to do with it. So in December, 1921, the
A.R.R.L. sent abroad one of our most prom-
inent amateurs, Paul Godley, with the best
amateur receiving equipment available. Tests
were run, and thirty American amateur sta-
tions were heard in Europe! The news electri-
fied the amateur world. In 1922 another trans-
atlantic test was carried out; this time 315
Ameriean calls were logged by European ama-
teurs, 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 we couldn’t quite make it.
Further increases in power were out of the
question; many amateurs already were using
the legal maximum of one kilowatt. Better re-
ceivers? We already had the superheterodyne;
it didn’t seem possible to make any very great
advance in that direction.

THE STORY OF AMATEUR RADIO

I

IN THE @S7T WORKSHOP

Well, how about trying another wavelength,
then? We couldn’t go up,but we could go down.
What about those wavelengths below 200 me-
ters? The engineering world said they were
worthless — but then, they’d said that about
200 meters, too. There have been many wrong
guesses in history. So in 1922 the technical
editor of QST carried on some tests between
Hartford and Boston on 130 meters. The re-
sults were encouraging. Early in 1923 the
A.R.R.L. sponsored a series of organized tests
on wavelengths down to 90 meters and it was
noted that as the wavelength dropped the
reported results were better. A growing excite-
ment began to filter intoc the amateur ranks.
It began to look as though we’d stumbled on
something!

And indeed we had. For in November, 1923,
after some months of careful preparation, two-
way amateur communication across the Atlan-
tic finally became an actuality when Schnell,
1MO, (now W9UZ) and Reinartz, 1XAM,
(now W1QP) worked for several hours with
8AB, Deloy, in France, all three stations using
a wavelength of about 110 meters!

There was the possibility, of course, that it
was a ‘““freak’’ performance, but any suspicions
in that direction were quickly dispelled when
additional stations dropped down to 100 me-
ters 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-nieter region. Chaos
threatened until the first of a series of radio
conferences partitioned off various bands of
frequencies for all the different services clam-
oring for assignments. Although thought was
still centered in 100 meters, League officials
at the first of these conferences, in 1924, came
to the conclusion that the surface had probably
only been scratched, and wisely obtained
amateur bands not only at 80 meters, but

11
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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 whirl and re-
sponded by enabling two-way communication
with Australia, New Zealand and South Africa.
How about 20? It was given a try-out and
immediately 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 present represents a
period of unparalleled accomplishment. The
short waves proved a veritable gold mine.
Country after country came on the air, until
the confusion became so great that it was neces-
sary to devise a system of international in-
termediates in order to distinguish the nation-
ality of calls, The League began issuing what
are known as WAC certificates to those stations
proving that they had worked all the conti-
nents. Over five thousand such certificates
have been issued. Representatives of the
A.R.R.L. went to Paris and deliberated with
the amateur representatives of twenty-two
other nations. On April 17, 1925, this confer-
ence formed the International Amateur Radio
Union —a federation of national amateur
societies. We have discovered that the ama-
teur as a type is the same the world over.

Nor has experimental development been lost
sight of in the enthusiasm incident to inter-
national amateur communication. The experi-
mentally-minded amateur is constantly at
work conducting tests in new frequency bands,
devising improved apparatus for amateur re-
ceiving and transmitting, learning how to oper-
ate two and three and even four stations where
previously there was room enough for only one.

In particular, the amateur experimenter
presses on to the development of the higher
frequencies represented by the wavelengths
below 20 meters, territory only a short time ago
regarded by even most amateurs as compara-
tively unprofitable operating ground. On ten
meters, experiments sponsored by the A.R.R.L.
in directive transmission resulted in signals
from a Cape Cod station being logged for days
on end in New Zealand and reported in Eng-
land, Canada and many parts of the United
States; a large number of amateurs now devote
a considerable portion of their operating time
to ‘““ten” during certain periods of the year
when conditions are particularly favorable for
this frequency.

The amateur’s experience with five meters is
especially representative of his initiative and
resourcefulness, and his ability to make the
most of what is at hand. In 1924 first amateur

experiments in the vicinity of 56 Mec. indicated
the band to be practically worthless for dis-
tance work; signals at such frequencies ap-
peared capable of being heard only to ‘‘hori-
zon range.” But the amateur turns even such
apparent disadvantages to use. If not suitable
for long-distance work, at least it was ideal for
‘‘short-haul” communication. Beginning in
1931, then, there took place a tremendous
amount of activity in 56-Mec¢. work by hun-
dreds of amateurs all over the country and a
complete new line of transmitters and receivers
was developed to meet the special conditions
incident to communicating at these ultra-high
frequencies. In 1934 additional impetus was
given to this band when experiments by the
A.R.R.L. with directive antennas resulted in
remarkably consistent two-way communica-
tion over distances of more than 100 miles,
without the aid of ‘‘hilltop” locations. While
atmospheric conditions appear to have a great
deal to do with 5-meter DX, many thousands
of amateurs are now spending much of their
time in the 56-Me. region, some having worked
as many as four or five hundred different sta-
tions on that band at distances up to several
hundred miles. Recently the radio world has
been astounded by conditions whereby trans-
continental contacts have been made on five
meters, with hundreds of contacts over a
thousand miles or so. To-day’s concept of
u.h.f. propagation was developed almost
entirely through amateur research.

Most of the technical developments in ama-
teur radio have come from the amateur ranks.
Many of these developments represent valu-
able 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 ‘1009, modulation” the
technical staff of the A.R.R.L. was publishing
articles in QST urging amateur 'phones to em-
brace it and showing them how to do it. When
interest quickened in five-meter work, and ex-
periments showed that the ordinary regenera-
tive receiver was practically worthless for such
wavelengths, it was the A.R.R.L. that devel-
oped practical super-regenerative receivers as
the solution to the receiver problem. From the
League’s laboratory, too, came in 1932, the
single-signal superheterodyne — the world’s
most advanced high-frequency radiotelegraph
receiver. In 1934 the commercial production
of r.f. power pentodes came as a result of the
A.R.R.L. Hq. technical staff’s urging and dem-
onstration of their advantages. In 1936 came
the ‘‘noise-silencer’’ attachment for super-
heterodynes, permitting for the first time satis-
factory high-frequency reception through the
more common forms of man-made electrical
interference. During 1938 the use of transmit-
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ters whose frequency could be changed by a
eontinuous panel control became common,
along with improved directive antenna sys-
tems.

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 recent interna-
tional conferences. There must be other reasons
to justify such backing. There are. One of them
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 by the words ‘‘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. 8. 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 high-
frequency set on the U.S.S. Seattle.

Definite friendly relations between the ama-
teur and the armed forees 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.

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 spaee limitations
preclude detailed mention of amateur work in
both these classes, for the stories eonstitute
some of the high-lights of amateur aecomplish-
ment. As it is, only a general outline can be
given.

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 codperation. The

1936 eastern states flood, the 1937 Ohio River
Valley flood and the 1938 ecastern states flood-
hurricane disaster saw the greatest emergency
effort ever performed by amateurs. In all these
and many others, amateur radio played a
major rile in the rescue work and amateurs
earned world-wide commendation for their

ANOTHER SECTION OF TIIE WORKSHOP

resourcefulness in effecting communication
where all other means failed.

It is interesting to note that one of the prin-
cipal functions of the Army-Amateur network
is to furnish organized and coérdinated ama-
teur assistance in the event of storm and other
emergencies in this country. In addition, Red
Cross centers in various parts of the United
States are now furnished with lists of amateur
stations in the vicinity as a regular part of
their emergeney measures program.

Amateur codperation with expeditions
started in 1923, when a League member, Don
Mix, of Bristol, Conn., accompanied MacMil-
lan to the Arctic on the schooner Bowdoin in
charge of an amateur set. Amateurs in Canada
and the United States provided the home eon-
tact. The suecess of this venture was such that
MacMillan has never since made a trip without
carrying short-wave equipment and an ama-
teur to operate it.

Other explorers noted this success and made
inquiries to the League regarding similar ar-
rangements for their journcys. In 1924 another
expedition secured amateur eodperation; in
1925 three benefited by amateur assistance,
and by 1928 the figure had risen to nine for
that year alone. Each year since then has seen
League headquarters in receipt of more and
more requests for such serviee, until now a
total of perhaps two hundred voyages and
expeditions have been thus assisted. To-day
practieally no exploring trip starts from this
country to remote parts of the world without
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THE TEST SECTION IN THE RECEIVING LAB
Part of the transmitting lah is visihle through the glass

partition.

making arrangements to keep in contact
through the medium of amateur radio.

Emergency relief, expeditionary contact,
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 reward, have made
amateur radio an integral part of our national
life.

THE AMERICAN RADIO RELAY
LEAGUE

Tue American Radio Relay League is to-
day not only the spokesman for amateur radio
in this country but is the largest amateur
organization in the world. 1t is strictly of, by
and for amateurs, is non-commercial and has
no stockholders. The members of the League
are the owners of the A R.R.L. and QST.

The League is organized to represent the
amateur in legislative matters. 1t 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. 1t is coneerned with the advancement of
the radio art. 1t 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 condueted that the ama-
teur will continue to justify Lis existence. As an
example of this might he cited the action of the
League in sponsoring the establishment of a sys-
tem of Standard Frequency Stations through-
out the United States; installations equipped
with the most modern available type of pre-
cision measuring equipment, and transmitting
“marker” signals on year-'tound schedules to
enable amateurs everywhere to accurately
calibrate their apparatus.

The operating territory of the League is
divided into fourteen United States and six
Canadian divisions. You can find out what
division you are in by consulting QST or the

Handbook. The affairs of the League
are managed by a Board of Directors.
One director is clected every two
years by the membership of each
United States division, and a Cana-
dian General Manager iselected every
two years by the Canadian member-
ship. These directors then choose the
president and vice-president, who are
also directors, of course. No one com-
mercially engaged in selling or man-
ufacturing radio apparatus or liter-
ature can be a member of the Board
or an officer of the League.

The president, viee-president, sec-
retary, treasurer and communications
manager of the League are elected or
appointed by the Board of Direc-
tors. 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 maga-
zine QST. QST goes to all members of the
Leaguc each month. It acts as a monthly bulle-
tin of the League’s organized activities. It
serves as a medium for the exchange of ideas.
It fosters amateur spirit. Its technical articles
are renowned. QST has grown to be the ‘“ama-
teur’s bible” as well as one of the foremost
radio magazines in the world. The profits QST
makes are used in supporting League activi-
ties. Membership dues to the League include a
subseription to QST for the same period.

The extensive field organization of the
Communications Departmentcoérdinates prac-
tical station-operation throughout North
America.

HEADQUARTERS

From the humble beginnings recounted in
this story of amateur radio, League head-

AT WORK IN THE TRANSMITTING LAB
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quarters has grown until now it occupies an
entire office building and employs more than
three dozen people.

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
operation of amateur apparatus. If you don’t
find the information you want in QST or the
Handbook, write to A.R.R.L. Headquarters,
West Hartford, Connecticut, telling us your
problem. All replies are made directly by letter;
no charge is made for the service.

If you eome to Hartford, drop out to Head-
quarters at West Hartford. Visitors are always
welcome.

HEADQUARTERS STATION

KFrou 1927 to 1936 the League operated its
headquarters station, WIMK, at Brainerd
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 WIINF and later as W1AW. The call
WI1AW, held until his death by Hiram Percy
Maxim, was issued to the League by a special
order of the Federal Communications Commis-
sion for the official headquarters station ecall.
Beginning September, 1938, the Hiram Percy
Maxim Memorial Station at Newington,
Conn., has been in operation as the head-
quarters station. Operating on all amateur
bands with separate transmitters rated at the
maximum legal input of one kilowatt and a
system of elaborate antenna relays, this station
is heard with good strength in every part of
the country. The building in which it is housed
was designed by order of the League’s Board of
Directors as a permanent memorial to the
founder-president, Hiram Percy Maxim.

INTERNATIONAL
AMATEUR RADIO UNION

Tue LARU. is a federation of thirty-three
national amateur radio societies in the prin-
cipal nations of the world. Its purposes are the
promotion and codrdination of two-way com-
munication between the amateurs of the
various countries, the effecting of codperative
agreements between the various national so-
cieties on matters of common welfare, the
advancement of the radio art, the encourage-
ment of international fraternalism, and the
promotion of allied activities. Perhaps its
greatest service lies in representing the ama-
teurs of the world at international telecom-
munications conferences and technical con-
sulting committee (C.C.I.R.) meetings.

The headquarters society of the Union is the

THE STORY OF AMATEUR RADIO

American Radio Relay League. All corre-
spondence should be addressed to 38 LaSalle
Road, West Hartford, Conn., U. S. A.

The I.A.R.U. issues WAC (Worked-All-
Continents) certificates to amateurs who
qualify for this award. The regulations, in
brief, stipulate that the applicant must have
worked other amateurs in each of the six
recognized continental areas of the world,
supplying QSL cards or other indisputable
proof of two-way contact in connection with
his application; and that he must be a member
of the member-society of the Union for the
country in which he resides. In countries where
no member-socicty exists the certificate may
be secured upon payment of a fee of 50¢ to
cover mailing costs. Two kinds of certificates
are issued, one for radiotelegraph work and one
for radiotelephone. There is a special endorse-
ment for 28-Me. operation.

JOINING THE LEAGUE

The best way to get started in the amateur
game is to join the League and start reading
QST. Inquiries regarding membership should
be addressed to the Secretary, or you can use
the convenient application blank in the rear of
this book. An interest in amateur radio is the
only qualification neeessary in becoming a
member of the A.R.R.L. Ownership of a sta-
tion and knowledge of the code are not prereq-
uisites. They can come later. According to
a constitutional requirement, however, only
those members who possess an amateur station
or operator license are entitled to vote in
director elections.

Learn to let the League help you. It is organ-
ized solely for that purpose, and its entire head-
quarter’s personnel is trained to render the best
assistance it can to you in solving your amateur
problems. If, as a beginner, you should find it
difficult to understand some of the matter con-
tained in succeeding chapters of this book, do
not hesitate to write the Information Service
stating your trouble. Perhaps, in such a case, it
would be profitable for you to send for a copy of
a booklet published by the League especially
for the beginner and entitled *‘How to Become
a Radio Amateur.” This is written in simple,
straightforward language, and describes from
start to finish the building of a simple but
effective amateur installation. The price is 25
cents, postpaid.

Every amateur should read the League's
magazine QST each month. It is filled with
the latest amateur apparatus developments,
‘““dope” on current expeditions which use
short-wave radio for contact with this country,
and the latest ““ham’’ news from your particu-
lar section of the country. A sample copy
will be sent you for 25 cents if you are unable
to obtain one at your local newsstand.
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Tms chapter deals with the two major
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CHAPTER TWO

GETTING STARTED

The Amateur Bands — Learning the
Code — Obtaining Licenses

all influence the choice of an operating fre-

problems of every beginning amateur — learn-
ing the code and getting the necessary federal
licenses.

Our Amateur Bands

Many people, because they have never heard
anything else, seem to think that “radio”
means * broadeasting.” To such people a few
nights listening in on the high frequencies
(wavelengths below the broadcast band) will
be a revelation. A horde of signals from dozens
of different types of services tell their story to
whoever will listen. Some stations send slowly
and leisurely. Even the beginner can read
them. Others race along furiously so that
whole sentences become meaningless buzzes.
There are both telegraph and telephone
signals. Press messages, weather reports, high
frequency international broadcasting of voice
and music, transmissions from government and
experimental stations including picture trans-
mission and television, airplane dispatching,
police broadcasts, and signals from private
yachts and expeditions exploring the remote
parts of the earth jam the short wave spectrum
from one end to the other.

Sandwiched in among all these services are
the amateurs, thousands of whose signals may
be heard every night in the various bands set
apart by International Treaty for amateur
operation.

Many factors have to be considered in pick-
ing a certain frequency band for a certain job,
especially the distance and the time of day
when communication is desired. 1n addition
to daily changes, there are seasonal changes,
and in addition a long-time change in atmos-
pheric conditions which seems to coincide
with the 1l-year cycle of sun-spot or solar
activity. The reliability of communication on
a given frequency at a given time of day, the
suitability of a given band for traffic or DX,
the desires of the individual amateur in choos-
ing his circle of friends with whom he expects
to make contact on schedule, the amount of
interference to be expected at certain hours,
and the time of day available for operating —

quency.

The 1716-ke. band,* which carried all amateur
activity before experimenters opened the way
to each of the higher frequency bands in turn,
always served amateurs well for general con-
tact between points all over the country. There
was a short period, during the height of
development of the higher frequencies, when
activity in this band dwindled, but it is again
on the increase.

The band is popular especially for radiotele-
phone work. Code practice transmissions are
made in this band for beginning amateurs and
many beginners may be heard in this region
making their first two-way contact with each
other. The band is one of our ‘“widest” from
the standpoint of the number of stations that
may be comfortably accommodated. The band
is open to amateur facsimile and picture
transmission.

The 8600-ke. band has, in recent years, been -
regarded as best for all consistent domestic
communication. 1t is good for coast-to-coast
work at night all the year except for a few sum-
mer months. 1t has been recommended for all
amateur message-handling over medium dis-
tances (1,000 miles for example). Much of the
friendly human contact between amateurs
takes place in the 3500-kc. band. As the
winter evening advances, the well-known ‘‘skip
effect” (explained in detail in Chapter Four) of
the higher frequencies has made itself known,
the increased range of the “gky wave” brings
in signals from the other coast and the in-
creased range also brings in more stations, so
that the band appears busier.

The 7000-ke. band has been the most popular
band for general amateur work for years. 1t is
useful mainly at night for contacts with the
opposite coast, or with foreign countries.
Power output does not limit the range of a
station to the same extent as when working on
the lower frequency bands discussed above.
However, the band is more handicapped by
congestion in the early evenings and more

e
* Likely to be changed in 1939 to read 1750-2050 ke.,
with 'phone permitted 1800-2050 ke.
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subject to the vagaries of skip-effect and un-
certain transmission conditions than are the
lower frequency bands, but not to the same
extent as the 14-Me. band. The 7000-ke. band
is satisfactory for working distances of several
hundred miles in daylight. It is generally con-

G F E 0

GETTING STARTED

splendid activity. 1t is the place where one can
get by far the most miles per watt.

The 66,000-kc. or 66-Mec. band, made avail-
able for amateur experimentation at the
request of the League, has for many years been
regarded as strictly a local and short-distance
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sidered the most desirable night band for
general DX work in spite of difficulties due to
interference.

The 14,000-kc. or 14-Mec. band is the best
frequency to use to cover great distances in
daylight. In fact it is the only band generally
useful for daylight DX contacts (QS0’s) over
coast-to-coast and greater distances. Commu-
nication over long distances will usually remain
good during the early evenings and surprising
results can be obtained then, too. Using these
higher frequencies there is often difficulty in
talking with stations within three or four
hundred miles, while greater distances than
this (and very short distances within ten or
twenty miles of a station) can be covered with
ease. The reason that 14-Me. signals are less
useful for general amateur DX late evenings is
because the “‘skip” increases during darkness
until the ‘‘sky wave” covers greater than
earthly distances. The band, while one of the
very best for the amateur interested in working
foreign stations without much difficulty from
domestic interference, is sometimes subject to
sudden fluctuations in transmitting conditions.

The 28,000-ke. (28-Mc.) band is principally
an experimental amateur band at the present
time. It combines both the long-distance char-
acteristics of the 14-Me. band and some of the
local advantages of the 56-Me. band, but its
remarkable long-distance characteristics have
been the cause of its tremendous growth in
popularity. The band is by no means as reliable
as those of lower frequency but the perform-
ance to be had on it has been becoming pro-
gressively better during the last few years. A
well-defined seasonal effect, produces much
better conditions during the fall and spring
than at other times of the Year. Though the
band was a barren waste a few years ago it is
now, particularly during fall and spring, full of

band for distances of ten to thirty miles. Be-
cause of the cheapness, compactness and ease
of construction of the necessary apparatus it
has proved ideal for this purpose and many
hundreds of stations have operated ‘‘locally”
there. During the latter part of 1934, however,
experiments with directive antennas by the
technical staff of the A.R.R.L. indicated the
possibility of surprisingly consistent two-way
work over distances of a hundred miles or more,
with the result that tremendous impetus was
given to experimentation at these frequencies
and is expected to continue even stronger in
future. Recent “sky-wave” DX work over
several thousand miles on this band and the
prospect that much more is to come make the
band the prize one for the experimenter.
Above 110,000 ke. but little progress has as
yet been made. These frequencies have in the
past been generally considered useless for com-
munication over any appreciable distance, just
as were the frequencies around 56 Me. But the
developments in that region have resulted in
creating considerable interest in the still higher
frequencies, and during 1939 it is expected that
many experimenters will endeavor to exploit
them to their utmost for communication
purposes. The 112-Me. band, in particular, will
probably take over much of the purely local
activity hitherto occupying the 56-Me. band.

Memorizing the Code

There is nothing particularly difficult inci-
dent to taking your place in the ranks of
licensed amateurs.

The first job you should tackle is the
business of memorizing the code. This can
be done while you are building your receiver.
Thus, by the time the receiver is finished,
you will know the characters for the alpha-
bet and will be ready to practice receiving in
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order to acquire speed. Speed practice, either
by means of a buzzer, or by listening in on your
receiver, can be indulged in in odd moments
while the transmitter, in turn, is being con-
structed. The net result of such an organized
program should be that by the time the trans-
mitter is finished you will be able

to receive the thirteen words a °-...
minute required by the govern- mmemme
ment for your amateur operator ®wweée
license, and can immediately pro- gemme
ceed to study for the ‘‘theoret- wmwme
ical” part of yourlicenseexamina-  39°°
tion without loss of time. omm = mm
Memorizing the code is no task - _'.-.
at all if you simply make up your o mm
mind to apply yourself to the job mme
and get it over with as quickly ommmme
as possible. The complete Con- u=mmomm
tinental alphabet, punctuation :.-.‘
marks and numerals are shown in gy
the table given here. The alpha- oeoemm
bet and all the numerals should ¢ am
be learned, but only the first =meowm
eight of the punctuation marks :‘-..-

shown need be memorized by the
beginner. Start by memorizing
the alphabet, forgetting the nu-
merals and punctuation marks for
the present. Various good systems
for learning the code have been
devised. They are of undoubted
value but the job is a very simple
one and usually can be accom-
plished easily by taking the first
five letters, memorizing them,
then the next five, and so on. As
you progress you should review
all the letters learned up to that
time, of course. When you have
memorized the alphabet you can

PERIOD

INTERROGATION

BREAK (DOUBLL SASH)

WAIT

END OF MESSAGE

END OF TRANSMISSION

RECEIVED (0.K)

INVITATION TO TRANSMIT
(GO AHEAB)

EXCLAMATION

BAR INDICATING FRACTION
(OBLIQUE STROKE)
MMA

is simply to memorize all the characters and
make sure you know them without hesitation.
Good practice can be obtained, while building
the receiver, if you try to spell out in code the
names of the various parts you are working on
at the time.

>

Acquiring Speed by Buzzer
Practice

When the code is thoroughly
memorized, you can start to de-
velop 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 ad-
vantage of this system is that it
develops sending ability, too, for
the person doing the receiving will
be quick to criticize uneven or
indistinet sending. If possible, it
is a good idea to get the aid of
an experienced operator for the
first few sessions, so that you will
know what well-sent characters
sound like.

The diagram shows the connec-
tions for a buzzer-practice set.
When buying the key it is a good
idea to get one that will be suit-
able for use in the transmitter
later; this will save you money.

Another good practice set for
two people learning the code to-
gether is that using a tube oseil-
lator, as illustrated.

The tube is a 12A7, which
combines in one envelope a half-
wave rectifier and a pentode.

The 12.6 volts for the heater

NAXKECCHAN IO VO ZXr XTI OMMOD

[r.Y pey LY X 1 p

go to the numerals, which will mwm coLon is obtained from the 115-volt
. . - SEMICOLON . .
come very quickly since you can ommeems auores source by means of a resistor line

see that they follow a definite sys-
tem. The punctuation marks wind
up the schedule —and be sure to
learn at least the first eight — the more com-
monly-used ones.

One suggestion: Learn to think of the letters
in terms of sound rather than their appearance
as they are printed. Don’t think of A as ‘‘dot-
dash” but think of it as the sound ‘‘dit-dah.”
B, of course, is ‘‘dah-dit-dit-dit,” C, “‘dah-dit-
dah-dit’’ and so on.

Even better will be listening to the char-
acters as they are sent on a buzzer or code
practice oscillator, if someone can be found to
send to you. Learning the code is like learning
a new language, and the sooner you learn to
understand the language without mental
‘“‘translation” the easier it will be for you.

Don’t think about speed yet. Your first job

PARENTHESIS

THE CONTINENTAL CODE

cord, a special cord containing a
resistor in addition to the usual
two wires from the plug. The re-
sistor is connected to one of the plug blades,
and the opposite end is terminated at the os-
cillator. Hence, there are three leads emerging
from the cord. The resistor wire is distinguished
by white covering. It is important that the
proper-resistance cord be obtained.

The filter condenser, Cs and Cj, is a two-sec-
tion midget electrolytic condenser having a
common negative lead and separate positive
leads. The common negative lead is connected
in the oscillator to the cathode of the pentode
section of the 12A7, and to the C connection of
the transformer secondary. One of the positive
leads of the condenser is connected to the
resistor terminal of the line cord and to the
resistor Re. The other positive lead connects
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to the opposite end of the resistor, and through
key and headphones to the B terminal of the
transformer. The opposite end of the trans-
former primary winding, P, is connected to
the plate of the pentode scction of the 12A7.
The grid resistor and grid condenser, Ry and ),
are connected between the grid terminal of the
tube (the top cap) and one of the secondary
terminals marked G. If the oscillator is com-
pleted according to the wiring diagram, and all
connections have been carefully checked, fail-
ure of the set to oscillate when the key is closed
will indicate that the incorrect G terminal of
the transformer was chosen, in which case it
will merely be disconnected and the other G
lead will be substituted. This applies on d.e. if
closing the key causes a distinet click in the
headphones after the tube has warmed for a
minute. If a d.c. source is used with the oscil-
lator, the polarity of the plug must be correctly
fixed by plugging it in so that the click of the
'phones may be produced by keying the os-
cillator.

If the pitch produced by the oscillator is
found to be too low or too high, it may be
varied over a wide range by varying the resist-
ance value of the grid resistor, R;.

In the operation of this code-practice oscil-
lator, care must be taken that neither the wir-
ing of the oscillator, nor the key nor *phones be
allowed to come in contact with ground. Also,
the operator must use caution to refrain from
being connected between the oscillator or key
and a ground connection.

Either the buzzer set or this audio oscillator
will give good results. The advantage of the
audio oscillator over the buzzer set is that it
gives a good signal in the ’phones without
making any noise in the room.

After the practice set has been built, and

wo Dry Cells
o 7o 1n serjes connected
hanes here

o

001
pfd

Buzzer

S

Hey

THE CIRCUIT OF THE CODE PRACTICE SET
ILLUSTRATED ABOVE

The ph are con d across the coils of the

with a d in series, The size of this con-
denser determines the strength of the signal in the
phones. Should the value given on the diagram
provide an excessively loud signal it may be reduced
to, perhaps, .00025 ufd.

b

GETTING STARTED

A BUZZER CODE PRACTICE SET ARRANGED AND
WIRED IN ACCORDANCE WITH THE CIRCUIT
GIVEN BELOW

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
hesitation. 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 think you can receive 13
words a minute (65 letters a minute) have the
sender transmit code groups rather than
straight English text. This will prevent you
from recognizing a word ‘‘on the way’ and
filling it in before you’ve really listened to the
letters themselves.

After you have acquired a reasonable degree
of proficiency concentrate on the less common
characters, as well as the numerals and punec-
tuation marks. It is these that prove the down-
fall of many applicants taking the code ex-
amination under the handicap of nervous
stress and excitement.

Learning by Listening

While it is very nice to be able to get the
help of another person in sending to you while
you are acquiring code-speed, it is not always
possible to be so fortunate, and some other
method of acquiring speed must be resorted to.
Under such circumstances, the time-honored
system is to ‘‘learn by listening”’ on your short-
wave receiver. With even the simplest short-
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A word of caution: the U. S.
radio communication laws pre-
seribe heavy penalties for divulg-
ing the contents of any radio-
gram to other than the addressee.
You may copy anything you hear
for practice but you must preserve
its secrecy.

Code Practice Helps

There are several code-training
courses and mechanical devices on
the market designed to assist in
building code speed. One such
course is based on a special train-
ing routine; others are built
around automatic sending equip-
ment (either tape or phonograph
recordings) which send perfectly-
formed code without the help of
another person. We heartily sug-
gest that the beginner should ex-
amine advertisements for such
courses and equipment, especially

TIIE CODE-PRACTICE OSCILLATOR

where difficulty is experienced
with more common methods.

The grid-leak and grid condenser, R1 and C1, may be seen in front

of the tube. The transformer is beside the tube, with the filter con-
denser in the right foreground. The connection of the line cord
resistor is shown in the foreground, while the four screw terminals

include two for a key and two for headphones.

wave receivers a number of high-power stations
can be heard in every part of the world. It is
usually possible to pick a station going at about
the desired speed for code practice. Listen to
see if you cannot recognize some individual
letters. Use paper and pencil and write down
the letters as you hear them. Try to copy as
many letters as you can.

Whenever you hear a letter that you know,
write it down. Keep everlastingly at it. Twenty
minutes or half an hour is long enough for one
session. This practice may be repeated several
times a day. Don’t become discouraged. Soon
you will copy without, missing so many letters.
Then you will begin to get calls, which are
repeated several times, and whole words like
“and” and ‘‘the.”” After words will come
sentences. You now know the code and
your speed will improve slowly with prac-
tice.

In ‘“‘learning by listening’ try to pick
stations sending slightly faster than your limit.
In writing, try to make the separation hetween
words definite. Try to “read” the whole of
short words before starting to write them down.
Do the writing while listening to the first
part of the next word. Practice and patience
will soon make it easy to listen and write
at the same time. Good operators usually
copy several words ‘‘behind” the ircoming
signals.

Volunteer Code Practice Stations

Each fall and winter season the
A.R.R.L. solicits volunteers, ama-
teurs using code only, or often
a combination of voice and code transmission,
who will send transmissions especially calcu-
lated to assist beginners. These transmissions
go on the air at specified hours on certain
days of the week and may be picked up
within a radius of several hundred miles under
favorable conditions. Words and sentences
are sent at different speeds and repeated by
voice, or checked by mail for correctness if you
write the stations making the transmissions
and enclose a stamped addressed envelope for
reply.

The schedules of the score or more volunteer
code-practice stations are listed regularly in
QST during the fall and winter. Information at
other times may be secured by writing League
headquarters. Some of the stations have been
highly successful in reaching both coasts with
code-practice transmissions from the central
part of the country.

Interpreting What You Ilear

As soon as you finish your receiver and hook
it up you will begin to pick up different high-
frequency stations, some of them perhaps in
the bands of frequency assigned to amateurs,
others perhaps commercial stations belonging
to different services. The loudest signals will
not necessarily be those from near-by stations.
Depending on transmitting conditions which
vary with the frequency, the distance and the
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time of day, remote stations may or may not
be louder than relatively near-by stations.
The first letters you identify probably will be
the call signals identifying the stations called
and the ealling stations, if the stations are in
the amateur bands. Station calls are assigned
by the government, prefixed by a letter (W
in the United States, VE in Canada, G in
England, ete.) indieating the country. In this
country amateur calls will be made up of sueh
combinations as WSCMP, W1KH, WIAW,
ete., the number indicating the amateur call
area and giving a general idea of the part of
the country in which the station heard is
located. The reader is referred to the chapter
on ‘“‘Operating a Station” for complete infor-
mation on the procedure amateurs use in call-
ing, handling messages, and the like. Many
abbreviations are used which will be made clear
by reference to the tables of Q Code, miscel-
laneous abbreviations, and ‘‘ham” abbrevia-
tions included in the Appendix. The table of
international prefixes, also in the back of the
book, will help to identify the country where
amateur and commercial stations are located.

Using a Key

The correct way to grasp the key is impor-
tant. The knob of the key should be about
eighteen inches from the edge of the operating
table and about on a line with the operator’s
right shoulder, allowing room for the elbow to
rest on the table. A table about thirty inchesin
height is best. The spring tension of the key
varies with different operators. A fairly heavy
spring at the start is desirable. The back ad-

o
PHONES  KEY

110 VOLTS
ACorD.C.

CIRCUIT DIAGRAM OF THE CODE-PRACTICE
OSCILLATOR

C1 — 0.01-pfd., 600-volt tubular condenser (Sprague).

(2, C3 — 2-section midget electrolytic condenser, 10
ufd. each section 25 volts working (Sprague).

Rj — 3-megohm, M-watt resistor (IRC).

Rz — 5000-ohm, 1-watt (IRC).

R3 — Line cord resistor, 360 ohms.

I — ‘I'ransformer 3:1 midget push-pull input trans-
former (Thordarson 1-6907).

GETTING STARTED

ILLUSTRATING THE CORRECT POSITION OF THE
HAND AND FINGERS FOR THE OPERATION OF A
TELEGRAPH KEY

justment of the key should be changed until
there is a vertical movement of about one-
sixteenth inch at the knob. After an operator
has mastered the use of the hand key the ten-
sion should be changed and can be reduced to
the minimum spring tension that will cause the
key to open immediately 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 so tightly that binding is caused. The
gap between the contacts should always be at
least a thirty-second of an inch, since a too-
finely spaced contact will cultivate a nervous
style of sending which is highly undesirable.
On the other hand too-wide spacing (much
over one-sixteenth inch) may result in unduly
heavy or “muddy” sending.

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. The
photograph 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, 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.
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Sending

Good sending seems easier than receiving,
but don’t be deceived. A beginner should not
send fast. Keep your transmitting speed down
to the receiving speed, and bend your efforts
to sending well.

When sending 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 speeial types of keys alone
until you have mastered the knack of properly
handling the standard-type telegraph key.
Because radio transmissions are seldom free
from interference a ‘““heavier”’ style of sending
is best to develop for radio work. A rugged key
of heavy construetion will help in this.

Obtaining Government Licenses

When you are able to copy 13 words per
minute, have studied basic transmitter theory
and familiarized yourself with the radio law
and amateur regulations, you are ready to give
serious thought to securing the government
combination amateur operator-station license
which is issued you, after examination, through
the Federal Communications Commission, at
Washington, D. C.

Beeause a discussion of license application
procedure, license renewal and modification,
exemptions, and detailed information on the
nature and scope of the license examination
involve 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, and
at this point the beginning 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 pre-
pare himself for his test. The booklet, ‘‘ The
Radio Amateur’s License Manual,” may be ob-
tained from A.R.R.L. headquarters for 25¢
postpaid. From the beginner’s standpoint one
of the most valuable features of this book is its
list of nearly 200 representative examination
questions with their correct answers.

A few general remarks:

While no government licenses are necessary
to operate receivers in the United States, you
positively must have the required amateur
licenses before doing sending of any kind with
a transmitter. This license requirement applies
for any kind of transmitter on any wavelength.
Attempts to engage in transmitting operation
of any kind, without holding licenses, will inevi-
tably lead to arrest, and fine or imprisonment.

Amateur licenses are free, but are issued only
to citizens of the United States; this applies
both to the station authorization and the

operator’s personal license, with the further
provision in the station license that it will not
be issued where the apparatus is to be located
on premises controlled by an alien. But the re-
quirement of citizenship is the only limitation,
and amateur licenses are issued without regard
to age or physical condition to anyone who sue-
cessfully completes the required examination.
There are licensed amateurs as young as twelve
and as old as eighty. Many permanently bed-
ridden persons find their amateur radio a
prieeless boon and have successfully qualified
for their ‘‘tickets’’; even blindness is no bar
— several stations heard regularly on the air
are operated by people so afllieted.

Persons who would like to operate at ama-
teur stations, but do not have their own sta-
tion as yet, may obtain an amateur operator
license without being obliged to take out a
station license. But no one may take out the
station license alone; all those wishing station
licenses must also take out operator licenses.

Extracts from the basic Communications
Act and the complete text of the amateur
regulations current at the time this Handbook
went to press will be found in the Appendix.
Because the regulations are subject to occa-
sional changes or additions, however, it is
recommended that your study of them be
from the License Manual already mentioned,
since this latter publication is always revised,
or a ‘“‘change sheet” incorporated with it,
whenever such alterations in our regulations
take place.

Canadian Regulations

Canadian amateurs wishing operators’ li-
censes must pass an examination before a radio
inspector in transmission and reception at a
speed of ten words per minute or more. They
must also pass a verbal examination in the
operation of amateur apparatus of usual
types, must have a working knowledge of pro-
cedure, and must have a little operating abil-
ity prior to taking the examination. Nothing is
likely to be asked which is not covered in this
Handbook or the License Manual. The fee for
examination as operator is 50 cents and is
payable to the Radio Inspector who examines
the candidate.

The form for application for station license
may be obtained either from a local Radio In-
spector’s office or direct from the Radio Divi-
sion, Department of Transport, Ottawa. The
applicant must also sign a declaration of se-
crecy which, as a matter of fact, is executed
at the time of obtaining the operator’s license.
The annual fee for station licenses for amateur
work in Canada is $2.50.
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CHAPTER THREE

ELEMENTARY RADIO PRINCIPLES

Current Flow — Conductors and Insulators —
Condensers — Coils — The Tuned Circuit

'I‘HEII.E are as many different types of
radio amateurs as there are phases to this fas-
cinating hobby. Some amateurs are perfectly
content to pound brass or use a microphone
with only the vaguest conception of how and
why their equipment works, while others are
not satisfied unless they understand what goes
on in the transmitter and receiver, and the
space between. The inquisitive amateur will
find this chapter one intended to acquaint him
with the elementary principles of electricity so
necessary to a more complete understanding
of radio itself.

Understanding electrical and radio principles
involves no greater effort than that necessary
to form mental images of the processes in-
volved. A little close reading, coupled with
some clear thinking will make a fascinating
subject out of one that, at first glanee, seems
quite involved. If you are something of a
Steinmetz or an Einstein you can read right
through as you would a novel; if you aren’t, pon-
der over paragraphs until you can explain themn
to someone else without reference to the text.

Elementary principles are the bricks that
serve as the foundation for all technical knowl-
edge — with a smooth and solid foundation,
the rest is easy.

FACTS ABOUT ELECTRONS

Ir vou remember your high-
school chemistry you will recall
that all matter — solids, liquids
and gases — is made up of funda-
mental units called molecules, the
smallest subdivision of matter.
These molecules in turn are found
to consist of atoms of the com-

A+

Electrons

If atoms could be examined through an
infinitely powerful microscope or other means
of magnifying them, a striking thing would be
observed. You would find that all atoms are
made up of particles, or charges, of electricity
~— nothing more — and that atoms differ from
each other only in the number and arrangement
of these charges. These charges are called elec-
trons, and the atom has a nucleus composed of
both positive and negative electrons, but with
the positive predominating so that the nature
of the nucleus is positive. Positive electrons
are referred to as prolons and negative elec-
trons simply as electrons. The electrons and
protons of the nucleus are intimately and
closely bound together. However, exterior to
the nucleus are negative electrons that are not
so closely bound and, in many instances, they
can be made to leave the immediate vicinity
of the nueleus without much urging. These
electrons whirl around the nucleus like the
planets around the sun, and their orbits are
not random paths but geometrically-regular
ones determined by the charges on the nucleus
and the number of electrons. Ordinarily the
atom is electrically neutral, the outer nega-
tive electrons balancing the positive nucleus,
but when something disturbs this balance
electrical aetivity becomes evident, and it is
the study of what happens in this unbalanced
condition that makes up electrical
theory.

ELECTRONS AT REST

Br was mentioned above that in
some materials it is relatively
easy to move the electrons away

ponent elements. Molecules and
atoms are infinitesimally small,
and can’t be seen even with the
most powerful microscopes. The
thing to remember, however, is
simply that all matter is made up
of molecules which are in turn
combinations of atoms of the
component elements.

FIG. 301 — LIGHTNING 18
caused by the discharge of
electricity that builds up on
a cloud reaching a potential
high enough to break down
the air between the cloud
and ground or
cloud. The chargeis believed
to be caused by frietion of
air masses or dust particles.

from the nucleus. There are also
many materials in which this is
difficult to do. A material in which
it is hard to move or displace the
electrons by electrical means is
said to have a high resistance, and
further along you will see why this
is also an appropriate term from
other standpoints.

another
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SCHEMATIC SYMBOLS USED IN CIRCUIT DIAGRAMS

Static Charges

Peculiarly enough, many of
the materials that have a high
resistance can be made to ac-
quire a charge (surplus or defi-
ciency of electrons) by mechan-
ical means. You have often
heard the ‘electricity” crack-
ling when you ran your hard-
rubber comb through your hair
on a dry winter day, or have
noticed the tiny spark that
jumps from your finger tip to a
metal object after you have
walked across a rug in a dry
room. This was caused simply
by the friction of the comb pass-
ing through your hair and of
your shoes passing over the
carpet. The spark, in either case,
was caused by the attempt of
the charge that had built up, to
equalize itself. In other words,
when you ran the comb through
your hair, there was a surplus of
electrons left on the comb,
forming a charge, and the next
time you brought the comb near
your hair the charge was in such
a hurry to equalize itself that
it jumped a short distance
through the air. The higher the
charge, the greater the distance
it can jump. Lightning is noth-
ing more than the same thing on
a gigantic scale; clouds pick up
a tremendous charge (meteor-
ologists don’t agree as to why,
but friction of air masses or
dust particles is believed to be
a contributing factor) and when
the charge becomes great enough
it breaks over in a blinding flash
to ground or to another cloud
with the opposite charge. Yes,
objects can have either a sur-
plus or a deficiency of electrons
— it is called a negative charge
if there is a surplus of electrons;
a posilive charge if there is a
lack of them. As with all things
in nature, there must always be
a balance, and for every nega-
tive charge there will be found a
similar positive charge, since
each electron that leaves an
atom to form a negative charge

leaves the rest of the atom with a positive

charge.

You will have the essence if you remember
that these charges or potentials are nothing
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more than a lack or surplus of clectrons.

If two objects are oppositely charged, a
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electrical unit called the volt. The greater the
potential difference, the higher (numerically)
the voltage. The difference in electrons be-
tween the two objects which causes this po-
tential difference or voltage exerts an electrical
pressure or force which is trying to equalize
and thus nullify the charges, and for this rea-
son it is often called electromotive force or,
simply, e.m.f. But when you become more fa-
miliar with it you’ll think of it as voltage,
remembering that voltage represents the elec-
trical potential difference set up by a surplus or
lack of electrons.

Condensers

Right now is a good time to hecome ac-
quainted with an electrical device you're going
to run across quite often in your electrical and
radio work, the condenser. So far, only simple
static charges on combs and clouds have been
mentioned. However, if something that has a
very high resistance, like glass, mica, oil, or
cven air, is made into a thin sheet and a metal
plate is placed on either side of the sheet, it
will be found that the two plates can be given
a charge by connecting them to a source of
potential difference such as a battery or other
power supply, and the potential difference,
or voltage, will be equal to that of the source.
The quantity of the charge will depend upon the
voltage of the charging source and the capacity
of the condenser. The value of capacity of a
condenser is a constant depending upon the
physical dimensions, inereasing with the area of
the plates and the thinness and dieleciric con-
stant of the insulating material in between.

Capacity is measured in farads, a unit much
too large for practical purposes, and in radio
work the terms microfarad (abbreviated ufd.
and micro-microfarad (uufd.) are used. The
microfarad is one-millionth of a farad, and the
micro-microfarad is one-millionth of that.

You can easily demonstrate to yourself the
difference in the quantity-holding ability of
condensers by taking two of different capacity
out of your junk box, touching them one at a
time across a 45-volt B battery to charge them,
and then discharging them with a screw-driver
across the terminals. The one with the larger
capacity will give a fatter spark when it is
discharged. Since they were both charged to
exactly the same potential — the voltage of the
battery — the difference in the discharges was
due to the difference in the amount of stored
charge.

ELECTRONS IN MOTION

Ir was mentioned above that a material in
which it is difficult to move the electrons is said
to have high resistance. Conversely, a material
in which it is easy to move the electrons is said

FIG. 302 — VARIOUS FORMS OF CONDENSERS

The electrolytic condenser at the left front is a
low-voltage one used as an audio hy-pass across
cathode resistors. The long, cylindrical can directly in
back houses a higher-voltage electrolytic condenser
used in receiver and low-voltage tranamitter power-
supply filters. The small paper (front row, second from
left) and the small mica (front row, extreme right)
fixed condensers are used in receiver and low-voltage
transmitter applications. The small variable condens-
er in the front row is used in receivers and low-voltage
transmitters; the variable condenser with the heavy
plates and greater spacing is used in high-power
transmitters. The small, p Vi d
is a new type of fixed d for tr itting
having an even greater voltage rating than the large
variahle d and 1 low gh so that it
may he used in a transmitter tank circuit.

to have low resistance or, more simply, it is
called a good conductor. Most, of the metals fall
into this class, with silver and copper being
among the best, followed by aluminum, brass,
zine, platinum and iron, in the order named.
Conductors will, of course, conduct electricity
regardless of their shape, but in most electrical
work the most efficient form of conductor is a
round wire, and henceforth when the word
“conductor” is used, it should be visualized
as a wire.

Current Flow

If a difference of potential exists across the
ends of a conductor (by connecting the wire to
a battery or generator or other source of volt-
age) there will be a continuous drift of electrons
passing from atom to atom, and an electrical
current is said to be flowing. The electrons do
not streak from one end of the conductor to
the other — their actual movement is quite
minute — but it is more like a ‘“bucket bri-
gade’’ where, instead of firemen handing
buckets down the line, atoms pass a potential
difference down the line of the conductor until
it is neutralized. The current itself is traveling
quite fast, close to the speed of light, but the
actual electrons themselves move only a
short distance.

The current is measured in amperes, and if
vou wish to visualize that in terms of electrons,
try to remember that a current of one ampere
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represents nearly 10 (ten million, million,
million) electrons flowing past a point in one
second; or that a micro-ampere (millionth of an
ampere) is nearly 10 million electrons per
micro-second (millionth of a second).

insulators. If an insulator is used to separate
the plates of a condenser, it is called a dielectric.
Poor conductors are good insulators, and vice
versa. Insulators are used where it isdesired to a-
void current flow through a physical connection.

Heating Effect

When current passes through a con-
ductor, there is some amount of molec-
ular friction, and this friction generates
heat. This heat is dependent only upon
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FI1G. 303 — A SIMPLE EXAMPLE OF OIIM'S LAW

At A, a single lamp across the 110-volt line burns
with normal brilliancy, indicating normal current
through the lamp.

At B, the two lamps in series give an eflective resist-
ance of twice that of a single lamp, and the current
through them is therefore only half normal current.
This is indicated by half brilliancy of the lamps.

At C, the lamps are connected in parallel, and since
the lamps have 110 volts across them they burn with
normal brilliancy. But twice as much light is given off,
80 the system must be drawing twice as much current
and the effect of the two lamps in parallel is to place a
load across the line of half the resistance of one lamp.

The current in a conductor is determined by
two things, the voltage across the conductor
and the resistance of the conductor. The unit of
resistance is the ohm, and, by definition, an
e.m.f. of one volt will cause a current of one
ampere to flow through a resistance of one
ohm. Since the three quantities are interde-
pendent, if we know the values of any two we
can easily determine the third by the simple
relation known as Ohm’s Law (described more

FIG. 304 — WHEN-
ever current passes
through a wire, a
magnetic field exists
around the wire.
Its direction can be
traced by means of
a small compass.

in detail in the following chapter). All you need
visualize now is the pressure or e.m.f. (volts)
forcing a current (amperes) through the re-
sistance (ohms) of the conductor.

Insulators
Materials with a high resistance, like hard

rubber, steatite, bakelite, isolantite, myecalex,
mica, quartz, sulphur and vacuum are called

the current in the wire and the resistance

of the wire. It also is described more in
detail in the following chapter. One need only
know now that this heat is used in many useful
ways, as can be seen by a quick glance around
a house or factory equipped with electric
heating devices. It also means that electricity
cannot be conducted without some loss due to

e ————
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FIG. 305— WHEN THE CONDUCTING WIRE IS

COILED, THE INDIVIDUAL MAGNETIC FIELDS OF

FEACH TURN ARE IN SUCH A DIRECTION AS TO

PRODUCE A FIELD SIMILAR TO THAT OF A BAR
MAGNET

heating effects, which often must be taken into
consideration.

Magnetic Effects

Any physicist will tell you that moving elec-
trons generale a magnetic field. This magnetic
field is exactly the same as the strange force
that exists in the vicinity of any magnet and is
capable of attracting other magnetic materials.
Since a current in a wire is electrons in motion,
it is not strange that a magnetic field is found
in the vicinity of a conductor with current
flowing through it. If the wire is wound in
circles to form a coil, the magnetic effect be-
comes cumulative, and the effect can be in-
creased still further by placing an iron core
within the coil.

There is a converse to this. When a conduc-
tor is moved through a magnetic field (or the
field is moved past the conductor) electrons in
the conductor are forced to move, producing a
current. This is something to remember: An
electric current generales a magnetic field about
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il and, conversely, an electric current is generated
by a magnetic field moving (or changing) past
the conductor.

Electric Circuits

You will often see mention of an electric
‘‘circuit.”” It is sufficient to remember that this
is simply a complete path along which electrons
can transmit their charge. More completely,
there will normally be a source of energy — a
battery, generator, or magnetic means for
inducing current flow — and a load or portion
of the circuit where the current is made to do
useful work. There must be an unbroken path
through which the electrons can transmit their
charges, 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, due to a break in the path.
It is closed when no break exists — when
switches are closed and all connections are
properly made.

Ionization in Gases

All conduction does not necessarily take
place in solid conductors. If a glass tube is
fitted with metal plates at each end, and filled
with a gas or even ordinary air (a mixture of
gases) at reduced pressure, an electric current
may be passed through the gas if a high-enough
voltage is applied across the metal terminals.
The commonly-used neon advertising signs
utilize this principle, since the current flow
also generates light, the color depending upon
the gas being used. When the voltage is applied
across the tube, the positively charged plate
attracts a few electrons, which are given con-
siderable velocity due to the acceleration of the
electric charge and the fact that the reduced
pressure in the tube (less gas) permits the elec-
trons to travel farther before colliding with a
gas atom. When they do collide with the atoms,
they knock off outer electrons of the gas atom
and these electrons also join the procession to-
wards the positive plate, and of course knock
off more electrons from other atoms. ‘The atoms
that have had an electron or two Knocked off
are no longer true atoms but {ons, and since
they have a positive charge (due to the electron
deficiency) they are called “positive ions.”
These positive ions, being heavier than the
electrons, travel more slowly towards the
negative plate, where they acquire electrons
and become neutral atoms again. The net
result is a flow of electrons, and hence of cur-
rent, from negative plate to positive plate. The
light given off, it may be mentioned, is con-
sidered incidental to the recombination of ions
and free electrons at the negative plate. This
kind of conduction, made possible by ioniza-
tion by collision, is utilized in the operation of
certain types of gaseous rectifiers, and in

combination with another principle in mercury-
vapor rectifiers.

Ionization in Liquids

A very large number of chemical compounds
have the peculiar characteristic that when
they are put into solution the component
parts become ionized. For example, common
table salt or 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 as long as the salt is in solution —
take away the water and the ions are recom-
bined into the neutral sodium chloride. This
spontaneous disassociation in solution is of
course another form of ionization, and if two
wires with a difference of potential across them
are placed in the solution, the negative wire will
attract the positive sodium ions and the posi-
tive wire will attract the negative chlorine
ions, and a current will flow through the solu-
tion. When the ions reach the wires the electron
surplus or deficiency will be remedied, and a
neutral atom will be formed. The energy sup-
plied by the source of potential difference is
used to move the ions through the liquid and to
supply or remove electrons. This type of cur-
rent flow is due to electrolytic conduction, and
the principle was utilized in the now almost-
obsolete ‘““electrolytic rectifier.” It also forms
a basis for the construction of the ‘‘electrolytic
condenser.”

Batteries

All batteries depend upon chemical action
for the generation of a potential difference
across their terminals. The common dry cell
(which won't work completely dry) depends
upon zinc ions (the metal case of a dry cell is
the zinc plate) with a positive charge going
into solution and leaving the zinc plate strongly
negative. The electrical energy is derived from
the chemical energy, and in time the zine will
be used up or worn away. However, in lead
storage batteries, such as are used in automo-
biles for starting, the electrical energy is stored
by chemical means and entails no destruction
of the battery materials. The water that must
be replaced from time to time is lost by
evaporation.

It might be pointed out here that the term
““battery” is used correctly only when speak-
ing of more than one cell — a single cell is not
a battery, but two or more connected together
become a battery.

Thermionic Electron Emission

There is still another method of electric
current conduction, one of the most important
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in radio because it is the foundation for the

whole wonderful family of vacuum tubes used in

both reception and transmission. If a suitable

metallic conductor, such as tungsten or oxide-

coated or thoriated tungsten, is heated to a
on

glf low [ ——u Positive
Plate

Hot
Filament
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FIG. 306 — ILLUSTRATING CONDUCTION BY
THERMIONIC EMISSION OF ELECTRONS IN A
VACUUM TUBE

One battery is used only to heat the filament to a
temperature where it will emit electrons. The other
battery places a positive potential on the plate, with
reapect to the filament, and the electrons are attract-
od to the plate, The flow of electrons completes the
electrical path, and current flows in the plate circuit.

high temperature in a vacuum (by passing
current through it until it heats to the proper
temperature) electrons will be emitted from
the surface. The reason that the electrons are
freed from this filament or cathode is that it
has been heated to a temperature that acti-
vates them sufficiently to allow them to
break away from the surface. The process is
called thermionic electron emission, or simply
emission. Once free, these electrons will form
a cloud of negative electrons immediately
surrounding the cathode which will repel fur-
ther electrons that try to break through this
space charge. A few will be given sufficient
velocity to travel some distance from the
cathode, but the majority will stay in the
vicinity of the cathode. However, if a plate
is placed in the vacuum tube, and given a
positive charge by connecting a battery be-
tween plate and cathode, this plate or anode
will attract a number of the electrons that sur-
round the cathode. The passage of these elec-
trons from cathode to anode constitutes an
electric current. Some of the electrons that
reach the anode may have sufficient velocity
to dislodge an electron or two from the plate,
and these electrons can be attracted to other
positively-charged plates in the vicinity.
If there are no other positive plates nearby, the
electrons are attracted back to the plate from
which they came. The process of dislodging
electrons by other fast-moving electrons is
called secondary emission. The important thing
to remember is that all thermionic vacuum

tubes depend for their operation on the emis-
sion of electrons from a hot cathode, and that
the current flowing through a vacuum tube is
simply the flow of these electrons being at-
tracted to a positively-charged plate or anode.

ELECTRONS IN MOTION — ALTER-
NATING CURRENT

Tuus far only direct current, i.e., current
traveling in one direction, has been discussed.
This was done to acquaint you with the picture
of current flow. However, most electrical and
radio work utilizes alternating current, or cur-
rent that alternates its direction in periodic
fashion.

It was suggested that you remember that an
electric current can be generated by a mag-
netic field moving or changing past a con-
ductor. If the magnetic field moves in one
direction, the electric current will flow in one
direction; if the magnetic field moves in the
opposite direction (decreasing is the same
thing, in effect) the current will move in the
opposite direction. Mechanical methods are
used to generate alternating current by this
principle, using rotating machinery, and the
machines are called aliernating-current gener-
ators or alternators. Their design is such that the
current in the wire (or voltage across the
terminals) will go from zero to a peak value and
back to zero, and up to a peak value in the op-
posite direction and back to zero, in what is
called a sine wave (see Chapter IV). The
length of time that it takes to go through this
cycle is called the period; the number of times
it goes through this cycle, per second, is called
the frequency.

It may be a little difficult at first to visualize
how the values of alternating currents and
voltages can be obtained, since they vary from
one direction to the other, and the average
value would be zero in spite of any peak value
they might have. Actually, however, it is
simplified by defining a current of one ampere
as that amount of alternating current which
will produce the same amount of heat through
a resistance as one ampere of direct current.
From this, one volt of alternating current

Iron Core

[~ ——
Seconde
‘\: EE ndary

Primary

FIG. 307 — SCHEMATIC REPRESENTATION OF A
TRANSFORMER
Alternating current flowing in the primary winding
induces a current in the secondary winding. The ratio
of the primary voltage to secondary voltage is very
nearly equal to the ratio of primary turns tosecondary
turns.
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would force one ampere through a resistance
of one ohm. The subject is treated more fully
in Chapter IV,

Transformers

If two coils of wire are wound on a laminated
iron core, and one of the coils is connected to a
source of alternating current (abbreviated
a.c.), it will be found that there is an alternat-
ing voltage across the terminals of the other
coil of wire, and an alternating current will
flow through a conductor connecting the two
terminals. The explanation is simple: The
alternating current in the first coil, or primary,
causes a changing magnetic field in the iron
core, and this changing magnetic field causes
or induces an alternating current in the second
coil, or secondary. The proportion of primary
voltage to secondary voltage is very nearly
the same as the ratio of primary turns; i.e.,
twice as many secondary turns as primary
turns will give twice as much secondary
voltage, etc. The current proportion goes the
other way — it is inversely proportional to
the turns ratio.

Inductance

When a source of alternating voltage is con-
nected across a coil the coil will not pass as
much current as when an equal direct-current
voltage is placed across the coil. The reason
for this is that when the alternating current is
passed through the coil, the magnetic field
around the coil will increase and decrease in
accordance with the reversals of the alternating
current. The varying field, however, will induce
a varying voltage back in the coil and the
current induced by this varying voltage will
always be in the opposite direction to that of
the current originally passed through the wire.
The result, therefore, is that, because of this
property of self-induction, the coil tends con-
stantly to oppose any change in the current
flowing through it and hence to limit the
amount of alternating current flowing. The
effect can be visualized as electrical inertia. In
the case of the direct current passing through
the coil, the self-inductance only tries to pre-
vent the current flow as it is building up; after
the current has come to a steady value the
self-inductance has no effect and the current
is limited only by the resistance of the wire in
the coil.

The inductance of a coil is measured in
henrys or, when smaller units are more con-
venient, the millihenry (one-thousandth of a
henry) or microhenry (one-millionth of a
henry).

It should be remembered that the higher the
frequency of the current the more the induc-
tance will try to prevent its flow, The rate at
which the magnetic field cuts the coil affects
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FIG. 308 — TWO TYPES OF COIL-CONDENSER
CIRCUITS

The connection at the Ieft is called a “‘parallel”
tuned circuit, that at the right a *‘series’’ circuit. The
parallel circuit has itse maximum impedance at the
r t freq y and h limits the current flow
at that frequency. The series circuit works just
oppositely: the mini imped and h the
maximum current occurs at the resonant frequency
of the circuit.

the self-induced ‘“back voltage’ so that it is
easy to understand why the retarding force
becomes greater as the magnetic field changes
more rapidly. The combined effect of frequency
and inductance in coils is called reactance or
inductive reactance.

Resonance

Consider a coil and condenser connected as
in Fig. 308-A, with a source of alternating
voltage connected across the circuit. If the
frequency of the alternating voltage is low,
practically all of the current will pass through
the coil, since its reactance is low and the
condenser reactance is high at low frequencies.
When the voltage-source frequency is high,
practically all of the current will flow through
the condenser, since its reactance is low and the
coil’s is high. However, at some point between
these two frequency limits there will be a fre-
quency where the coil reactance is equal to the
condenser reactance, and it is at this point that
the minimum amount of current will flow
through the circuit. This is called the ‘“reso-
nance frequency’ of the circuit, and follows
a simple relation given in Chapter IV.

Exactly the opposite effect takes place with
the ‘‘series” circuit of Fig. 308-B. Here, when
the frequency is low the condenser limits the
current flow and when the frequency is high
the coil limits it, since the current must pass
through both to complete the circuit. How-
ever, when the reactances are equal, the maxi-
mum amount of current will flow. This fre-
quency is also called the ‘‘resonance fre-
quency” and, if the coil and condenser were
the same in this series circuit as in the above-
described ‘““parallel circuit,” the resonance
frequencies in the two cases would be the
same. However, in the parallel circuit the cur-
rent would be a minimum and in the other a
maximum, at resonance.

If a source of current is connected to a cir-
cuit containing inductance and capacity, the
condenser will become charged and will dis-
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charge through the coil. The rate of flow of
current will be retarded by the inductive
reactance of the coil and the discharge of the
condenser will not be instantaneous. As the
current continues to flow from the condenser
into the coil, the energy initially stored in the
condenser will become stored in the magnetic
field about the coil. When substantially all the
energy in the circuit is stored in this field,
the field will start to collapse, causing a con-
tinued flow of current through the circuit and
charging the condenser, but in the opposile
direction. Then, when all the energy again is

FIG. 309 —THE SEQUENCE

OF A HALF-CYCLE OSCIL-

LATION IN A RESONANT
CIRCUIT

‘The condenser discharging
through the coil sets up a
magnetic field around the coil.
When the condenser is fully
discharged, the magnectic field
starts to collapse, cutting the
coil in the opposite direction.
This causes current to flow in
the opposite direction and the
condenser is charged again.
but with the opposite polarity.

stored in the condenser, the sequence is re-
peated in the opposite direction. This process
is called oscillation and will occur at the
resonant frequency of the coil and condenser
combination. The process would continue
indefinitely if it were possible to make coils
and condensers without resistance, but it
isn’t, and so the energy is dissipated rapidly
in the form of heat caused by the current flow-
ing through the resistance of the coil. The
process of the oscillation dying out because of
resistance losses is called damping, and is over-
come in practical circuits by continuously
supplying energy to replace that which is dis-
sipated. It must, of eourse, be supplied at the
correct frequency, else it would buck the oscil-
lations and prevent their building up. The fact
that the coil and condenser combination will
respond best to only one frequency is often
utilized in radio work since, if either the indue-
tance or capacity is made variable, any reso-
nance frequency can be selected, over the
range of variation. “Tuning” a rcceiver or
transmitter generally only means adjusting
the circuits to resonance and hence, best
response for the desired frequency.

You can demonstrate resonance to yourself
by fastening a rubber band to a fountain pen
or other suitable weight. Hold the other end of

the rubber band, with the weight dangling,
and move your hand up and down slowly over
a distance of an inch or two. The weight will
move up and down with your hand, the rubber
band stretching but little. Now move your
hand up and down quite rapidly; the weight
will stand still ‘and the band will take all the
motion. Experiment with different speeds, or
frequencies, and you will find a point where
both weight and band will move the most,
and you will also observe that you need only
supply a small amount of energy to keep the
system oscillating. The weight represents
inductance (inertia), the rubber band acts like
the condenser, and the motion of your hand is
the applied voltage or current.

ELECTRONS IN MOTION—RADIO
FREQUENCY

You are now familiar with oscillating cir-
cuits where the energy is stored in the magnetic
field of the coil and the electrostatic field of
the condenser, and always returned to the cir-
cuit. This is true where the frequency is rela-
tively low, but as the frequency is increased
to above 20,000 cycles per second or so, it will
be found that all of the energy does not return
but escapes in the form of electromagnetic radia-
tion. In other words, the energy is radiated
into space. Not much escapes from the con-
ventional tuned circuit described above, but if
this tuned circuit is replaced by its electrical
equivalent in the form of a long wire (see Chap-
ter 1V) practically all of the energy will be
sent out into space. This radiation of energy
through space is the basis of all radio com-
munication, since intelligence can be trans-
mitted if the radiated energy is varied in
accordance with telegraph characters or speech
syllables, and picked up at the receiver and re-
converted into sound.

You now have the complete picture of the
family of moving electrons, or electricity. Elec-
trons at rest in the form of static (meaning
still) charges; electrons moving in one direction
forming direct-current flow; electrons moving
back and forth at regular periods to form alter-
nating current, and, when the frequency be-
comes great enough, radiating their energy
out into space. One thing is important: The
radio-frequency currents in the antenna set up
fields of energy which travel through space —
the electrons themselves are not hurtled
through the air. Radio waves travel through
space with the speed of light, roughly about
186,000 miles per second, or seven times
around the world in one second. Normally
traveling in straight lines from the radiating
point, radio waves can be bent or refracted in
the upper atmosphere and thus transmitted to
a point on the opposite side of the earth.
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CHAPTER FOUR

RADIO CIRCUIT EQUATIONS,
TERMS AND DEFINITIONS

Now that we have some conception of
what an electric current really is and of the
different forms in which electricity is to be
found, we may proceed to examine its effects in
the apparatus which is to be used in radio work.

We have already mentioned that any sub-
stance in which an electric current can flow is a
conductor and we have also pointed out that
some substances conduct more readily than
others — they have less resistance. Most of the
conductors in radio apparatus — such as wir-
ing, coils, etc. — are required to have the
greatest conductivity or the least resistance
possible. They are of metal, usually copper.
But many of the conductors are actually placed
in the circuit to offer some definite amount of
resistance. They are known under the general
term of resistors and the amount of resistance
they (or any conductor) offer is measured in
ohms.

OIIM’S LAW

‘VHEN a current flows in any electric circuit,
the magnitude of the current is determined by
the electromotive force in the circuit and the
resistance of the circuit, the resistance being de-
pendent on the material, cross-section and
length of the conductor. The relations which
determine just what current flows are known
as Ohm’s Law. It is an utterly simple law but
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FIG. 401 — DIAGRAMS OF SERIES, PARALLEL AND
SERIES-PARALLEL RESISTANCE CONNECTIONS

onc of such great value that it should be studied
with particular care. With its formula, carry-
ing tcrms for current, electromotive force and
resistance, we are able to find the actual con-
ditions in many circuits, provided two of the
threc quantities are known. When 7 is the cur-
rent in amperes, E is the electromotive force in
volts and R is the circuit resistance in ohms,
the formulas of Ohm’s Law are:

E E
I—Ti E=IR

oI

The resistance of the circuit can therefore be

found by dividing the voltage by the current: the

currenl can be found by dividing the voltage by

the resistance: the electromotive force or e.m.f. is

cqual to the product of the resistance and the
current.

RESISTANCES IN SERIES AND
PARALLEL

I‘ESISTORS, like battery cells, may be con-
nected in series, in parallel or in series-parallel.
When two or more resistors are connected in
series, the total resistance of the group is higher
than that of any of the units. Should two or
more resistors be connected in parallel, the
total resistance is decreased. Fig. 401 and the
following formulas show how the value of a
bank of resistors in series, parallel or series-
parallel may be computed, the total being
between A and B in each case.

Resistances in series:
Total resistancein ohms =R, + Ry + R3 + Ry

Resistances in parallel:

Total resistance in ohms = -l

1,1 1 1

R, + Ry u R u Ry

Or, in the case of only 2 resistances in
parallel,

. . . R\R,
Total reststance in ohms = —Rl T R,
Resistances in series-parallel:

Total resistance in ohms =
1

1 1 1 - 1

+ +
Ry + Re K3 + Ry Rs+Rg  Ri+ Ry + Ry
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ALTERNATING CURRENT VALUES

I~ Fig. 402 a curve describing the voltage
developed by an alternating-current generator
during one complete cycle is shown. This curve
is actually a graph of the instantaneous values
of the voltage amplitude, plotted against time,
assuming a theoretically perfect generator, It
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FIG. 402 — REPRESENTING SINE-WAVE ALTER-
NATING VOLTAGE AND CURRENT

is known as a sine curve, since it represents
the equation
e = Epuxsin wt

where ¢ is the instantaneous voltage, Ep,x is
the maximum voltage and ¢ is the time from
the beginning of the cycle. The term w, or 2xf,
represents the angular velocity, there being 2x
radians in each complete cycle and f cycles per
second. All the formulas given for alternating
current circuits have been derived with the
assumption that any alternating voltage under
consideration would follow such a curve.

It is evident that both the voltage and cur-
rent are swinging continuously between their
positive maximum and negative maximum
values, and it might be wondered how one can

speak of so many amperes of alternating cur-
rent 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 at the same average rate as one ampere of
continuous direct current flowing through a given
resistor. This effective value is the square root
of the mean value of the instantaneous current
squared. For the sine-wave form,

Eoy = \/%Emnx2

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 15 or 0.707
of the maximum value — practically consid-
ered 709, of the maximum value,

Another important value, involved where
alternating current is rectified to direct current,
is the average. This is equal to 0.636 of the
maximum (or peak) value of either current or
voltage. The three terms mazimum (or peak),
effective (or r.m.8.) and average are so important
and are encountered so frequently in radio
work that they should be fixed firmly in mind
right at the start.

They are related to each other as follows:

me £ Ee" X 1.414 = E‘vg X 1.57
Ee" = me X 707 = E.vg %X 1.11
E.ve = Emax X .636 = Egqy X .9

The relationships for current are the same as
those given above for voltage. The usual alter-
nating current ammeter or voltmeter gives a
direct reading of the effective or r.m.s. (root
mean square) value of current or voltage. A
direct current ammeter in the plate circuit of

Alternating current a.c.
Ampere (amperes) a.
Antenna ant.
Audio frequency a.f.
Centimeter cm.
Continuous waves c.w.
Cycles per second c.p.s.

Decibel db

Direct current d.c.
Electromotive force e.m.f.
Frequency e
Ground gnd.
Henry h.
High frequency h.f,
Intermediate frequency i.f.
Interrupted continuous waves i.c.w.
Kilocycles (per second) ke.
Kilowatt kw.
Megacycle (per second) Me.

ABBREVIATIONS FOR ELECTRICAL AND RADIO TERMS

Megohm Mg
Meter m.
Microfarad ufd.
Microhenry ph.
Micromicrofarad wuufd.
Microvolt uv.
Microvolt per meter uv/m
Microwatt uw.
Milliampere ma.
Millivolt mv
Milliwatt mw,
Modulated continuous waves m.c.w
Ohm Q
Power P.
Power factor p.f.
Radio frequency r.f.
Ultra-high frequency u.h.f.
Volt (volts) v.
Watt (watts) w.
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a vacuum tube approximates the average value
of rectified plate current. Maximum values
can be measured by a peak vacuum-tube volt-
meter, Instruments for making such measure-
ments are treated in Chapter Sixteen.

COMPLEX WAVESN

;\LTERNA'HNG currents having the ideal sine-
wave form just described are practically never
found in actual radio circuits, although waves
closely approximating the perfectly sinusoidal
can be generated with laboratory-type equip-
ment. Even the current in power mains is
somewhat non-sinusoidal, although it can be
considered sinusoidal for most practical pur-
poses. In the usual case, such a current actually
has components of two or more frequencies
integrally related, as shown in Fig. 403. The
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FIG. 403 — A COMPLEX WAVE AND I'FS SINE-WAVE
COMPONEN'TS

lowest and principal frequency is the funda-
mental, The additional frequencies are whole-
number multiples of the fundamental fre-
quency (twice, three times, ete.), and are called
harmonics. One of double frequency is the sec-
ond harmonice, one of triple frequency the third
harmonic, ete. Although the wave resulting
from the combination is non-sinusoidal the
wave-form of each component taken separately
has the sine-wave form.

The effective value of the current or voltage
for such a complex wave will not be the same
as for a pure sine wave of the same maximum
value. Instead, the effective value Jor the com-
plez wave will be equal to the square root of the
sum of the squares of the effective values of the
individual frequency components. That is,

E = E®+ Ef + kg
where E is the effective value for the complex
wave, and E), E;, etc., are the effective values
of the fundamental and harmonies. The same
relation also applies where currents of different
frequencies not harmonically related flow in
the same circuit.

COMBINED A.C. AND D.C.

THERE are many practical instances of simul-
taneous flow of alternating and direct current
in a circuit. When this occurs there s a pulsat-
ing current and it is said that an alternating

CURRENT OR VOLTAGE

(=]

TIME e

FIG. 404 — PULSATING CURRENT COMPOSED OF
ALTERNATING CURRENT SUPERIMPOSED ON
DIRECT CURRENT

current is superimposed on a direct current.
As shown in Fig, 404, the maximum value is
equal to the d.c. value plus the a.c. maximum,
while the minimum value (on the negative a.c.
cycle) is the difference between the d.c. and the
maximum a.c. values. If a d.c. ammeter is used
to measure the current, only the average or
direct-current component will be indicated.
An a.c. meter, however, will show the effective
value of the combination. But this effective
value is not the simple arithmetical sum of the
effective value of the a.c. and the d.c., but is
equal to the square root of the sum of the effective
a.c. squared and the d.c. squared.

! = VLT

where /o, is the effective value of the a,c.
component, I is the effective value of the
combination and Jg, is the average (d.c.) value
of the combination. If the a.c, component is of
sine-wave form, its maximum value will be its
effective value, as determined above, multi-
plied by 1.414. If the a.c. component is not
sinusoidal the maximum value will have a
different ratio to the effective value, of course,
depending on its wave form, as discussed in
the preceding section.

QUANTITY, ENERGY AND
POWER UNITS

I~ spprrion to the volt (unit of pressure),
ampere (unit of low) and ohm (unit of resist-
ance), there are three other electrical units
which are to be distinguished, These are the
coulomb, the unit of quantity (Q); the joule, the
unit of work or energy (W); and the watt, the
unit of power or rate of work P).

One coulomb is the quantity of electricity rep-
resented by a current flow of I ampere for [ sec-
ond. In other words, I coulomh equals I am-
pere-second.

One joule represents the work done in moving 1
coulomb against an electrical pressure of 1 voll.
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In other words, it is a current flow of 1 ampere
for 1 second between two points having a
potential difference of 1 volt.

Power is the rate at which work is done.
Hence, one wait is equal to 1 joule per second.
In other words, it is the rate of work done
when 1 ampere flows between two points hav-
ing a potential difference of 1 volt. Therefore,
power in watls equals wvolts multiplied by
amperes.

Heating Effect and Power (P)

The heating effect of the electric current is
due to molecular friction in the wire caused by
the flow of electricity through it. This effect
depends on the resistance of the wire; for a
given time (seconds) and current (amperes)
the heat generated will be proportional to the
resistance through which the current flows.
The power used in heating or the heat dissi-
pated in the circuit (which may be considered
sometimes as an undesired power loss) can be
determined by substitution in the following
equations:

Since P = EI
and E =1IR
Therefore, P=IRXI =I’R
E
Al i ==
so, since T R
E? E?
P==XR ==
R? x R

P being the power in watts, E the e.m.f. in
volts, and I the current in amperes.

It will be noted that if the current in a
resistor and the resistance value are known, we
can readily find the power. Or if the voltage
across a resistance and the current through it
are known or measured by a suitable volt-
meter and ammeter, the product of volts and
amperes will give the power. Knowing the ap-
proximate value of a resistor (ohms) and the
applied voltage across it, the power dissipated
is given by the last formula.

Likewise, when the power and resistance in a
circuit are known, the voltage and current
can be calculated by the following equations
derived from the power formulas given above:

E = /PR
P
I = R

Just as we can measure power dissipation in
a resistance, we can determine the plate power
input to a vacuum-tube transmitter, oscillator
or amplifier, by the product of the measured
plate voltage and plate current. Since the plate
current is usually measured in milliamperes
(thousandths of amperes), it is necessary to
divide the product of plate volts and milli-

amperes by 1000 to give the result directly in
watts.

Power With Pulsating Current

In a resistance circuit, the power developed
by a pulsating current such as that illustrated
in Fig. 404 will be /3R watts, I being the effec-
tive or r.m.s. value of the current and R the
resistance of the circuit in ohms. In the special
case of sine-wave a.c. having marimum value
equal to the d.c., which represents 100%, modu-
lation of the d.c. by the a.c., the effective value
of the a.c. component is 0.707 (70%) of its
maximum a.c. value and likewise of the d.c.
value. If the two maximum values are each 1

ampere, 4
= V1* ¥.707
=41.5

1.226

IR

1.5 R

Hence, when sine-wave alternating current is
superimposed on direct current in a resistance
circuit the average power is increased 609, if the
mazximum value of the a.c. component 13 equal to
the d.c. component. If the a.c. is not sinusoidal,
the power increase will be greater or less, de-
pending on the alternating-current wave form.
This point is discussed further in connection
with speech modulation in Chapter Ten.

~
Il

P

ELECTROMAGNETISM

Waex any electric current is passed through
a conductor, magnetic effects are produced.
Moving electrons produce magnetic fields. They
are in the form of lines surrounding the wire;
they are termed lines of magnetic force. These
lines of force, in the form of concentric circles
around the conductor, lie in planes at right
angles to the axis of the conductor.

The magnetic field constituted by these
lines of force exists only when current is flow-
ing through the wire. When the current is
started through the wire, we may visualize
magnetic field as coming into being and sweep-
ing outward from the axis of the wire. And on
the cessation of the current flow, the field col-
lapses toward the wire again and disappears.
Thus energy is alternately stored in the field and
relurned to the wire. When a conductor is
wound into the form of a coil of many turns,
the magnetic field becomes stronger because
there are more lines of force. The force is ex-
pressed in terms of magneto-motive force
(m.m.f.) which depends on the number of turns
of wire, the size of the coil and the amount of
current flowing through it. The same magnetiz-
ing effect can be secured with a great many
turns and a weak current or with fewer turns
and a greater current. If ten amperes flow in
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one turn of wire, the magnetizing effect is 10
ampere-turns. Should one ampere flow in ten
turns of wire, the magnetizing effect is also 10
ampere-turns.

The length of the magnetic circuit, the
material of which it is made and the cross-
sectional area, determine what magnetic fluz
(®) will be present. And just as the resistance
of the wire determines what current will flow in
the electric circuit, the reluctance (x) of the
magnetic circuit (depending on length, area
and material) acts similarly in the magnetic
circuit.

1= R0 the electric circuit; so

= in the magnetic circuit.
Permeability is the ratio between the flux
density produced in a material by a certain
m.m.f. and the flux density that the same
m.m.f. will produce in air. Iron and nickel have
higher permeability an air. Iron has a perme-
ability some 3000 times that of air, is of low
cost, and is therefore very commonly used in
magnetic circuits of electrical devices.

Inductance (L)

The unit of self-inductance is the henry. A
coil has a self-inductance of 1 henry when a
rate of current change of 1 ampere per second
causes an induced voltage of 1 volt. This basic
unit is generally used with iron-core coils (as in
power-supply filter circuits), but is too large
for convenience in many radio applications.
Therefore, smaller units are also used. These
are the millihenry (mh), equal to one-thou-
sandth henry; and microhenry (uh), one-
millionth henry. The practical formula for
computing the inductance of air-core radio
coils is:

T34 + 9B + 10C

where L is the inductance in microhenrys

A is the mean diameter of the coil in

inches

B is the length of winding in inches

C is the radial depth of winding in inches

N is the number of turns.
The quantity C may be neglected if the coil is a
single-layer solenoid, as is nearly always the
case with coils for high frequencies.

For example, assume a coil having 35 turns
of No. 30 d.s.c. wire on a receiving coil form
having a diameter of 1.5 inches. Consulting the
wire table, we find that 35 turns of No. 30
d.s.c. will occupy a length of one-half inch.
Therefore,

1.5

.5

35

Zwh
W n

and

0.2 X (1.5 X (35)2
B3 X 1.5)4+ (9 X .5)
or 61.25 microhenrys.

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

34 + 9B
N‘\/ 024z xXL

More rapid and convenient calculations in
designing coils can be made with the A.R.R.L.
Lightning Radio Calculator (Type A). Data for
iron-core coils are given in Chapter Fifteen.
Stated generally, the self-inductance of a coil is
tnversely proportional lo the reluctance of ils
magnelic circuil and i3 proportional lo the
square of the number of turns. If the magnetic
circuit is a closed iron core, for instance, the
inductance value might be several thousand
times what it would be for the same coil with-
out the iron core, the reluctance being that
much less than with an air-core. Also, doubling
the number of turns would make the induct-
ance 4 times as great.

Inductances in Series and in Parallel

Coils may be connected in series, in parallel,
or in series-parallel. If connected in series, the
total inductance is increased just as the total
resistance is increased with resistances in
series, provided the magneiic flux of either coil
does not link with the turns of the other. With the
same restriction, the total inductance of coils
connected in parallel is reduced just as the
total resistance is reduced with resistors
connected in parallel. Correspondingly, coils
may be connected in series-parallel combina-
tions. The equations for inductances in series,
in parallel and in series-parallel are the same as
those given for resistances, with the proper
inductance values substituted for resistance
values,

L

Magnetic Energy Storage (W)

The tendency of coils to prevent changes in
current flow gives them the ability to store
energy. This energy storage is proportional to
the inductance of the coil and to the square of

the current. .

Energy stored in coil = %

where the energy is in joules or watt seconds,
L is the inductance in henrys, I is the current
in amperes.

This property is of particular importance in
the filter systems used for transmitter and
receiver power supply which are described in a
later chapter.

Inductive Reactance (XL)

As we have learned, a coil tends to limit the
amount of current which an alternating voltage
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can send through it. A further very important
fact is that a given coil with a fixed amount of
inductance will retard the flow of a high fre-
quency alternating current much more than a
low frequency current. We know, then, that
the characteristic of a coil in retarding an
alternating current flow depends both on the
inductance of the coil and on the frequency of
the current. This combined effect of frequency
and inductance in coils is termed reactance, or
inductive reactance.
The inductive reactance formula is:
X1 = 2x=fL

where: X, is the inductive reactance in ohms

T is 3.1416

f is the frequency in cycles per second

L is the inductance in henrys

From this it is evident that inductive reactance
is directly proportional to frequency and also
directly proportional to the value of induct-
ance.

Capacity or Capacitance (C)

The characteristic which permits a con-
denser to be eharged is termed capacity or
capacitance. The capacity of a condenser de-
pends on the number of plates in each element,
the area of the plates, the distance by which
they are separated by the dielectric and
the nature of the dielectric. Glass or mica as
the dielectric in a condenser would give a
greater capacity than air — other things being
equal.

The unity of capacity is the farad. A more
common term in practical work is the micro-
farad (abbreviated ufd.) while another (used
particularly for the small condensers in high-
frequency apparatus) is the micromicrofarad
(abbreviated upufd.). The ufd. is one millionth
of a farad; the uufd. is one millionth of a micro-
farad.

The formula for the capacitance of a con-
denser is

kA (n — 1)
T 4wd X 9 X 10°

8l

kA
.00887 (n — 1) 10-5ufd.

where A = area of one side of one plate (sq.
cm.,)
n = total number of plates
d = separation of plates (em.)
k = specific inductive capacity or di-
electric constant of the dielectric.
When A is the area of one side of one plate
in square inches and d is the separation of the
plate in inches,

kA
C = .022357 (n — 1) 1075ufd.

The dielectric constant determines the quan-
tity of charge which a given separation and

area of plates will accumulate for a given
applied voltage. The ‘‘inductivity” of the
dielectric varies as in the table. “k” is the ratio
of the capacitance of a condenser with a given
dielectric to its capacitance with air dielectric.

Table of Dielectric Constants
Puncture vollage

Kilovolts Kilovolts

Diclectric “kT per cm. per inch.
Air (normal pressure) 1.00 7.89.0 19.8-22.8
Flint Glass 6. tol0 900 2280
Mica 4.6 to 8 1500 3810
Paraflin Wax (solid) 2.0 to2.5 400 1017
Sulphur 3.9t0d42 — _—
Castor Oil 4.7 150 381
Porcelain 1.4 e —_—
Quartz 4.5 e —
Resin 2.5 e
Olive Oil 3.1 120 305
Gutta Percha 3.3 to4.9 80-200 203-508
Shellac 3.1 . .
Common Glass 3.1 to4.0 300-1500 762-3810
Turpentine 2.23 110-160 280406
Dry Oak Wood 2.5 t06.8 — S
Formica Bakelite, ete. 5 to6 _ o

A considerable variety of types of condens-
ers is used in radio work. Perhaps the most
commonly known type is the variable con-
denser — a unit comprising two sets of metal
plates, one capable of being rotated and the
other fixed and with the two groups of plates
interleaving. In this case, the dielectric is
almost invariably air. Fixed condensers are
also widely used. One type consists of two sets
of metal foil plates separated by thin sheets of
mica, the whole unit being enclosed in molded
bakelite. Yet another type — usually of high
capacity — consists of two or more long strips
of metal foil separated by thin waxed paper,
the whole thing being rolled into compact form
and enclosed in a metal can. Paper impreg-
nated with oil or Pyranol is used as the dielec-
tric in compact high-voltage units. Units of
this type have capacities of from a fraction of
a microfarad to four microfarads or more, and
voltage ratings ranging from several hundred
to several thousand volts.

Electrolytic Condensers

Still another type is the electrolytic con-
denser, widely used in filters of low-power
transmitter plate supplies and in receivers.
One plate of these condensers consists of sheets
of aluminum or aluminum alloy on which a
thin insulating film of aluminum oxide is
formed by polarization; that is, by connecting
this plate to the positive of a d.c. supply. This
electrode is immersed in a liquid electrolyte
in a “wet” type condenser, the electrolyte
actually serving as the other ‘‘plate,” to which
a conductive connection is made by a second
aluminum electrode immersed in the elec-
trolyte. The latter electrode is negative. The
electrolyte is usually a solution of borax and
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horie acid. The “dry” type electrolytic con-
denser is similar but has its electrolyte soaked
into a strip of gauze separating the filmed and
non-filmed electrodes. In both types the thin
film is the dielectric which, together with the
relatively large plate area achieved by the
various methods of construction, gives the
clectrolytic condenser a very high capacitance
in small space. But there is one important
difference between electrolytic condensers and
the other fixed condensers previously de-
scribed. The plate on which the film s formed
always must be maintained at a positive potential
with respect lo the other electrode. Hence, these
condensers can be used only with steady d.c. or
pulsating d.c. voltage applied. Unlike other
types of fixed condensers, they cannot be used in
circuils carrying only allernating current. They
are ordinarily used in capacitances ranging
from 5 to 16 microfarads per unit, although a
few types have capacitance of 100 ufd. or more,
and have voltage ratings of 25 to 500 volts or
higher.

The various types of condensers are usually
designated by their dielectric material, or some
distinguishing component of the dielectric.
Hence, an air-dielectric type is called an “air”
condenser, one having paper impregnated with
Pyranol is called a “Pyranol” condenser, and
S0 0on,

Capacitive Reactance (X¢)

We can readily understand how very differ-
ent will be the performance of any condenser
when direct or alternating voltages are applied
to it. The direct voltages will cause a sudden
charging current, but that is all. The alternat-
ing voltages will result in the condenser be-
coming charged first in one direction and then
the other — this rapidly changing charging
current actually being the equivalent of an
alternating current through the condenser.
Many of the condensers in radio circuits are
used just because of this effect. They serve to
allow an alternating current to flow through
some portion of the circuit but at the same
time prevent the flow of any direct current.

Of course, condensers do not permit alter-
nating currents to flow through them with per-
fect ease. They impede an alternating current
just as an inductance does. The term capacilive
reactance is used to describe this effect in the
case of condensers, Condensers have a react-
ance which is inversely proportional to the
capacitance and to the frequency of the ap-
plied voltage. The formula for eapacitive
reactance is

1
Xe = 27fCra
where X¢ is the capacitive reactance in ohms
wis 3.1416

J is the frequency in cycles per second
Cy4. is the condenser capacitance in
farads.
Where the capacitance is in microfarads
(ufd.), as it is in most practical cases, the
formula beeomes

108
Xe =1
Y 2mfCusq.
104 being 1,000,000.

Condensers in Series and Parallel

Capacitances can be connected in series or
in parallel like resistances or inductances, as
shown in Fig. 405, However, connecting con-
densers in parallel makes the total capacitance
grealer while in the case of resistance and
inductance, the value is lessened by making
a parallel connection.

The equivalent capacity of condensers con-
nected in parallel is the sum of the capacities of
the several condensers so connected

C=Ci+C:+Cy

The equivalent capacity of condensers con-
nected in series is expressed by the following
formula:

FE LRI R

¢ Cz O

When but two condensers are connected in
series, the following expression can bhe used

plpz
T 0+ Cy
Where the net capacitance of a series-parallel
combination is to be found, the capacitance of

PARALLEL-LC' -[-Cz -LC’ QA._C‘
LT T ]
C
Al—ll——lc' l——lk—ls
med lo ]
T T ﬁﬂs__l

FIG. 405 — DIAGRAMS OF SERIES, PARALLEL AND
SERIES-PARALLEL CAPACITANCE CONNECTIONS

SERIES

the series groups can be worked out separately
and then added in parallel combination. As is
also true in the case of resistances in parallel,
the Series-Parallel type Lightning Calculator
is a useful aid in making such determinations.
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Connecting condensers in series increases
the breakdown voltage of the combination al-
though, of course, it decreases the capacitance
available. Condensers of identical capacitance
are most effectively connected in series for this
purpose. Voltage tends to divide across series
condensers in inverse proportion to the ca-
pacitance, so that the smaller of two series
condensers will break down first if the condens-
ers are of equal voltage rating. Before selecting
filter condensers the operating conditions,
voltage peaks and r.m.s. values should be
carefully considered. For further information
on this matter see Chapter Fourteen.

Energy Stored in Condensers (W)

As has been previously shown, magnetic
energy is stored in coils. Likewise, energy is
stored in condensers. But where the amount
of energy is associated with current value
in the case of the coil, it is associated with
e.m.f. in the instance of the condenser. Hence,
it is termed electrosiatic energy. The amount
of energy stored by a condenser is given by this
equation:

2
Energy stored in condenser = -C—2E—
where the energy is in joules (or watt-sec-
onds), C is the capacitance in farads, and E
is the e.m.f. in volts. When the capacitance is
in microfarads, as is usual in practical cases,
the equation is

Energy stored = Cpa.E?
2 X 10¢

10® being 1,000,000 and the answer being in
joules.

This energy storage relation for condensers,
like the energy storage relation for coils, is of
importance in power supply filter circuits.

Resistance-Capacitance Time Constant (RC)

If a charged condenser had infinite resist-
ance between its plates, it would hold the
charge indefinitely at its initial value. However,
since all practical condensers do have more or
less definite resistance (through the dielectric
and between the connecting terminals), the
charge gradually leaks off. Good condensers
have a very high “leakage resistance,” how-
ever, and will hold a charge for days if left
undisturbed.

In a circuit containing only capacitance
and resistance, the time required for the poten-
tial difference between the charged plates of a
condenser to fall to a definite percentage of its
initial value is determined by the capacitance
of the condenser and the value of the resistance.
The relation is of practical importance in many
circuit applications in amateur transmission
and reception, as in time delay with automatic

volume control, resistance-capacitance filters,
ete. For the voltage to fall to 37% (0.37) of its
initial value,
t = RC,

where { is the time in microseconds (millionths
of a second), R is the resistance in ohms, and
C is the capacitance in microfarads. RC should
be divided by 1 million to give the answer in
seconds. This is called the time constant of the
combination. The time required for the voltage
to fall to one-tenth (10%) of its initial value
can be found by multiplying RC, as given
above, by 2.4.

Time constant, ¢, for 90% fall in voltage

2 4116—‘
T
in ufd.

¢ being in seconds, R in ohms and C

Impedance (Z)

The combined effect of resistance and
reactance is termed impedance in the case of
both coils and condensers. The symbol for
impedance is Z and it is computed from this
formula:

Z=+VR +X*
where R is the resistance and X is the react-
ance. The terms Z, R and X are all expressed in
ohms. Ohm’s Law for alternating current cir-
cuits then becomes
E E
Z . 1

When a circuit contains resistance, capaci-
tance and inductance, all three in series, the
value of reactance will be the difference be-
tween that of the coil and that of the condenser.
Since for a given coil and condenser the induc-
tive reactance increases with frequency and
capacitive reactance decreases with frequency,
X1, is conventionally considered positive and
Xc¢ negative.

In finding the current flow through a con-
denser in an alternating current circuit we can

I = E=1Z

E
usually assume that I = Xo (X¢ being the ca-

pacitive reactance of the condenser). The use
of the term Z (impedance) is, in such cases,
made unnecessary because the resistance of the
usual good condenser is not high enough to
warrant consideration. When there is a resist-
ance in series with the condenser, however, it
can be taken into account in exactly the same
manner as the resistance of the coil. The im-
pedance of the condenser-resistance combina-
tion is then computed and used as the Z term
in the Ohm’s Law formulas.

Phase
1t has been mentioned that in a circuit
containing inductance, the rise of current is
delayed by the effect of electrical inertia pre-
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sented by the inductance. Both increases and
decreases of current are similarly delayed. It
is also true that a current must flow into a
condenser before its elements can be charged
and so provide a voltage difference between its
terminals. Because of these facts, we say that
a current ‘‘lags” behind the voltage in a
circuit which has a preponderance of induc-
tance and that the current ‘‘leads’’ the voltage
in a circuit where capacity predominates. Fig.
406 shows three possible conditions in an
alternating current circuit. In the first, when
the load is a pure resistance, both voltage and
current rise to the maximum values simul-
taneously. In this case the voltage and current
are said to be in phase. In the second instance,
the existence of inductance in the circuit has
caused the current to lag behind the voltage.
In the diagram, the current is lagging one
quarter cycle behind the voltage. The current
is therefore said to be 90 degrees out of phase
with the voltage (360 degrees being the com-
plete cycle). In the third example, with a
capacitive load, the voltage is lagging one
quarter cycle behind the current. The phase
difference is again 90 degrees. These, of course,
are theoretical examples in which it is assumed
that the inductance and the condenser have
no resistance. Actually, the angle of lag or
lead depends on the ratio of reactance to
resistance in the circuit.

Another kind of phase relationship fre-
quently encountered in radio work is that
between two alternating currents of identical
frequency flowing simultaneously in the same
circuit. Even in a circuit of pure resistance the
two currents will augment or nullify each
other, depending on whether they are in phase

3
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FIG. 406 — VOLTAGE AND CURRENT PHASE RE-

LATIONS WITH RESISTANCE AND REACTANCE
CIRCUITS

Time

or out of phase. When two such currents are
of the same frequency and in phase they are
said to be synchronized, the maximum ampli-
tude of the combination then being the arith-
metical sum of the two separate amplitudes.
The maximum amplitude will be lessened as
the phase differs, reducing to zero amplitude
with two equal currents when the phase angle
becomes 180 degrees. The latter condition is
known as phase opposition.

Power Factor

In a direct current circuit, or in an alter-
nating current circuit containing only resist-
ance, the power can be computed readily by
multiplying the voltage by the current. But
it is obviously impossible to compute power in
this fashion for an alternating current circuit
in which the current may be maximum when
the voltage is zero; or for any case in which the
voltage and current are not exactly in phase.
In computing the power in an a.c. circuit we
must take into account any phase difference
between current and voltage. This is made
possible by the use of a figure representing the
power faclor,

The power factor is equal to the actual power
in the circuit (walts) divided by the product of the
current and voltage (volt-amperes). In terms of a
circuit property, it is equal to the resistance
divided by the impedance in the circuit. In the
case of a circuit containing resistance only, the
ratio is 1 and, hence, the power factor is 1009,
(unity). If there is reactance only in the circuit
(zero resistance), then the power factor is zero.
In circuits containing both resistance and
reactance the power factor lies between these
two values. As instances, a good condenser
should have nearly zero power factor as should
a good choke coil. Resistors for use in a.c.
circuits should, on the other hand, have a
power factor of 1009,

Oscillation Frequency — Resonance

It has been shown that the inductive react-
ance of a coil and the capacitive reactance of a
condenser are oppositely affected with fre-
quency. Inductive reactance increases with
frequency; capacitive reactance decreases as
the frequency increases. In any combination of
inductance and capacitance, therefore, there is
one particular frequency for which the induc-
tive and capacitive reactances are equal and,
since these two reactances oppose each other,
for which the net reactance becomes zero,
leaving only the resistance of the circuit 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.

In practical terms, since at resonance the
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inductive reactance must equal the capacitive
reactance, then

. 1
X1, = Xcor 2xfL, = 7afC
The resonant frequency is, therefore,
1
= — X 108
2rvV/LC

where
f is the frequency in kilocycles per second
27 is 6.28
L is the inductance in microhenrys (uh.)
C is the capacitance in micro microfarads
(upfd.)
The resonance equation in terms of wave-
length is

A = 1.8857/ Lun. Cppia.

where
N is the wavelength in meters
Lun. is the inductance in microhenrys
Cupid. is the capacitance in miecromicrofarads

LC Constants

From this it is evident that the product of
L and C is a constant for a given frequency and
that the frequency of a resonant circuit varies in-
versely as the square root of the product of the
inductance and capacitance. In other words,
doubling both the capacitance and the induc-
tanee (giving a product of 4 times) would halve
the frequency; or, reducing the capacitance by
one-half and the inductance by one-half would
double the frequency; while leaving the induc-
tance fixed and reducing the capacitance to
one-half would increase the frequency 409.
To double the frequency, it would he necessary

LC Constants for Amateur and Intermediate

Frequencies
15 C
Frequency Band l uh. upfd. : LX¢c
|
1750-ke. 90 90 8100
3500-ke. | 45 45 2025
7000-ke. 22.5 22.5 506.25
14-Me. 11.25 11.25 126.55
28-Me. 5.63 5.63 31.64
see | 282 | 28 | 7.01
450-ke. | 455 | 355 | 126,025

to reduce either the capacitance or the induc-
tance to one-fourth (leaving the other fixed).
The accompanying table gives .C values for
reference at amateur-band and superhet inter-
mediate frequencies. This table, in combina-
tion with the above general rules, will he of
practical use in estimating the constants of
tuned circuits for amateur transmitters and
receivers. Note that the numerically equal in-

ductance and capacitance values listed are in
microhenrys and micromicrofarads, respec-
tively, giving L/C ratios for the three lower
frequency amateur bands approximating those
usual in receiver tuned circuits. These ratios
would be considered relatively ‘‘low-C" or
“high-L” in transmitter practice (low ratio of
capacitance to inductance, or high ratio of in-
ductance to capacitance). Extremely high-¢’
circuits for these bands would have capaci-
tances greater by 10 times or so, and induc-
tances proportionately smaller. Actual circuits
for the three higher-frequency bands would
necessarily have to have smaller inductance
values because the minimum capacitances at-
tainable in circuits would be larger than those
indicated. Practical values are given in the
later chapters describing apparatus.

SERIES AND PARALLEL
RENONANCE

AL rracTicAL tuned circuits can be treated
as either one of two general_types. One is the

A-SERIES RESONANCE

onstont
A Vortoge -

- Yoriable
Freguency

et
B~ PARALLEL RESONANCE

CURRENT IN SERIES CIRCUIT-AMPERES
IMPEDANCE OF PARALLEL CIRCUIT-OHMS

INCREASING FREQUENCY ~——>=

FIG. 407 — CHARACTERISTICS OF SERIES-RESO-
NANT AND PARALLEL-RESONANT CIRCUFTFS

series resonant circuit in which the inductance,
capacitance, resistance and source of voltage
are in series with each other. With a constant-
voltage alternating current applied as shown in
A of Fig. 407 the current flowing through such
a circuit will be maximum at resonant fre-
quency. The magnitude of the current will be
determined by the resistance in the circuit.
The curves of Fig. 407 illustrate this, curve a
being for minimum resistance and curves b and
¢ hbeing for greater resistances.

The second general case is the parallel reso-
nant circuit illustrated in B of Fig. 407. This
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. Here we are not primarily
interested in the current flowing through the
circuit but in its characteristics as viewed from
its terminals, especially in the parallel im-
pedance it offers. The variation of parallel
impedance of a parallel resonant circuit with
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frequency is illustrated by the same curves of
Fig. 407 that show the variation in current,
with frequency for the series resonant circuit.
The parallel impedance is maximum at reso-
nance and increases with decreasing series
resistance. Although both series and parallel
resonant circuits are generally used in radio
work, the parallel resonant circuit is most
frequently found, as inspection of the dia-
grams of the equipment described in subse-
quent chapters will show.

High parallel impedance is generally desira-
ble in the parallel resonant circuit and low
series impedance is to he sought in series reso-
nant circuits. Hence low series resistance is
desirable in both cases.

Sharpness of Resonance (Q)

It is to be noted that the curves become
“flatter” for frequencies near resonance fre-
quency as the internal series resistance is
increased, but are of the same shape for all re-
sistances at frequencies further removed from
resonance frequency. The relative sharpness of
the resonance curve near resonance frequency
is a measure of the sharpness of tuning or
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FIG. 408 — HHOW THE VALUE OF Q IS DETERMINED
FROM TIHE RESONANCE CURVE OF sLE
CIRCUIT

selectivity (ability to discriminate between
voltages of different frequencies) in such cir-
cuits. This is an important consideration in
tuned circuits used for radio work. Since the
effective resistance is practically all in the coil,
the condenser resistance being negligible, the
efliciency of the coil is the important thing
determining the ““goodness’” of a tuned circuit.
A useful measure of coil efficiency, and hence of
tuned circuit selectivity, is the ratio of the
coil’s reactance to its effective series resistance.
This ratio will be recognized as approximately
the reciprocal of the circuit property of power
factor previously discussed, and is designated
by Q.

2nfl

@="p

The value of ) is determined directly from
the resonance curve of either a series-resonant
or parallel-resonant circuit as shown in Fig.
108, It is given by the ratio of the resonance
frequency to the difference between the fre-
quencies at which the series current (for the
series-resonant circuit) or the parallel voltage
(for the parallel-resonant circuit) becomes
70% of the maximum value. A Q of 100 would
be considered good for coils used at the lower
amateur frequencies, while the @ of coils for
the higher frequencies may run to several
hundred. It must be remembered, however,
that @ represents a ratio, so that the actual
frequency width of the resonance curve would
be proportionately greater for a high-frequency
circuit than for a low-frequency circuit having
the same value of Q.

Radio Frequency Resistance — Skin Effect

The effective resistance of conductors and
coils at radio frequencies may be many times
the “‘ohmic’’ resistance of the same conductors
as it would be measured for direct current or
low-frequency alternating current. This is
largely due to the skin effect, so called because
the high-frequency current tends to concen-
trate on the outside of the conductor, leaving
the inner portion carrying little or no current.
1t is for this reason that hollow copper tubing
is widely used in the coils and connections of
high-frequency circuits. However, the current
may not be distributed uniformly over the
surface. With flat conductors the current tends
to concentrate at the edges and with square
conductors it tends to concentrate at the
corners. In addition to the skin effect, dielectric
losses due to insulators and resistance losses
in other conductors in the field of the conductor
contribute to its effective resistance. The
effective resistance is measured as the power in
the ctrcuit divided by the square of the mazimum
effective radio-frequency current.

Parallel-Resonant Circuit Impedance (Z)

The parallel-resonant circuit offers pure
resistance (its resonant impedance) between
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F1G. 09 — THE IMPEDANCE OF A PARALLEL-RES-

ONANT CIRCUIT SEPARATED INTO ITS REACT-
NCE AND RESISTANCE COMPONENTS

‘The parallel resistance is equal to the parallel im-
pedance at resonance.
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its terminals at resonance frequency, and be-
comes reactive for frequencies higher and lower.
The manner in which this reactance varies
with frequency is shown by the indicated curve
in Fig. 409. This figure also shows the parallel
reststance component which combines with the
reactance to make up the impedance. The re-
active nature of parallel impedance at fre-
quencies off resonance is important in a number
of practical applications of parallel-tuned
circuits, in both transmitters and receivers,
and it will be helpful to keep this picture in
mind,

The maximum value of parallel impedance
which is obtained at resonance is proportional

.

circuits. 1t is by such coupling that energy is
transferred from one circuit to another. Such
coupling may be direct, as shown in A, Band C
of Fig. 410, utilizing as the mutual coupling
element, inductance (A), capacitance (B) or
resistance (C). These three types of coupling
are known as direct inductive, direct capacitive,
or direct resistive, respectively. Current circu-
lating in one LC branch flows through the com-
mon element (C, R or L) and the voltage de-
veloped across this element causes current
flow in the other CL branch. Other types of
coupling are the tndirect capacitive and trans-
former or inductive shown below the others.
The coupling most common in high-frequency

circuits is of the latter type.

el LI = 1 L - 1 L In such an arrangement the
S 5 E T T 3 e T T coupling value may be

= Ly = =w E $Ru changed by changing the

& = - = c ] number of active turns in
A~ Inductive B - Capacitive C - Resistive either coil or by changing

DIRECT COUPLING

the relative position of the
coils (distance or angle between them).
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All of the above coupling schemes
may be classified as either tight or
loose. Coupling cannot, however, be
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measured simply in ‘“‘inches’ separa-
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FIG. 410 — BASIC TYPES OF CIRCUIT COUPLING

to the square of the inductance and inversely
proportional to the series resistance. (This
resistance should not be confused with the
resistance component of parallel impedance
which has just been mentioned,)

(2xf,L)?
R

Resonant impedance

2nf, L
=0,

Resonant impedance = (2xf,L)Q

In other words, the impedance is equal to the
inductive reactance of the coil (at resonant
frequency) times the @ of the circuit. Hence,
the voltage developed across the parallel
resonant circuit will be proportional to its Q.
For this reason the Q of the circuit is not only a
measure of the selectivity, but also of its gain
or amplification, since the voltage developed
across it is proportional to Z. Likewise, the @
of a circuit is related to the frequency stability
of an oscillator in which it is used, the fre-
quency stability being generally better as the
circuit @ is higher. This is illustrated in practi-
cal applications described in subsequent
chapters.

Since

Coupled Circuits

Resonant circuits are not used alone in very
many instances but are usually associated with
other resonant circuits or are coupled to other

E - 7ransformer

tion of coils. The separation between
the coils (distance and angle between
axes) and the inductance in each de-
termine the coefficient of coupling.

Coefficient of Coupling (k)

The common property of two coils which
gives transformer action is their mutual in-
ductance (M). Its value is determined by self-
inductance of each of the two coils and their
position with respect to each other. In practice,
the coupling between two coils is given in
terms of their coefficient of coupling, designated
by k. The coupling is maximum (unity or
1009%,) when all of the flux produced by one
coil links with all of the turns of the other.
With air-core coils in radio-frequency circuits
the coupling is much ‘looser” than this,
however. It is generally expressed by the
following relation:

M
vV LyLe

in which k is the coefficient of coupling ex-
pressed either as a decimal part of 1, or, when
multiplied by 100, as a percentage; M is the
mutual inductance; L, is the self-inductance
of one coil; and Ly is the self-inductance of the
other coil, M, L, and L; must be in the same
units (henrys, millihenrys or microhenrys).
Critical coupling is that which gives the
maximum transfer of energy from the primary
to the secondary. However, the sharpness of
resonance for the combination is considerably
lessened under this condition. With coupling

k =
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greater than critical, the resonance curve has
two “humps” appreciably separated. For good
selectivity the coupling is therefore made con-
siderably less than the critical value, even
though this reduces the amplification or gain.
With the coil combinations used in radio re-
ceivers, coupling of the order of £ = 0.05%, or
less is representative, whereas for critical cou-
pling the coefficient might be 0.5% to 1.09%.
The value of the coefficient for critical coupling
is also related to the respective Q’s of the two
coils:
1

korit. = \/@:

where the two @ values are for the primary and
secondary, respectively. For instance, if the
primary and secondary Q’s are equal, the value
of critical k is the reciprocal of the @ for one
coil — 0.01 or 19, where each has a @ of 100.
Therefore, for the same values of self-induc-
tance, k becomes smaller as @ becomes higher.

IMPEDANCE MATCHING

Kt srouLp be kept in mind that, as has been
previously mentioned, both single resonant
circuits and coupled circuits are used in con-
junction with other circuit elements. These
other elements introduce resistance into the
resonant circuits, and modify the constants
that they would have by themselves, In prac-
tice it is seldom possible for the amateur to pre-
calculate the effect of such reactions, since the
other quantities are usually unknown. In any
case, it is usually necessary to arrive at ‘‘best
conditions” by the practical process of adjust-
ment. However, the foregoing general informa-
tion is helpful in preliminary design or choice
of tuned circuit combinations, and in under-
standing why certain changes are likely to
cause different behavior in circuit performance.

It is a well-known principle in radio circuit
design that the maximum gross power of a gen-
erator, such as a vacuum tube, will be
delivered to its load when the load re-
sistanceisequal to theinternal resistance  z,
of the generator. In other words, max-
imum power would be taken from the
generator when its resistance was exactly
maliched by the load resistance. Although
this particular statement is literally true,
it might not describe the most desirable
condition of loading. For one thing, the
efficiency would be only 509, half the power
being consumed in the generator and half in the
load. From the principle, however, hasgrown up
a system of more or less standard practice in de-
signing radio circuits which comes under the
broad heading of impedance malching. The
term means, generally, thal the load impedance

‘ ’In |
> 'Q-HMM

presented to the source 18 iransformed lo suit
given requirements. This is accomplished by
transformers and other coupling devices.

Iron-core transformers are widely used for
coupling between load and vacuum-tube in
audio-frequency amplifiers, for instance. In
such cases the value of proper load resistance
(load impedance) for maximum undistorted
power output will be given for the tube. This
load resistance, it will be noted, is not the same
as the rated plate resistance of the tube,
which is equivalent to its internal resistance as
a generator. A second figure will be given for
the actual impedance of the load device to
which the tube must supply undistorted power.
The matching of this load to the given require-
ments of the tube is the job of the coupling
transformer, the job being to make the actual
impedance of the load device appear as the
rated load impedance of the tube, so far as the
tube is concerned. This requires that the trans-
former have the proper ratio of secondary to
primary turns. The turn ratio will be equal lo the
square rool of the impedance ratio.

N, _ |z
NP— ZP

where N, and Np are the numbers of secondary
and primary turns, Z, is the impedance of the
load device and Z,, is the rated load resistance
of the tube. This will also be the voltage ratio
of the transformer.

Transformers are also used to provide proper
impedance matching in radio-frequency cir-
cuits, although here the problem is not one of
simply choosing a calculated turn ratio. Rather,
the right condition is arrived at by adjustment
of turns and distance between coils, as shown
in the later chapters on transmitters.

Matching by Tapped Circuits

In addition to impedance matching by in-
ductive coupling with tuned circuits, frequent
use is made of tapped resonant circuits. Two

V:L LEj_ZC

S Z:

o }z,-zzi | 3 :E..rzc Jaenz
B

FIG. 411 — METHODS OF TAPPING THE PARALLEL IM-
PEDANCE OF RESONANT CIRCUITS FOR IMPEDANCE

MATCHING

methods for parallel resonant circuits are il-
lustrated in Fig. 411. In one case (A) the
tapping is across part of the coil, while in the
other (B) it is across one of two tuning con-
densers in series. In both cases the impedance
between the lap points will be to the total imped-
ance practically as the square of the reactance
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between the tap points is to the tolal reactance of
the branch in which the tapping is done. That is,
if the coil is tapped in the center the reactance
hetween the tap points will be one-half the
total inductive reactance and the impedance
between these points will he (12)%2 or one-
fourth the total parallel impedance of the cir-
cuit. The same will apply if the tap is made
across one of two equal eapacitance condensers
connected in series. If the condenser across
which the tap was made had twice the capaci-
tance of the other, however, the impedance
Z, would be one-ninth the total, since the re-
actance between the tap points would then
be but a third — capacitive reactance decreas-
ing as the capacitance is increased.

Link Coupling

Another coupling arrangement used for im-
pedance matching radio-frequency circuit is
that known as link coupling. It is used for
transferring energy between two tuned circuits

:
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FIG. 412 — METHODS OF USING LINK COUPLING
FOR IMPEDANCE MA'TCHING

which are separated by space so that there is
no direct mutual coupling between the two
coils. It is especially helpful in minimizing in-
cidental capacitive coupling between the two
circuits due to the distributed capacitance of
the windings, thereby minimizing the transfer
of undesired harmonic components of the de-
sired fundamental. Two typical versions of
link coupling are shown in Fig. 412, Both rep-
resent an impedance step-down from one
tuned circuit to the coupling line, and then
an impedance step-up from the line to the
other tuned circuit.

The arrangement of Fig. 412-A will be
recognized as an adaptation of the impedance-
tapping method previously shown in Fig.
411-A. Tt is sometimes called auto-transformer
link coupling, because the link turns are also
included in the tuned-circuit turns. The ar-
rangement of 412-B differs only in that the
link turns are separate and inductively coupled
to the tuned-circuit turns. The latter system is
somewhat more flexible in adjustment than the
tapping method, since the coupling at either

end of the line can be adjusted in small steps
by moving the link turns with respect to the
tuned-circuit coils. Practical applications of
such link coupling in various forms are de-
scribed in Chapter Eight.

FILTER CIRCUITS

AvLrsoven any resonant circuit is useful for
selecting energy of a desired frequency and
rejecting energy of undesired frequencies, cer-
tain combinations of circuit clements are better
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FIG. 413 —TYPES OF FILTERS AND APPROXI-
MATE CHARACTERISTICS OF FACH

adapted to transmitting more or less uni-
formly over a band of frequencies, or to reject-
ing over a band of frequencies. Such rejecting
action is known as attenuation and such com-
binations are called filters. Filter combinations
are basically of three types, as illustrated in
the simple forms of Fig. 413. A low-pass filter,
asshown in 4, is used to transimit energy below
« given frequency limit and to attentuatec
cnergy of higher frequencics. Filters of this
type are generally used with iron-core coils or
filter chokes in plate power supply systems for
transmitters and receivers. A combination of
inductance and capacitance elements of the
arrangement of . is known as a “x” or “pi”
seclion because its appearance resembles that
of the Greek letter. A section of the type il-
lustrated in B is of opposite character to that
shown in A, passing frequencies above a
designated cut-off limit and attentuating lower
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frequencies and therefore being designated
high-pass. The one shown is known ags a “T”
section, because its form resembles that letter.

A type of filter for transmitting over a band
of frequencies and attenuating outside this
band is shownin C. A combination giving this
action is termed a band-pass filter. The particu-
lar section shown will be recognized as having
the same form as the indirect-capacitive cou-
pling arrangement of Fig. 410-D. Similar per-
formanee is also obtainable with two tuned cir-
cuits inductively coupled. Therefore, such
tuned transformers with proper coupling are
used as band-pass filters, particularly in the
intermediate-frequency circuits of superheter-
odyne receivers.

A particular combination of series-resonant
and parallel-resonant circuit intended to at-
tenuate over a narrow band of frequencies and
transmit at frequencies outside that band is
shown in D of Fig. 413. The series-resonant
circuit would give a very low shunt path im-
pedance at one particular frequency, while the
parallel-resonant circuit in the series path
would have high impedance at that frequency.
Both would therefore combine to reject or trap
out energy over a narrow band of frequencies.
Such action is used in wave traps for use with
receivers.

A given type of filtering action is increased
by using more sections in cascade, or combined
effects are obtained by combining different
types of filter sections. The subject of filters
in all their variations is a highly specialized
and complex matter, however, and cannot be
covered in further detail here. The interested
reader may refer to any standard communica-
tion or radio engineering text for further in-
formation,

In addition to filters employing only coils
and condensers, there are also special types
which use piezo-electric crystals (quartz and
rochelle salts) as selective elements. These are
treated in Chapter Seven.

BRIDGE OR NEUTRALIZING
CIRCUITS
Aroruer special type of circuit widely used
in transmitters, and to some extent in receiv-
ers, is the bridge circuit. Employing combina-
tions of inductance and capacitance, it is used
especially to neutralize the undesired coupling
effect of a capacitance while permitting de-
sired ecoupling. For instance, bridge combina-
tions are generally used for neutralizing the
grid-plate capacitance of triode tubes in trans-
mitter r.f. amplifiers to prevent the feed-back
of energy from the plate to the grid circuit. A
bridge circuit is also used in the crystal filter
of the Single-Signal type superheterodyne to
modify the effective shunt capacitance of the

crystal. Such bridge circuits are generally of
the forms shown in Fig. 414. When the bridge
is balanced, there will be no voltage across one
pair of terminals when excitation is applied to
the other terminals. In most practical cases
two arms of the bridge will be capacitances ¢,
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C. c“gn‘:ckz
In
Ca Cn
Out
A
When Lyxl,,
I-l C! Cn"Cx a
Y/
Cn
Out
8

FIG. 414 — CAIPACITANCE AND INDUCTANCE-CA-

PACITANCE BRIDGE CIRCUITS WIDELY USED

FOR NEUTRALIZING IN TRANSMITTERS AND
RECEIVERS

and Cg as shown in 4, or inductances L; and
Ly shown in B. In both cases C; is the capaci-
tance to be neutralized, while C, is the capaci-
tance adjusted to obtain the balance, With the
capacitance arms of 4, balance will be obtained
when

CoCyx

Cy

¢y =

while with inductance arms of B, balance will
be obtained when

L,C,
Ly

When Ly, = Lz in A4, or when €y = C; in B,
then C, X Cx. This represents a desirable
condition in practical neutralizing circuits,
because balance will be maintained over a
wider frequency range of Lj, Le or C;, C
tuning.

Bridge circuits are also generally used in
resistance, inductance and capacitance meas-
urement. Such bridges usually have calibrated
resistances in two arms, and in calibrated re-
sistance, inductance or capacitance in the “n”’
arm, the unknown being connected in the ‘“2”
arm. Another field in which bridges find im-
portant applications is wire communication,
Standard texts describe a number of these in-
teresting applications, Those just explained

Ca =
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are the ones of greatest practical use to ama-
teurs, however.

CIRCUITS WITH DISTRIBUTED
CONSTANTS—ANTENNAS AND
R.F. CHHOKES

I~ spprmion to resonant circuits containing
lumped capacitance and inductance, there are
important tuned circuits which utilize the dis-
tributed capacitance and inductance that are
inevitable even in a circuit consisting of a
single straight conductor. Transmitting and
receiving antennas are such circuits and de-
pend on their distributed capacitance and
inductance for tuning. A peculiarity of such a
circuit is that when it is excited at its resonant
frequency the current or voltage, as measured
throughout its length, will have different values
at different points. For instance, if the wire
happens to be one in ‘““free space’’ with both
ends open circuited, when it is excited at its
resonant frequency the current will be maximum
at the center and zero at the ends. On the other
hand, the vollage will be mazimum at the ends
and zero at the center. The explanation of this is
that the traveling waves on the wire are re-
flected when they reach an end. Succeeding
waves traveling toward the same end of the
wire (the incident waves) meet the returning
waves (reflected waves) and the consequence of
this meeting is that currents add up at the
center and voltages cancel at the center; while
voltages add up at the ends and currents can-
cel at the ends. A continuous suecession of such
incident and reflected waves therefore gives
the effect of a standing wave in the circuit.

A similar standing-wave or straight-line
resonance effect is experienced even when the
conductor is wound in a long spiral, or coil
having diameter small in proportion to its
length. A single-layer radio-frequency choke is
such a coil. It offers particularly high im-
pedance between its ends at its resonant fre-
quency and also, as will be presently shown for
antennas, at multiples of its fundamental
resonant frequency. Either side of these
resonance peaks it has fairly high impedance,
if it is a good choke, and therefore is useful
over a considerable band of frequencies. Prac-
tically the same results are obtained with
chokes consisting of a number of layer-wound
sections, with all the sections connected in
series.

Frequency and Wavelength

Although it is possible to describe the con-
stants of such line circuits in terms of in-
ductance and capacitance, or in terms of
inductance and capacitance per unit length, it
is more convenient to give them simply in
terms of fundamental resonant frequency or of

length. In the case of a straight-wire circuit,
such as an antenna, length is inversely propor-
tional to lowest resonant frequency. Since the
velocity of the waves in space is 300,000 kilo-
meters (186,000 miles) per second, the wave-
length of the waves is

300,000
- f ke

where X\ is the wavelength in meters and f.. is
the frequency in kilocycles. The electrical length
of an antenna is specified in terms of the wave-
length corresponding to the lowest frequency
at which it will be resonant. This is known as
its fundamental frequency or wavelength. As
shown in the chapter on Antennas, the physi-
cal length is a few percent less than an actual
half-wavelength for an ungrounded (Hertz)
antenna and a quarter-wavelength for a
grounded (Marconi) antenna. This shortening
effect occurs because the velocity of the waves
is less in a conductor than in space. 1t is com-
mon to describe antennas as half-wave, quarter-
wave, etc., for a certain frequency (‘‘half-wave
7000-ke. antenna,” for instance).

Wavelength is also used interchangeably
with frequency in describing not only antennas
but also for tuned circuits, complete trans-
mitters, receivers, etc. Thus the terms ‘‘high-
frequency receiver’” and ‘‘short-wave re-
ceiver,”” or ‘‘75-meter fundamental antenna”
and ‘‘4000-kilocycle fundamental antenna”
are synonymous,

Harmonic Resonance

Although a coil-condenser combination hav-
ing lumped constants (capacitance and in-
ductance) resonates at only one frequency,
circuits such as antennas containing distrib-
uted constants resonate readily at frequencies

2nd Hormonic
Fundemental! or 15¢
Marmonic
3rd Hormonie
a
a
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a-Current Maxima (anti-nodes)

bedef - Current Nodes

FIG. 415 — STANDING-WAVE CURRENT DISTRI-
BUTION ON AN ANTENNA OPERATING AS AN
OSCILLATORY CIRCUIT AT ITS FUNDAMENTAL,
SECOND HARMONIC AND THIRD HARMONIC
FREQUENCIES

which are very nearly, although not exactly,
integral multiples of the fundamental fre-
quency (or wavelengths that are integral
fractions of the fundamental wave length).
These frequencies are therefore in harmonic
relationship to the fundamental frequency
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and, hence, are referred to as harmonics. In
radio practice the fundamental itself is called
the first harmonic, the frequency twice the
fundamental is called the second harmonic, and
S0 on,

Fig. 415 illustrates the distribution of the
standing waves on a Hertz antenna for
fundamental, second and third harmonic ex-
citation. There is one point of maximum cur-
rent with fundamental operation, there are
two when operation is at the second harmonic
and three at the third harmonic; the number of
current maxima corresponds to the order of the
harmonic and the number of standing 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 and Power

It will be remembered that it was shown that
current flow in a conductor was accompanied
by a magnetic field about the conductor; and

Standing Wave
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FIG. 416 — STANDING WAVE AND INSTANTANE-
OUS CURRENT CONDITIONS OF A FOLDED RESO-
NANT-LINE CIRCUIT

that with an alternating current the energy was
alternately stored in the field in the form of
lines of magnetic force and returned to the wire.
But when the frequency becomes higher than
15,000 cycles or so (radio frequency) all the
energy stored in the field is not returned to the
conductor but some escapes in the form of
electro-magnetic waves. In other words, energy
is radiated. Energy radiated by an antenna is
equivalent to energy dissipated in a resistor.
The value of this equivalent resistance is
known as radiation resistance. Radiation re-
sistance values for antennas of different
lengths are given in Chapter Thirteen. Since
it is impossible to measure radio-frequency
power directly with ordinary instruments, the
approximate value of the power in an antenna
can be computed by multiplying its assumed
radiation resistance by the square of the maxi-
mum current (the current at the center of a
fundamental Hertz antenna).

Antenna power (walts) = Radiation resistance

(ohms) X Current Squared (Amperes?)

Resonant-Line Circuits

The effective resistance of a resonant straight
wire — that is, of an antenna — is seen to be
considerable. Because of the power radiated,
or “coupled” to the surrounding medium, the
resonance curve of such a straight-line circuit
is quite broad. In other words, its Qisrelatively
low. However, by folding the line, as suggested
by Fig. 416, the ficlds about the adjacent sec-
tions largely cancel each other and very small
radiation results. The radiation resistance is
greatly reduced and we have a line-type circuit
which can be made to have a very sharp
resonance curve or high Q.

A circuit of this type will have a standing
wave on it, as shown by the dash-line of Fig.
416, 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. 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 elosed
end will be very low, as low as 25 ohms or so at
the lowest. Hence, such lines can be used for
impedance matching, as shown for antenna
systems in Chapter Thirteen, as well as for
stable oscillator circuits in ultra-high frequency
transmitters, as shown in Chapter Twelve.
Resonant lines having electrical lengths of odd
multiples of a quarter-wavelength, or multi-
ples of a half-wavelength, are also widely used
by amateurs for coupling between the trans-
mitter and the radiating portion of the antenna
system, as is also shown in Chapter Thirteen on
antenna systems,

Matched-Impedance Lines

If a two-wire line were made infinitely long
there would be no reflection from its far end
when radio-frequency energy was supplied to
the input end. Hence, there would be no stand-
ing waves on the line and it would be, in effect,
non-resonant. The input impedance of such a
line would have a definite value of impedance
determined, practically, by the size of the
wires, their spacing and the dielectric between
them. This impedance is called the surge im-
Pedance or characleristic impedance. If this
line were cut and it was terminated, at a
definite distance from the input end, by an
impedance equal to the surge impedance of
the infinite line, again there would be no reflec-
tions from the far end and, consequently, no
standing waves. Hence, suiting the surge im-
pedance of the line by the proper terminating
load impedance is a practical case of impedance
matching. As with the resonant lines mentioned
above, matched-impedance lines are also used
for coupling amateur transmitters to antenna-
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system radiators. The practical design features
of these lines are diseussed in Chapter Thir-
teen.

MODULATION AND DETECTION

Kor practical communication between our
stations it i8 not enough simply to generate
radio-frequency power continuously and ra-
diate it from an antenna. Something must be
done before the waves are transmitted to
make them carry the messages we wish to
convey. Application of this intelligence to the
transmitted wave is accomplished by a process
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FIG. 417 — REPRESENTING THE MODULATED

CURRENT OF A TELEGRAPH WAVE (A) AND SI-

NUSOIDALLY MODULATED SPEECH WAVE (B),
AMPLITUDE MODULATION

of modulation. Without such modulation the
radio wave would carry no more intelligence to
the receiver than would a mail letter contain-
ing only a blank sheet of paper. A further proc-
essing of the wave must occur in the receiver

deseribed separately in the next and subse-
quent chapters. Only a generalized explanation
which suggests their broad principle and shows
their kindred nature will be given here.

Modulation is the process of varying the radio
wave to tmpart to it the signal which we wish to
transmit; while detection is the process of ex-
tracting from the wave the signal imparted to it
in the modulating process. In amateur com-
munieation the variation applied is in ampli-
tude; that is we use amplitude modulation. The
signal may be either speech, for telephony, or
the dot-and-dash combinations of the tele-
graph code. Variations in radio-frequency cur-
rent generally representative of amplitude
modulation by these two types of signal are
shown in Fig. 417. Telegraph modulation to
form the letter ““A” is shown in diagram A,
while modulation by a sinusoidal sound is
shown in B. It must be emphasized that these
pictures, like the one of a complex wave in
Fig. 403, do not tell the whole story. They
only picture the synthesis wave which actually
contains components of more than one fre-
quency.

In reality, each modulated wave shown
would contain components of at least three
radio frequencies. It is a physical fact that any
change in amplitude of a wave results in addi-
tional components having frequencies equal to
the sum and difference of the original frequency
and the modulation frequency. These addition-
al frequencies are called side-band frequencies,
while the original frequency component is called
the carrier. With hand keying the modulation
frequency for telegraphy is relatively low, aver-
agingonly a few cycles per second. Hence a tele-
graph wave in amateur communication requires
a relatively narrow communication band (50

cycles and less). With speech,
however, the essential modu-
lation frequencies range up to

Audio outout:  approximately 3000 cycles per

cireuit of Det.  geoond and the side-bands

extend correspondingly either
p- side of the carrier, so that

Detector or Modulated
R.F. Amp. Tube
Tuned IMPEDANCE
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These two
moy be combined I""g};‘R NCE
/n Detector MODULATION,

/n t ckt of Del ar
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FIG. 418 — GENERALIZED SYSTEM FOR MODU-
LATION OR DETECTION, INDICATING THE
ESSENTIAL ELEMENTS

to make the message understandable to our
human senses. This is accomplished by a
process of detection or, as it is sometimes known,
demodulation. Practical methods of modulation
and detection by vacuum-type circuits are

speech telephony requires a
communication band width as great as 6000
cycles (6 ke.).

To accomplish modulation the four essential
circuit elements shown in the block diagram of
Fig. 418 are necessary. The heart of the system
is a detecting element having unilateral or one-
way current flow properties. The vacuum tube
is such a device, and is universally used for the
purpose. A similar combination is required for
detection when the modulated wave is re-
ceived, also shown by Fig. 418. In reception of
speech-modulated waves the side-band com-
ponents intermodulate or beat with the carrier
to reproduce the original modulating signal
(speech) in the output.
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CHAPTER FIVE

VACUUM TUBES

Operating Principles — Types of Amplifiers
“Rectifiers — Tube Tvpe Data

THE simplest type of vaeuum tube is
that shown in Fig. 501. It has but two ele-
ments, cathode and plate, and is therefore
called a diode. The cathode is heated by the
“A” battery and emits clectrons which flow
to the plate when the plate is positive with respect
to the cathode. The tube is a conductor in one
direction only. If a battery is connected with
its negative terminal to cathode and positive
to plate (the ‘“B” battery in Fig. 501) this
flow of electrons will be continuous. But if a
source of alternating voltage is connected be-
tween 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 cyele when the plate is
negative. Thus the tube can be used as a
rectifier, to change alternating current to pul-
sating direct current. This alternating current
can be anything from the 60-cyele kind to the
highest radio frequencies, making it possible
to use the diode as a rectifier in power supplies
furnishing direet current for our transmitters
and receivers or to use it as a rectifier (detec-
tor) of radio-frequency current in receivers.

CHARACTERISTIC CURVES

Tue performance of the tube can be reduced
to easily-understood terms by making use of
what are known as tube characteristic curves. A
typical characteristic curve for a diode is
shown at the right in Fig. 501. It shows the
currents flowing between the various tube
elements and cathode (usually only between
plate and cathode, since the plate current is of
chief interest in determining the output of the
tube) with different d.c. voltages applied to
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FIG. 501 — THE DIODE OR TWO-ELEMENT TUBE
AND A TYPICAL CHARACTERISTIC CURVE

the elements. The eurve of Fig. 501 shows
that, with fixed eathode temperatnre, the
plate current increases as the voltage between
cathode and plate is raised. IFor an actual tube
the values of plate current and plate voltage
would be plotted along their respective axes.

With the cathode temperature fixed, the
total number of electrons emitted is always the
same regardless of the plate voltage. Fig. 501
shows, however, that less plate current will
flow at low plate voltages than when the plate
voltage is large. With low plate voltage only
those electrons nearest the plate are attracted
to the plate. The electrons in the space near the
eathode, being themselves negatively eharged,
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 and all the electrons
emitted by the cathode are attracted to the
plate, and a further increase in plate voltage
can cause no incrcase in plate current. This is
called the saturation point.

HOW VACUUM TUBESNS AMPLIFY

Br o third clement, called the control grid or
simply the grid, is inserted between 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 reetification. The grid is
usually in the form of an open spiral or mesh of
fine wire. With the grid connceted externally to
the cathode and with a steady voltage from a
d.c. supply applied between the cathode and
plate (the positive of the ‘B’ supply is always
connected to the plate), there will be a constant
flow of electrons from cathode to plate,
through the openings of the grid, much as in
the diode. But if a source of variable voltage
is connected between the grid and cathode
there will be a variation in the flow of electrons
from cathode to plate (a variation in plate
current) as the voltage on the grid changes
about a mean value. When the grid is madec
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less negative (more positive) with respeet to
the cathode, the space charge is partially
neutralized and there will be an increase in
plate current; when the grid is made more
negative with respect to the cathode, the space
charge is reinforced and there will be a de-
crease in plate current. When a resistance or
impedance is connected in the plate eircuit, the
variation in plate current will eause a variation
in voltage across this load that will be a magni-
fied version of the variation in grid voltage. In
other words there is amplification and the tube
is an amplifier.

The measure of the amplification of whicha
tube is capable is known as its amplification
factor, designated by u (mu). Mu is the ratio of
plate-voltage change required for a given
change in plate current to the grid-voltage
change neeessary to produce the same change
in plate eurrent. Another important charaeter-
istic involving plate current change caused by
grid voltage change over a very small range
is mutual conductance, designated by gm and
expressed either in milliamperes plate eurrent
change per volt grid voltage change (ma. per
volt), or as the eurrent to voltage ratio in
mhos (inverse of ohms). Since the plate eurrent
changes involved are often very small, the
mutual conduectance is also expressed in
micromhos, the ratio of amperes plate current
change to volts grid voltage ehange, multiplied
by one million. Still another important char-
acteristic used in describing the properties of
a tube is the plale resistance, designated 7,.
This is the ratio of a small plate voltage
change to the plate current change it effects.
It is expressed in ohms. These tube character-
istics are inter-related and are dependent
primarily on the tube structure.

AMPLIFIER OPERATION

Tue operation of a vacuum tube amplifier is
graphieally represented in elementary form in
Fig. 502. The sloping line represents the varia-
tion in plate current obtained at a constant
plate voltage with grid voltages ranging from a

FIG. 502 — OPERATING CHARACTERISTICS OF A
VACUUM-TUBE AMPLIFIER

Class-A amplifier operation is depicted.

value sufficiently negative to reduce the plate
current to zero to a value slightly positive.
Bear in mind that grid voltage is with refer-
ence to the cathode or filament. Notable facts
about this curve are that it is essentially a
straight line (is linear) over the middle section
and that it bends towards the bottom (near
cut off) and near the top (saturation). In other
words, the variation in plate current is directly
proportional to the variation in grid voltage
over the region between the two bends. With a
fixed grid voltage (bias) of proper value the
plate current ean be set at any desired value.

With negative grid bias as shown in Fig. 502
this point (the operating point) eomes in the
middle of the linear region. If an alternating
voltage (signal) is now applied to the grid in
series with the grid bias, the grid voltage
swings more and less negative about the mean
bias voltage value and the plate current swings
up (positive) and down (negative) about the
mean plate eurrent value. This is equivalent to
an alternating current superimposed on the
steady plate current. At this operating point
it is evident that the plate current wave shapes
are identical reproductions of the grid voltage
wave shapes and will remain so as long as the
grid voltage amplitude does not reach values
sufficient to run into the lower- or upper-bend
regions of the eurve. If this oceurs the output
waves will be flattencd or distoried. 1f the
operating point is set towards the bottom or
the top of the curve there will also be distor-
tion of the output wave shapes because part or
all of the lower or upper half-cycles will be cut
off.

The major uses of vacuum tube amplifiers
in radio work are to amplify at audio frequen-
cies (approximately 30 to 15,000 eyeles per
second) and to amplify at radio frequencies
(up to 60,000 ke. or higher). The audio-fre-
queney amplifier is generally used to amplify
without discrimination at all frequeneies in a
wide range (say from 100 to 3000 eycles for
voice eommunication), and is therefore asso-
ciated with non-resonant or untuned circuits.
The radio-frequency amplifier, on the other
hand, is generally used to amplify selectively
at a single radio frequeney, or over a small
band of frequencies at most, and is therefore
associated with resonant cireuits tunable to
the desired frequency.

The eircuit arrangement of a typical audio-
frequeney amplifier using a triode is shown in
Fig. 503. The alternating grid voltage is ap-
plied through the transformer T to the grid
eircuit, in series with negative grid bias fur-
nished by a battery. The a.c. component of
the plate current induces an alternating voltage
in the secondary of the output transformer,
T». This output might go on to another similar
audio amplifier for further amplification. In
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FIG. 503 — A TYPICAL AUDIO-FREQUENCY AM-
PLIFIER USING A TRIODE TUBE

lieu of the transformer, a pair of head ’phones
could be connected in the plate circuit, in
which case the alternating plate current com-
ponent would be reproduced immediately as
sound.

STATIC AND DYNAMIC
CHARACTERISTICS

Tuse characteristics of the type shown in
Fig. 502 may be of either the static or dynamic
type. Static characteristics show the plate
current that will flow at specified grid and
plate voltages in the absence of any output
device in the plate circuit for transferring the
plate current variation to an external circuit.

Dynamic characteristics are more useful.
In plotting this form of curve a resistance, R,
is connected in series with the battery and
plate-cathode circuit of the tube; it represents
a load or output circuit. Plate current flowing
through R, causes a voltage drop in the resis-
tor; if the grid voltage is varied, causing a
variation in plate current, the voltage drop
across R, likewise will vary. If an alternating
voltage is applied to the grid-cathode circuit
the alternating plate current causes an alter-
nating voltage to be developed across R,. This
voltage is the useful output of the tube.

The load impedance or load resistance, R,,
may be an actual resistor or a device such
as a headset or loud-speaker having a self-
impedance, at the frequency being amplified,
of a value suitable for the plate circuit of the
tube. In general, there will be one value of R,
which will give optimum results for a given
type of tube and set of operating voltages;
its value also depends upon the type of service
for which the amplifier is designed. If the im-
pedance of the actual device used is consider-
ably different from the optimum load imped-
ance, the tube and output device must be
coupled through a transformer having a turns
ratio such that the impedance reflected into
the plate circuit of the tube is the optimum
value.

DISTORTION — IIARMONICS

lF the output wave shape is not an exact
reproduction of the signal applied to the grid-
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cathode circuit, the wave-shape is said to be
distorted, as already described. 1t can be shown
that any periodic wave, regardless of its shape,
can be resolved into a number of simple sine
waves of various amplitudes and phase rela-
tionships, but all in harmonic frequency re-
lationship. If the exciting signal is a sine wave,
the output wave, when distortion is present,
will consist of a fundamental plus second and
higher harmonics. In triode amplifiers the sec-
ond harmonic is the one of most importance.

PARALLEL AND PUSH-PULL
AMPLIFIERS

When it is necessary to obtain more power
output than one tube is capable of giving,
without going to a larger tube structure, two
or more tubes may be connected in parallel, in
which case the similar elements in all tubes are
connected together. The power output will
then be in proportion to the number of tubes
used; the exciting voltage required, however,
is the same as for one tube.

An increase in power output also 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, re-
spectively. Parallel and push-pull operation
are illustrated in Fig. 504. A ‘““balanced” cir-
cuit, in which the cathode returns are made to
the midpoint of the input and output devices,
is necessary with push-pull operation. An al-
ternating current flowing through the primary
of the input transformer in the push-pull dia-
gram will cause an alternating voltage to be
induced in the secondary winding; since the
ends of the winding will be at opposite poten-
tials with respect to the cathode connection
the grid of one tube is swung positive at the
same instant that the grid of the other is swung
negative. The plate current of one tube there-
fore is rising while the plate current of the
other is falling, hence the name “push-pull.”

E Bad 2

PARALLEL

PUSH - PULL

FIG. 504 — PARALLEL AND PUSH-PULL
AMPLIFIER CONNECTIONS
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In push-pull operation the second-harmonic
distortion is cancelled in the symmetrical
plate circuit, so that for the same output the
distortion will be less than with parallel op-
eration. It follows that for a given degree of
distortion the push-pull amplifier is capable of
delivering somewhat more power than a
parallel amplifier,

VOLTAGE AND POWER
AMPLIFIERS

A\rLiFiErs may be divided broadly into two
general types, those whose chief purpose is to
give a greatly magnified reproduction of the
input signal voltage with regard tb power, and
those intended to deliver a relatively large
amount of power to a load (a loud-speaker, in
the case of an audio amplifier, or an antenna, in
the case of a radio-frequency amplifier). The
former is a voltage amplifier, while the latter is
a power amplifier.

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. The power amplifica-
tion — ratio of output power to power supplied
the grid circuit — is consequently very high.
Such tubes generally require a large grid volt-
age swing for full power output, however, so
that the voltage amplification — ratio of output
voltage to signal voltage — is quite low. To
get the voltage swing required for the grid of
such a tube voltage amplifiers are used, em-
ploying tubes of high p which will greatly
increase the voltage amplitude of the signal.
Although such tubes are capable of relatively
high voltage output, the power obtainable
from them is small. Voltage amplifiers are used
in the radio-frequency stages of rececivers as
well as in audio amplifiers.

THREE FUNDAMENTAL
AMPLIFIER CLASSIFICATIONS

Class-4 Amplifiers

AN ampLiFIER operated as shown in Fig. 502
in which the output wave shape is a faithful
reproduction of the input wave shape, is known
as a Class-A amplifier.

Certain operating conditions distinguish the
Class-A amplifier. As generally used, the grid
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 constant
both with and without an exciting signal. The
chief characteristics of the Class-A ampli-
fier are low distortion, low power output for a
given size of tube, and a high power-amplifica-
tion ratio. The plate efficieney — ratio of a.c.

output power tu steady d.c. input power —
is relatively low, being in the vicinity of 20 to
35 percent at full output, depending upon the
design of the tube and the operating conditions.

Class-A amplifiers of the power type find
application as output amplifiers in audio sys-
tems, operating loud speakers in radio receivers
and public-address systems, and as modulators
in radiotelephone transmitters. Class-A voltage
amplifiers are found in the stages preceding the
power stage in such applications, and as radio-
frequency amplifiers in receivers.

Class-B Amplifiers

The Class-B amplifier is primarily one in
which the output current, or alternating com-
ponent of the plate eurrent, 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 ampli-
fier 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 very nearly zero or
cut-off; the exciting signal amplitude can be
such that the entire linear portion of the tube's
characteristic is used. Fig. 505 illustrates
Class-B operation. Plate current flows only
during the positive half-cycle of excitation
voltage. Since the plate current is set prac-
tically to zero with no excitation, no plate cur-
rent flows during the negative swing of the ex-

PLATE CURRENT Jp

FIG. 505 — OPERATION OF THE CLASS-B
AMPLIFIER

citation voltage. The shape of the plate current
pulse is essentially the same as that of the posi-
tive 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
medium power output, medium plate effi-
ciency (509% to 609, at maximum signal) and
a moderate ratio of power amplification. They
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are used for both audio and radio-frequency
amplification. As radio frequency amplifiers
they are used as linear amplifiers to raise the
output power level in radiotelephone trans-
mitters after modulation has taken place.

For audio-frequency amplification, two
tubes must be used to permit Class-B opera-
tion. A second tube, working alternately with
the first, must be included so that both halves
of the cycle will be present in the output. A
typical method of arranging the tubes and
circuit to this end is shown in Fig. 506. The
circuit resembles that of the push-pull Class-A
amplifier; the difference lies in the method of
operation. The signal is fed to a transformer T,
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 7o with a similarly-
divided primary is connected to the plates of
the tubes. When the signal swing in the upper
half of T is positive, Tube No. 1 draws plate
current while Tube No. 2 is idle; when the
lower half of T} becomes positive, Tube No. 2
draws plate current while Tube No. 1 is idle.
The corresponding voltages induced in the
halves of the primary of T3 combine in the
secondary to produce an amplified reprodue-
tion of the signal wave-shape with negligible
distortion. The Class-B amplifier is capable
of delivering much more power for a given tube
size than a Class-A amplifier.

Class-C Amplifiers

The third type of amplifier is that desig-
nated as Class C. Fundamentally, the Class-C
amplifier is one operated so that the alternat-
ing 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 in-
herent to Class-C operation are high plate
efficiency, high power output, and a relatively
low power-amplification ratio.

The grid bias for a Class-C amplifier is
ordinarily set at approximately twice the value
required for plate current cut-off without grid
cxcitation. As a result, plate current flows dur-
ing only a fraction of the positive excitation
cycle. The cxciting signal should be of suffi-
cient amplitude to drive the plate current to
the saturation point, as shown in Fig. 507.
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 causes the plate current
pulse to be indented at the top, as shown. Al-
though the output wave-form is badly dis-
torted, at radio frequencies the distortion is
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largely eliminated by the filtering or flywheel
effect of the tuned output circuit.

Class-C amplifiers are used principally as
radio-frequency power amplifiers, and have
very little audio-frequency application. Al-
though requiring considerable driving power
because of the relatively large grid swing and
grid-current flow, the high plate efficiency of
the Class-C amplifier makes it an effective
generator of radio-frequency power.

OTHER AMPLIFIER CLASSI-
FICATIONS

SincE the three fundamental amplifier elus-
sifications represent three distinet steps in the
operation of vacuum tubes, there are inter-
mediate steps which partake of the nature of
two of the classifications although not adhering
strictly to either. Such “midway” methods of
operation can be classified as ““AB"" and “BC.”
Only the ““AB" type of operation is in general
use. The Class-AB3 amplifier is a push-pull
amplifier in which cach tube operates during
more than half but less than all the exciting-
voltage eyele. 1ts bias is set so that the tubes
draw more plate current than in Class-B
operation, but less than they would for Class-A.
The plate current of the amplifier varies with
the signal voltage, but not as much as in
Class-B.

The efficiency and output of the Class-AR
amplifier lie between those obtainable with
pure Class-A or Class-B operation. Class-AB
amplifiers tend to operate Class-A with low
signal voltages and Class-B with high signal
voltages, thus overcoming the chief objec-
tion to Class-B operation — the distortion
present with low-input-signal voltages. The
Class-AB amplifier is widely used where it is
necessary to obtain a power output of consider-
able magnitude with a minimum of distortion.
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FIG. 506 — THE CLASS-B AUDIO AMPLIFIER,

SHOWING HOW THE OUTPUTS OF THE TWO

TUBES ARE COMBINED TO GIVE DISTORTION-
LESS AMPLIFICATION
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GENERATING RADIO FREQUENCY
POWER

EBeciusn of its ability to amplify, the vac-
uum tube can oscillate, or generate alternating
current power. To make it do this, it is only
necessary to couple the plate (output) circuit
to the grid (input) circuit so that the alternat-
ing voltage supplied to the grid of the tube is
opposite in phase to the voltage on the plate.
Typical circuits for this condition are shown
in Fig. 508. In A the feed-back coupling be-
tween the plate and grid circuits is inductive
(by means of coils), while in B the coupling is
capacitive (through a condenser). In the cir-
cuit of A the frequency of oscillation will be
very nearly the resonant frequency of the
tuned circuit L;Cy, while in B the frequency of
oscillation will be determined jointly by L;C
and LsCs. At high radio frequencies the in-
herent plate-grid capacitance of the usual
triode tube is sufficient for feed-back in the
tuned-grid tuned-plate type circuit of B, so
the feed-back condenser shown connected be-
tween grid and plate is not necessary.

There are many other arrangements of os-
cillator circuits but all utilize either inductive
or capacitive feed-back. They will be treated in
following chapters.

DETECTION

Since the frequencies used in radio trans-
mission are merely carriers bearing modula-
tion, it is necessary to provide a means for
making the signals intelligible. The process for
doing this is called detection or demodulation —
the latter because the modulation envelope is
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FIG. 507 — CLASS-C AMPLIFIER OPERATION

in effect detached from the carrier wave and
made audible. Taking the case of a modulated
wave, such as in radiotelephone transmission,
we find there are three ways of operating tubes
to perform the function of demodulation. All
are essentially the process of reclification, in
which the radio-frequency input is converted
into direct current which in turn varies in ac-
cordance with the audio-frequency modulation

envelope. The first type of detector is the diode,
or simple rectifier, the operation of which al-
ready has been explained. Multi-element tubes
can be operated either as ‘“‘grid”’ or ‘“plate”
detectors, depending upon whether the recti-
fication takes place in the grid or plate circuits.

Plate Detectors

The circuit arrangement of a typical plate
detectoris shown at A of Fig. 509. Its operating
characteristics are illustrated at A of Fig. 510.
The circuit L;C) is tuned to resonance with the
radio frequency and the voltage developed

Grid Brss
Leak

FIG. 508 — TWO GENERAL TYPES OF OSCILLATOR
CIRCUITS

across it is applied between the grid and
cathode in series with the grid-bias battery. A
headset or the primary of a transformer is
connected in the plate circuit, a small fixed con-
denser C being connected across the plate load
to by-pass radio frequency. As shown at 4 in
Fig. 510, the negative grid bias voltage is such
that the operating point is in the lower-bend
region of the curve, near cut-off. With a modu-
lated signal as shown there will be a variation
in plate current conforming to the average
value of the positive half-cycles of radio fre-
quency. This variation corresponds to the en-
velope, representing an audio-frequency cur-
rent super-imposed on the steady plate current
of the tube, and constitutes the useful audio
output of the detector. When this pulsating
current flows through the 'phones their dia-
phragms vibrate in accordance with it to give
a reproduction of the modulation put on the
signal at the transmitter.

Grid Detectors

The circuit arrangement of a triode used as a
grid detector (also called grid leak detector) is
shown in B of Fig. 509. An input circuit tuned

04



to the frequency of the radio wave is connected
so that the r.f. voltage developed across it is
applied between the grid and cathode. How-
ever, there is no fixed negative grid bias, as in
the case of the plate detector. Instead a small
fixed capacity (grid condenser) and resistor of
high value (grid leak) are connected between
tuned circuit and grid. The plate circuit is
the same as for the plate detector.

The action of the grid detector is illustrated
by the grid voltage — grid current curve of
Fig. 510-B. A modulated radio-frequency volt-
age applied to the grid swings it alternately
positive and negative about the operating
point. The grid attracts electrons from the
cathode, the consequent grid current increasing
more during the positive half cycles than it de-
creases during the negative half cycles of grid
swing. Hence there is a rectified grid current
flow at modulation frequency whose average
value develops a voltage across the grid leak.
This audio-frequency variation in voltage
across the grid leak causes corresponding varia-
tions in plate current reproduced in the
'phones.

Regenerative Detectors

With both the grid and plate detectors just
described it will be noted that a condenser is
connected across the plate load circuit to by-
pass radio-frequency components in the out-
put. This radio-frequency can be fed back into
the grid circuit, as shown in C of Fig. 509, and
re-amplified a number of times. This regenera-
lion gives a tremendous increase in detector
sensitivity. If the regeneration is sufficiently
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FIG. 509 — DETECTOR CIRCUITS OF TIIREE

A, plate detection; B, grid detection; C, regenerative
grid detection.
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great the circuit will break into oscillation,
which would be expected since the circuit ar-
rangement is almost identical with that of the
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510 — OPERATING CHARACTERISTICS OF
PLATE AND GRID DETECTORS

FIG.

oscillator shown in Fig. 508-A. Therefore a con-
trol is necessary so that the detector can be
operated either regenerating to give large am-
plification without oscillation, or to oscillate
and regenerate simultaneously. Methods of
doing this are deseribed in Chapter Seven.

SUPERREGENERATION

Tue limit to which regenerative amplifica-
tion can be carried is the point at which the
tube starts to oscillate, because when oscilla-
tions commence, further regenerative amplifi-
cation ceases. To overcome this limitation and
give still greater amplification, the superregen-
eralive circuit has been devised. Essentially,
the superregenerative dctector is similar to the
ordinary regenerative type but with a com-
paratively low-frequency super-audible (above
audibility) signal introduced in such a way as
to vary the detector’s operating point at a uni-
form rate. As a consequence of the introduction
of this quench or interruption frequency the de-
tector can oscillate at the signal frequency only
when the moving operating point is in a region
suitable for the production of oscillations. Be-
cause the oscillations are constantly being
interrupted, the signal can build up to rela-
tively tremendous proportions, and the super-
regenerative detector therefore is extremely
sensitive. See Fig. 511. The circuit finds its
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chief field in the reception of ultra-high-fre-
quency signals, for which purpose it has proved
eminently successful.

MULTE-ELEMENT TURES

Moke than three clements may be used to
make a tube particularly suitable for certain
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FIG. SUPERREGEN-

specialized applications; likewise two or more
sets of elements may be combined in one bulb
so that a single tube may be used to perform
two or three separate functions.

Tubes having four elements are ecalled
tetrodes, while if a fifth element is added the
tube is known as a pentode. Many element
combinations and structures become possible
as the number of electrodes is inereased, but
only a few have practical applications.

TETRODES —RBEAM TURBES

B~ trE section on tube oscillators it was ex-
plained that oscillations eould be sustained
through transfer of energy from the plate to
the grid through the electrostatic capacity
existing between plate and grid, the eircuit of
I'ig. 508-B being used as an illustration. This
cireuit without the feed-back condenser is the
one which would also be used if the tube is
intended to amplify, but not oscillate, at radio
frequencies; that is, the input and output
circuits must be tuned to the same frequency.
However, the grid plate capacity of the triode
returns so much energy to the grid eircuit from
the plate that it is impossible to prevent the
tube from oscillating.

If a seeond grid, in the form of an eleetro-
static shield between the control grid and
plate, is added the grid-plate capacity can be
reduced to a value whieh will not permit oseil-
lations to oecur. The screen grid, as it is called,
increases the amplification factor and plate
resistance of the tube to values much higher
than are attainable in triodes of praecticable
construetion, although the mutual eonductance
is about the same as that of an equivalent
triode. The screen grid is ordinarily operated
at a positive potential about one-third that

placed on the plate, and is by-passed back to the
cathode so that it has essentially the same a.c.
potential as the cathode.

Large screen-grid tubes of the power type
are used as amplifiers in transmitting installa-

.tions, The screen-grid tube can be used as

both plate and grid detector, generally showing
greater sensitivity than the triode types.

Another type of tetrode, in which the elec-
trostatic shielding provided by the second grid
is purely incidental, is built for audio power
output work. The second grid (usually called
the ‘“‘sereen’’ although not actually a screen
grid) accelerates the flow of electrons from
cathode to plate, and the structure gives a
higher power sensitivity — ratio of power out-
put to grid-voltage swing causing it — than is
possible with triodes. ‘‘ Beam’’ power tubes are
tetrodes with special element structure so that
the electrons are concentrated in desired paths
to the plate. The beam principle results in
relatively high plate efficiency and power
sensitivity, with the effects of secondary emis-
sion (described in the following section) ov-
ercome. Beam tubes are used both in audio
amplifiers and radio-frequency transmitting
circuits.

PENTODES

Tue addition of the screen grid in the ordi-
nary tetrode causes an undesirable effect which
limits the usefulness of the tube. Electrons
striking the plate at high speeds dislodge other
electrons which ‘“‘splash’ from the plate, this
phenomenon being known as secondary emis-
sion. In the triode, ordinarily operated with the
grid negative with respeet to cathode, these
secondary electrons are repelled back into the
plate and cause no disturbance. In the sereen-
grid tube, however, the positively charged
screen grid attracts the secondary electrons,
causing a reverse current to flow between
sereen and plate. The effect is particularly
marked when the plate and screen potentials
are nearly equal, which may be the case during
part of the a.c. eyele when the instantaneous
plate current is large.

To overcome the effects of secondary emis-
sion a third grid, called the suppressor grid, is
inserted between the sereen and plate. This
grid, being connected directly to the cathode,
repels the relatively low-velocity secondary
electrons back to the plate without obstrueting
to any appreciable extent the regular plate-
current flow. Larger undistorted outputs there-
fore can be secured from the pentode.

Pentode-type screen-grid tubes are used as
radio-frequency voltage amplifiers, and in ad-
dition ean be used as audio-frequency voltage
amplifiers to give high voltage gain per stage.
Pentode tubes also are suitable as audio-
frequency power amplifiers, having greater
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plate efficiency than triodes and requiring less
grid swing for maximum output.

MULTEI-PURPOSE TYPES

A Grear many types of tubes have been de-
veloped to do special work in receiving circuits.
Among the simplest of these are full-wave
rectifiers, combining two scparate diodes of
the power type in one bulb, and twin-triodes,
consisting of two triodes in one bulb for Class-
B audio amplification. To add the funections of
diode detection and automatic volume control
— described in Chapter Seven on receivers —
to that of amplification, a number of types are
made in which two small diode plates are
placed near the cathode, but not in the ampli-
fier-portion structure. These types are known
as duplex-diode triodes or duplex-diode pen-
todes, depending upon the type of amplifier.

The pentagrid converter is a special tube
serving as both oscillator and mixer, used in
superheterodyne receivers. There are five grids
between cathode and plate in this tube; the
two inner grids serve as control grid and plate
of a small oscillator triode, while the fourth
grid is the detector control grid. The third and
fifth grids are connected together to form a
screen-grid which shields the detector control
grid electrostatically from the other elements.
The pentagrid converter eliminates the neced
for special coupling between oscillator and
detector circuits.

Another type consists of a triode and pentode
in one bulb, for use where the oscillator and
first detector are preferably separately coupled;
while still another type (the 6L7) is a pentode
with a separate grid for connection to an
external oscillator cireuit. This “injection”
grid provides a means for introducing the
oscillator voltage into the detector circuit by
electronic means.

Receiving screen-grid tetrodes and pentodes
for radio-frequency voltage amplification are
made in two types, known as “sharp cut-off”
and ‘““variable-u” or ‘super-control’” types.
In the sharp cut-off type the amplification
factor is practically constant regardless of grid
bias, while in the variable-u type the amplifica-
tion factor decrcases as the negative bias is
increased. The purposc of this design is to
permit the tube to handle large signal voltages
without distortion in circuits in which grid-
bias control is used to vary the amplification,
and to reduce interference from stations on
adjacent frequencies by preventing cross-
modulation. Cross-modulation is modulation
of the desired signal by an undesired one, and
is practically the same thing as detection.
The variable-u type of tube is a poor detector
in circuits used for r.f. amplification, hence
cross-modulation is reduced by its use.

VACUUM TUBES

TYPES OF CATHODES

€ atnopEs are of two types, directly and in-
directly heated. Directly-heated cathodes or
filaments used in receiving tubes are of the
oxide-coated type, consisting of a wire or rib-
bon of tungsten coated with certain rare metals
and earths which form an oxide capable of
emitting large numbers of electrons with com-
paratively little cathode-heating power. Di-
rectly-heated cathodes are used in older audio
power-output tubes, power rectifiers, tubes
intended for operation from dry-cell batteries
where economy of filament current is impor-
tant, and in all but the smallest transmitting
tubes.

When directly-heated cathodes are operated
on alternating current, the cyelic variation of
current causes electrostatic and magnetic ef-
fects which vary the plate current of the tube
at supply-frequency rate and thus produce
hum in the output. llum from this source is
climinated by the indirectly-heated cathode,
consisting of a thin metal sleeve or thimble,
coated with electron-emitting material, en-
closing a tungsten wire which acts as a heater.
The heater brings the cathode thimble to the
proper tempcerature to cause electron emission.
This type of cathode is also known as the equi-
potential eathode, since all parts are at the
same potential. The cathode ordinarily is not
connected to the heater inside the tube, the
terminals being brought out to separate base
pins.

RATINGS AND CHARACTERISTICS

The tables give maximum ratings for the
various types of tubes listed. For long tube
life, filament or heater voltages should be
maintained as nearly as possible at the ratings
given (varying not more than 59 either above
or below rated voltage) and the maximum
plate-supply voltage indicated should not be
excecded. It is important, of course, that the
tube be operated with the proper negative bias,
as indicated by the tables, applied to the grid.
The important characteristics of the tubes,
such as amplification factor, mutual conduct-
ance, etc., also are given. In addition, the
inlerelectrode capacitances are listed in the
tables of transmitting tubes. Since transmit-
ting tubes often are large in physical structure,
these capacities are quite high in some types
of tubes, limiting their application in very high
frequency transmitters, since the tube capacity
acts as a shunt across the tuning condenser.
The important tube capacities are those be-
tween grid and cathode (input capacity), grid
and plate, and plate and cathode (output
capacity). Input and output capacities of re-
ceiving tubes usually are quite small — a few
micromicrofarads for most tubes.
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aw | Glass | Glass | Glass | Glass Glass
Descriptions Metal | gsv. | 6sv. | 26v. | 20v. | goV.
Lo Octal o | oW Octal old
General-Purpose Triode. .. ... ..... 6C5 6C56 | 76 | 56 1H4G 30
6J5 8J5G
8L5G
High-# Triode. . ... ... .. ... ... ....... 6F5 | 6F5G
6SF5 | BK5G
Twin Triodes. . . ....... ... it 6C8G
8F8G
R.F. Amplifier, sharp eutoff. . .. . ..... ... .. 6J7 6J7G 6C6 57 1E5G 1B4
68J7 77 15
6W7G
R.F. Amplifier, variable-s. . ... ... ... ... 6K7 6K7G 6D6 58 1D5G 1A4
687 687G 34
6SK7
6U7G
TwinDiode. . ... ... ... .................. 6H6 6H6G
Duplex-Diode Pentode. .. ................. 6B8 6B8G 6B7 2B7 1F7G 1Fé
Duplex-Diode G.P. Triode. . . .............. 6R7 6R7G 85 55 1H6G 1B5
6V7G
Duplex-Diode High-# Triode . .. ............ 6Q7 6Q7G 75 2A86
65Q7 6B6G
6T7G
Pentagrid Converter. . . ... ................ 6A8 B6A8G 6A7 2A7 1D7G 1A6
6D8G 1C7G 1Cé
Pentagrid Mixer-Amplifier.. .. ............. 6L7 8L7G
Pentode Power Amplifier. . .. ... ........... 6F6 6F6G 42 2A5 1G5G 1F4
8G6G (41) 1F5G 33
6K6G 1E7G
Triode Power Amplifier. ................... 6B4G 6A3 45 31
8A5G 2A3
Triode Power Amplifier, High-». ... ... .. ... 6AC5G 46 49
Twin Triode Power Amplifier. ... ... ....... 6N7 6N7G 6A6 53 1J6G 19
627G 79
Direct-Coupled Power Amplifier. . . ......... 6N6MG 6N6G 6B5
Beam-Type Power Amplifier. . . ............ 61.6 616G e e
6V6 6V6G ,
6Y6G | |
|

FIG. 512 — PREFERRED RECEIVING TUBE TYPES BY FUNCTIONS

BASE CONNECTIONS AND
PIN NUMBERING

"MusE bases have from four to eight pins for
element connections. In all except the five- and
eight-prong types, the two filament or heater
pins are heavier than the others, making them
readily distinguishable. The pins of all except
the 8-pin or octal base are numbered according
to the following system: Looking at the bottom
of the base or the bottom of the socket, the
left-hand cathode pin is No. 1, and the others
are numbered consecutively in the clockwise
direction, ending with the right-hand cathode

pin. In the octal base, No. 1 pin is to the left of
the key, as shown in Fig. 513.

In indicating which element is connected to
which base pin, it is customary to use the let-
ters F F or H H for filament or heater, C or K
for cathode, P for plate, etc. In multi-grid
tubes the grids are numbered according to the
position they occupy, the grid nearest the
cathode being No. 1, the next No. 2, etc. Some
tubes are provided with a cap connection on
top, especially when it is desired that the ele-
ments connected to the cap have very low
capacity to other tube elements.
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5 FIG. 513 — TUBE-BASE PIN NUMBERING SYSTEM

These drawings show the pins looking at the hottom
of a tube base or socket. Pins are numbered in the
clockwise direction, starting with the left-hand
cathode pin as No. 1 with glass tubes; with the shield
pin as No. 1 with metal tubes. On the 4-, 6- and 7-pin
hases the filament or heater pins are heavier than the
others; on the 5-pin and octal hases the No. 1 pin is
readily identified from the drawings.

FIG. 514 — BASE DIAGRAMS OF GLASS RECEIVING TUBES

These views are of the bottoms of the hases or sockets. F, filament;
H, heater; C, cathode; G, grid; S, screen; Sup, suppressor; P, plate.
G1, G2, G3, ete., denotes grids numbered in order from the cathode
outward; Gi, G2, P1, P2, etc., denote grids and plates of multi-
purpose or twin tuhes having separate sets of elements; elements
having the same subscripts belong together. A top cap on the tube
is shown by an external unnumbered connection.
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“;*° TURES AND l'.'l‘:l“l‘:.'.'l‘:“ In some cases these tubes duplicatc in charac-
Q- teristic types in the metal series; when this is

TYPES . ;
s0, the tube carries the same number as the
BPracricarry all the now-used glass tubes can  corresponding metal tube, but with the suffix
be obtained with octal bases. Such tubes have *“G”’. For example, the glass equivalent of the
the suffix ““G:’’ attached to the type number. 6K7 metal tube is known as the 6K7G. Other

6 cs2

FIG. 315 — BASE DIAGRAMS OF METAL AND GLASS OCTAL-BASED RE-
CEIVING TUBES

legends have the same significance as in Fig. 511, SH denotes shield,or metal en-

velope, connection in metal tubes; it is “*NC™ or **no connection®’ in G-type tubes.

DI signifies diode plate: T, target. Views are of bottoms of tube bases or sockets.

60

KEY

‘“G”’ tubes duplicate ex-
isting typesofglasstubes;
in still other cases the
tube is a new type equip-
ped with an octal base.

There are some seven-
teen tube designs most
popularly in use in pres-
ent-day receivers. These
seventeen occur more or
less completely in six
series: metal, 6.3-volt
glass with octal bases,
6.3-volt glass with old
bases, 2.5-volt glass with
old bases, 2.0-volt (bat-
tery) glass with octal
bases, and 2.0-volt glass
with old bases. The
currently-used types un-
der these classifications
have been arranged in
a table of ‘“preferred
types,” which gives the
set designer and con-
structor a list of the tubes
most worthy of consid-
eration.

RECTIFIERS

Recriviers for receiv-
ing purposes are made
with both directly and
indirectly-heated cath-
odes, and are provided
with one or two plates
depending upon whether
the tube is designed for
half-wave or full-wave
rectification. The tubes
may be either of the
high-vacuum or mer-
cury-vapor type. The
latter type has a small
quantity of mercury
added after the air is re-
moved from the tube;
when the cathode is
heated the mercury va-
porizes. When the tube
is in operation electrons
striking the mercury-
vapor molecules dislodge
other electrons, ‘‘ioniz-
ing” the gas. This in-
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FIG. 517 — CONNECTIONS FOR ACORN TYPE
TUBES, BOTTOM VIEWS — LOOKING AT SHORT
END

FIG. 519 — SOCKET CONNECTIONS FOR
CATHODE-RAY TURBES
H, C and G legends have customary significance; A
denotes anode; D, deflecting plate. Inner rings of base
diagram indicate socketl connections; connections on
outer ring indicate bulb cap-type terminals. Views
are from bottoms of tubes.

VACUUM TUBEY

A & A

FI1G. 518 — BASE DIAGRAMS OF CONTROL AND
REGULATOR TUBES

A denotes anode; €, cathode; F, filament; G, grid;
S-A, starter-anode. All are octal sockets except €,
which is 4-pin M. Dashed lines indieate jumper con-
nection inside tube, which can be wired to eut off
power when tube is removed. Views are of bottoms
of sockets.

FIG. 516 — SOCKET-CONNECTION  DIAGRAMS
FOR OCTAL-BASED 2.0-VOLT TUBES

‘These views are of the hottom of tnbe soekets or
bases. Nomeneclature same as in Figs. 514 and 5135
NC on No. I pin indicates no connection to this pin
inside the tube; it is suggested that this socket eon-
nection be grounded, however, to provide for possible
metal-shell tubes in this series. (Note: In some cascs
the tube may be provided with more pins than are
indicated in the above diagrams. This is a manufac-
turing convenience; the extra pins have no «
tions and can be ignored.)

creases the conductivity and
results in a lower voltage
dropin the rectifier. Mercury-
vapor rectifiers are likely to
cause noise in the receiver,
however, so are seldom used
for receiving purposes.

High-voltage rectifiers for
transmitters are nearly all of
the mereury-vapor type, since
voltage regulation and effi-
ciency are more important
thanin receiving applications,
Rectifiers which are designed
to handle voltages up to
about 500 usuunlly are made
with two plates and are called
full-wave rectifiers; tubes for
higher voltages, however, al-
most always have but one
plate and are known as half-
wave rectifiers.
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TRANSMITTING TUBES

T raxsmirTiNG tubes are simply larger ver-
sions of the smaller receiving tubes, adapted
for the handling of large amounts of power and
for operation at high plate voltages. Receiving

FIG. 520 — SOCKET CONNECTIONS FOR TRANSMITTING TUBES,
VIEWED FROM BOTTOM

Legends have same significance as in previous diagrams. Views are of bot-

toms of socketa.

tubes of the audio power-amplifier type are in
fact often used in low-power transmitters —
and also in the low-power stages of high-power
transmitters — hence some receiving types
will be found to have transmitting ratings in
the tables. Tubes intended particularly for the
generation of radio-
frequency power are of
more rugged construc-
tion, and when built for
operation at voltages
above 750 are univer-

sally provided with tho-
riated tungsten fila-
ments.

Transmitting tubes
are generally rated by
plate dissipation, which
is the amount of power
that can be radiated
safely as heat by the
plate. The power output
obtainable depends
upon the efficiency of
the circuit used. Maxi-
mum plate voltage and
maximum plate cur-
rent ratings also are
given for the various
types.

The characteristics
and typical r.f. operat-
ing conditions of trans-
mitting tubes suitable
for amateur use are
given in Tables XIII
and XIV. The selection
of types for various
purposes is discussed
in detail in later chap-
ters on transmitter de-
sign and construction.
In the tables, the tubes
have been listed ac-
cording to plate dissi-
pation ratings. Gener-
ally speaking, the
higher the plate dissi-
pation rating the greater
the power output the
tube can deliver. It
should be understood,
however, that the power
output obtainable de-
pends considerably on
the way in which the
tube is operated; also
that at the higher fre-
quencies certain types
of tubes give better
performance than
others.
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TABLE | —METAL RECEIVING TUBES!

Socket | F"' or Heater | Plate | . l | Screen Plate " T Mutuat __L_ d —P' I—— -
Type Name C'?:::E-ICalhode lff — Use IS\u/ple g’:f s\%’lﬁ l Cunenl Current P.I::: 8;:::.! Cc:::::cl- 335, Res;:l.nnce O::'p.u’l Type
_ o . vou,. Amps', | olts ; [ Mao. Micromhos Ohms Watts
6A8 |Pentagrid Converter B Htr. 6.3 0.3 \Convoner | 950 | — 3.0 100 | 3.2 3.3 Anode-grid (No. 2) 250 volts max. thru 20_,000_-oh; "6A8
|—— | | I— Pertods RF A | min. | ! E ____ dropping resistor, 4.0 ma. ‘
8 |Duplex-Diode Pentod i entode R.F. Amplifier 250 | — 30 125 | 23 = 90 650000 1195 730 | — | —
el i s L Hi. | 63 1 03 lpentode AF. Amplifir | 250 — 45 50  —— 065  — = — == %"
R . |7 |Class-A Amplifier | 7950 | — 80 ——  —— 80 = 10000 | 2000 20 —_—
6C5 |Triode Detector Amplifier C Htr. 63 0.3 —_— | — - & __ 20 ) |
o ] R l_ N 'Blas Detector | %0 170 — — _ Plate current adjusted to 0.2 ma. with no signal [ 6cs
_6F5 _|High-y Triode D | Hu | 63 | 03 Class-A Amplifier 250 - 13 — @ — 0.2 66000 1500 | 100 | | — [6F5
— ‘ | — “IClass-A Pentode \ 3152 ;gg 2150 6.5 34 | 80000 9500 | 200 7000 3.0
| —29. . 80 | 42 75000 2650 200 7000 5.0
{Pentode Power Amplifier | [ (Class-A Triode s |~250 20—  — "3 9600 | ~ 70 - 5
6F6 e Powe plifie E He. | 63 | 0.7 250 | -2 | |3 600 2700 1.0 4000 0.85 | gFg
| | Push-Pull Class-AB Amp. | - ) ) | .
l Pentode Connection | 375 —26 250 2514 174 Power output for 2 tubes at 10000 | 19
I | B - _|_ Triode Connection * f 350 | —38 22.5 ¢ stated load, plate-to-plate 6000 | 18
6H6 "!'wm Diode _ ) | F | Hu | 63 [ 03 Rectifier o . “Max. a.c. voltage per plnle -100 r.m.s. Max. output current t 4.0 mo. dc. — |6H6
6J5  |Detector Amplifier Triode _C | Ht 63 | 03 Class-A Ampllﬁer | 250 — 8 9 7700 2600 0 | — | — : 6J5
. . | | |Screen-Grid RR. | 250 | — 3.0 100 0.5 | 2.0 | exceeds | 1295 ‘exceeds| —— | ——
6J7 Tnzl:"-girad"Dehclor | G Hitr, 6.3 0.3 |7  Amplifier l il | 1.5 meg. | :50 ) | &7
R B |- |Bias Detector 250 — 43 100 Cnlhode current 0.43 ma. T e— | -—T-" 0.5 meg. _——
6K7 Tnple-G'rad Varisble-u G Htr, 6.3 0.3 'sc’;,,:;ﬁ,’i'ed, RF. (22 el e 26 10.5 6 1650 9% ; | 6K7
‘Amp LS . | | l_ lMlxer f 250 —10 - i1_00f :T: - —:_- — Oscillator peni volts=7.0 >'
6K8 ]'rlode Hexode Converter |8 _Htr. | 63 | 03 [Converter 259 —3 | 100 6 2.5 __Anode-grid (No. 2) 100 volts max., 3.8 ma. [ 6K8
Single-Tube 250 140 250  50° | 72° 29500 | 6000 | 135 2500 | 6.5
Class-Ar’ Amp. a7s | - 90 | 195 0.7¢ | 24+ | 1ao00 | 43
_ Fixed Bias | 375 | —175 | 950 = 954 | 57 ( 11.5
Single-Tube 950 | —13.5 | 250 547 | 154 — T |7 2500 | 6.5
Class-A.> Amp. 300 —11.8 200 3.0¢ | 514 4500 6.5
 Self Bias | 375 | —90 | 195 | 07+ | 24 14000 | 4.0
Push-Pull A [
6L6 |Beam Power Amplifier K | Hr | 63| 09 Fixed Biasl 250 | —-16 ] 250 | 100 [120°¢ ‘ 5000 | 14.5 6L6
[ Self Bias 950 | 16 | 950 = 108  120° | Power Output for € tubes. 5000 13.8
| Push-Pull AB 400 —925 300 6° 102° | Load plate-to-plate 76600 | 34
Fixed Bias 400 | 90 | 250 | 4 88°c | 8500 | 26.5
| ]Push-Pull AB [Ta00 |~ 235 | 300 | 7.0° 112°¢ 6600 | 32
| | l_ Self-Bias | 400 | —19.0 | 250 | 46° | 96° | 8500 | 24
| Push-Pull AB 2* | 400 —25 300 6°¢ 1025 | 3800 60
R . 1 FixedBios | 400 90 | 950 | 45  88° | |__6000 | 40
Screen-Grid R.F. 7250 | — 30 | 100 55 53 800000 | 1100 “—" — || =
6LT  |Pentagrid Mixer Amplifier 1 H | He | 63 ' 03 | Amelifer | ' ' ! = : | eL7
' Mixer 250 — 60 | 150 | 83 3.3 ;:gnds Oscullalor-snd (No. 3) 3) voltage= —15.0 ’
I | | | g i | | | |10 meg. [ _
%\N(g Di:&d-(io;pled Power | N Hts. 63 0.8 lSInss-A Amplifier 300 0 —_ 65 45 | 24100 2400 | 58 | 7000 4.0 6N6
 Amplifier - ‘ Push-Pull Amplifer | 400 | —13 | —— | 45% 40 ' | —— | 10000 | 20 MG
. . . | ! | [ B R 250 1) — —_— Power output is for one tube at ) 8000 8.0
6N7  |Twin Triode Amplifier | L . Her. | 63| 08 (Class-B Amplifier 300 o | | | stated load, plate-to-plate 10000 | 100 | SN7
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TABLE 1 — METAL RECEIVING TUBES — Continued

| | Socket Fil. or Heater | Plate Grid Screen Plate pj.ie Resist- Mutual m Load Power
Type Name Connec- Cathode, i Use Supply Bias Screen  Current  Current ance ghms Cor_lduclnnce Factor Resistance Qutput  Type
‘ ' tions ! .Voltsi Amps, | Volts | Volts Ma. | Ma. ‘ 4 Micromhos Ohms ‘ atts
6Q7 Duplex-Diode Tiode | | | Huw. | 63 | 0.3 Triode Amplifier 250 -3 | — T — 11~ 58000 1200 70 — — 6Q7
6RJ  |Duplex-Diode Triode ] | R 6.3 | 0.3 |Triode Amplifier | 950 - 9 E— — 9.5 | 8500 1900 “16 | 10000 0.28 | 6R7
"6S7T  |Triple-Grid Variable-x G Htr. 6.3 | 0.15 [R.F. Amplifiera 7135 — 30 615 09 37 — 1250 T 850 — — 687
Amplifier | | [ ) B | 250 30 1000 0 85 1750 1100 — | — |
657 [Triple-Grid Variable-x G | Htr. | 6.3 | 015 |Class-A Amplifier 7250 =3 1100 ¢ |85 1000000 1750 1750 — | —— 651
65F5 |High-u Triode X | Hir. | 63 | 03 [(Class-A Amplifier 950 g | — —— 09 66000 1500 100 | —— | —— 6SF5
65J1  |Triple-Grid Amplifier Y Htr 6.3 0.3 |Class-A Amplifier | 250 3 100 0.8 3 1500000 1650 2500 2 — | —— 6537
] 3SI(_7_‘ riple-Grid Variable-u :__7_'_ Hitr 63 | 03 "|Class-A Amplifier | 250 3 - 1j00_—_ 24 9@ ~ 800000 2000 _1_6—06 — | —— | 65KT
65Q7 |Duplex-Diode Triode z Hir, | 6.3 | 0.3 [Class-A Amplifier | 250 2 — — 08 91000 1100 100 — | —— 65Q7
617 |Duplex-Diode Triode 1 Htr. | 6.3 | 0.5 [Class-A Amplifier _ 250 3 | — — (12 62000 1050 65 e - 6L
i ‘ Class-A Amplifier 950 | 195 950 | 4.5-65 46 52000 | 4100 918 | 5000 _ 4.2
ovo e o At | €|t | 63| 04 oy ag o BB B0 St B o= e a6
1612 |Pentagrid Amplifier G Hi. | 6.3 | 0.3 |Class-A Amplifier 950 | —3 | 100 | 65 | 53 | 800000 1100 880 | — | —— | 1612
1851 |Television Amp. Pentode G Hir. | 63 | 045 (Class-A Amplifier | 300 | — 27 | 150°| 25 |10 | 750000 9000 6750 | — | — | 1851
ng " |Television Amp. Pentode Y Hlv; | 63 | 045 “[Class-A Amplifier B B Characteristics same as Type 1851 above "185¢9
1853 Tolevmon Amp. Pentode Y ; Htr. 6.3 [ 0.45 |Class-A Amphhev I 300 -3 200 * 3.2 | 125 700000 5000 3500 —_— —_— 1853-
1 Characteristics also apply to *'G" tubes, 5 Subscript 1 indicates no gnd-cu"enl flow. 7 Cathode bias resistor should be adjusted for plale cunenl of 10 ma.; minimum value 160
2 Refer to Fig. 515. Subscript 2 indicates grid-current flow ohms.
3 Screen tied to plate. over part of input cycle. 5 Series screen resistor 60,000 ohms for 1851=52 and 30,000 ohms for 1853 with 300-volt
+ Zero signal currents per tube. 8 Zero-signal currents, two tubes. supply. Series resistor gives variable-u characteristic, fixed screen supply gives sharp cut-off.
TABLE Il —6.3-VOLT GLASS TUBES WITH OCTAL BASES
(For ""G"-Type Tubes Not Listed Here, See Equivalent Type in Table I; Characteristics and Connections Will Be Identicat)
Socket Fil. or Heater Plate | g | Screen Plate . Mutual | Load Power
nnec-| Cathode| Use Suppl Grid Screen Plote Resist-' ¢, q,ctance Resistan |
Tyee [ Name cl‘:i‘(:v::f Cothods Volts Amps. I \7%7(: Bias Volts C:vdv:nl Cu":.nl ance, Ohms cMit:rl::muht:vs | Factor e(g;l:uce (3:":%:' UL
- T “IClass A Amplifier 950 45 ‘— T — 60 800 42 | 9500 | 375
6ASG (Triode Power Amplifier D | Hu | 63 10 Push-Pull Class AB | 395 = —68 | — | | 80r | — 5250 | — i ~ 3000 | 15 | 6ASG
_ . Push-Pull Class A_B“ - 325 850 Ohm Cathode Resistor 80+ e < 5000 | 10
6ACSG|High-x Power Amplifier C Htr. .3 | 0.4 lPush Pull Class-B 250 [ | 52 | 10000 8 I
Triode l || 1Dynam1c-Coup|ed Amp 250 @ — @ — | 32 l Sei00 , B400 l ks | 7000 | 3.7 6ACSG
6AD6G|Electron-Ray TIE‘ - AA  Htr 6.3 0.15 llndlcnlov Tube . 100 ia _(-) !g 9@’ —23 for 135° 45 lov 0" Tnvscl current 1.5 ma. __ |6AD6G
6AE6G|Control Tube BB | Hu. | 63| 0.5 ndicator Contro o == i:: — ‘g‘s’g T eakcG
-6A_FéG ﬁ:«:iju-@v—ﬁ;be B _AA | Hu. | 63 0.15 1Ind|calor Tube | _-10§ "0 for 100°; 60 for O°. Tavgel current 0 9 o I_S_Z;F_Q_G
6B4G__[Triode Power Amplifier |_@_[ Fil. | 63 | 1.0 |Power Amplifier | Characteristics same as Type 6A3 — Table IIl — | — | — | 6B4G
686(5 B Duplo_x-ﬁ@gtl_igh-u Triode 1 | Htr 6.3 _0_3_ Detector-Amplifier | Chnmclemhcs same as Typo 75:fn—blc m — | — —— 6B6G
| |Amp. 1 Section | 250 | —a5 _’ — | — | 34 ' 26000 | 1450 _3_s_l ==
6C8G | Amplifier Inverter S Htr. 6.3 0.3 Inv. 2 Sections | 250 [ —30 — e 1.7 I ~ Output—60v.RMS. 608G
i L ’ | 250 | -30 | — [ —_ 1.0° | Output — 80v. R.M.S i
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TABLE H—6.3- VOLT GLASS TUBES WITH OCTAL BASES Contmued

Socke! Fil. or Heater Plah ' Grid  Se Screen Plalo | Plate Resist- | Mutual Load | Power
Type Name C Cathode Use Supply n Y8en | Current | Current 8318t | C onductance p- Rcslstance Oulpuk T
| . | tions l Volts| Amps. Volts Bias Volts Ma. . |ance, Ohms | g omhos | Fector | Ohm ‘ Walts yee
) ) - | - 135  —30 | 67.5 | Cathode current 8.0Ma. |  Anode grid (No. 2) Volts 135 I
6D8G  Pentagrid Converter B Htr 6.3 | 0.15 Converter 250 —3.0 100 Cathode cument 13.0 Ma, Anode grid (No. 2) Volts =950 16D8G
| ’ I min. | ugh 20,000-0hm dvoppmg umkor 1
6F8G __ Twin Triode S Hu 63| 06 Amplifier 950 -8 — — 9 7700 | 2600 | 90 | | —— |6F8G
N . | [ R 180  — 9 180 2.5 15 175000 | 2300 | 400 | 10000 | 1.1
6G6G IPen!ode Power Amplifier | E . Htr ‘ 6.3 0.1 5_ C?ass-A Amplifier T35 | -6 | 135 2 115 ] 170000 | 9100 | 360 | 12000 6 |6G6G
6J8G | Triode Heptode ] Htr. 63 | 0.3 |Converter 250  — 3 100 2.8 1.2 Anode-grid (No. 2) 250 volts max. throush  |6J8G
N - _| o R - I B | __20,000-ohm dropping resistor, 5 ma. ) |
6K5G High-ux Triode _i D Htr. | 6.3 ' 0.3 ) Class-A Amplifier ;gg -138 : ?135 ;gggg ) 1288 ;8 = !?KS?
6K6G Eonkode Power Ampliﬁev_ E “Htr, 6.3 n_i 0.4 CIass-A Ampllﬁer Characteristics same as Type 41 —Table il |6K6G
6L5G _[Friode Amplifer ’ C | Hu | 63| 015 Cles-A Amplifier ¥ 50— T & T e |1 = = |ase
6N6G Dued-Coupled Kr;p-l iiev N | Hu. 6.3 | 0.8 Power Amplifier Characteristics same as Type 685—Table 111 | —_— E— _— |§N6G
6P1G  Triode-Pentode T |_Wv._ 63 | 03 Tnode-PenRode - Characteristics same as Type 6F7 —Table Il _ - |6P1G
6UTG Triple Grid Variable-: G Htr. | 63 | 0.3 |RF. Amplifier Characteristics same as Type 6D6 — Table il 6U7G
Amphﬁev | - - . - _ . _ - _ |
6VIG Duplex Diode-Triode | | Htr. | 6.3 | 0.3 |Detector-Amplifier i ) Characteristics same as Tyse 85 — Table H! B _|16V1G
6W7G Triple-Grid Det. Amp. G Ht. | 63 0.5 Class-A Amolifier 250 3 100 2 05 1500000 1225 1850 — | — [6W7G
6Y6G Beam Power Amolifier K Hitr. 6.3 | 1.95 Class-A Amplifier 135 135 135 3 60 — 1000 —_— 2000 3.6 [6Y6G
6Y7G Twin Triode Ampllhev o L _Hwr. 63 0.3 Class-B Amolifier Characteristics same as Type 79 — Table (Il 16Y1G
L | He | 63| 03 |Clese:B Amplifir IV EO L LA — 12000 42 |76
6Z7G Twin Triode Amplifier tr. Sl w_as.-__mpl_e B 135 ° — p— e p— ) — 9000 2 5
7000 Low-Nonse Amplifier G Ht. 6.3 0.3  Class-A Amplifier Characteristics same as Type 6J7 — Table | |7000
1 Reler to Fig. 515. No connection to Pin No. 1. 2 No-signal vatue for 2 tubes. 3 Per plate. 4 Plate No. 1, remote cut-off. > Plate No. 2, sharp cut-off.
TABLE Il —6.3-VOLT GLASS RECEIVING TUBES
- Socket Fil. or Heater Plate Grid | S Screen | Plate ‘Pl te Resist Mutual A [ Load | Power ‘
N Base ¢ C c- Cathode Use Supply o creen | ¢ irent Current | iate Resist-l Conduct- MP- | Resistance| Output | Type
Type ame ase R‘i’:::‘ a Volts| Amps Volts Bias Volts Ma, Ma, |once, Ohms _ance Fac!ov | Ohms Watls
| B ) : | | [Micromhos | | [
B | 'Class-A Amplifier 950 |- 45 — | — 60 | 800 | 5250 42 | 9500 | 3.2 |
6A3 Triode Power Amplifier 4-pin M. ( A Fil. 6.3 | 1.0 Push.Pull Amplifier 7325 - 6.8 Fixed Bias 4.0 Power output for 2 tubes 3000 1.5 ‘ 6A3
‘ ~ 395 If Bias 4.0 __load piate-to-plate 5000 ' 1.0
Yy . S - e . — 65 100 | 16 | 90 | 83250 1 00 | 110
6A4° Pentode Power Amplifier = 5- pln M, F Fil. 6.3 | 0.3  Class-A Amplifier }gg | —12.0 188 ;.9 29'0 42500 I 9388 l }00 80% ‘1)32) 6A4
B N e =y ) 08 |ClaeB Amclifer | 250 | O ‘ P tput is for one tub. " 8000 | 8.0 |
6A6 Twin Triode Amplifier 7-pin M T Htr. ) 6.3 |- 2 -19055-8 Am;ﬂ.v - I_ ggg | 8- —_— — _—owt—u °u|g:d ISD‘I:R’:{::-DIUM: at stated 10000 188 6A6
"6A7T  Pentagrid Convert JpinS. | P | Hu | 63| 0.3 |Converter | 250 |— 3.0 | 100 .2 3.5 | 360000 Anode grid (No. 2) 200 volts max,, | 6A7
6AT Pentagrid Converter p ]“ F —| e | 63 ¢ _1» ) i 3 | nrd I“le
“6ABS \Elocuon-ia—y_Tubc | 6-pi_ S. l r4 | Htr. 6.3 [ 0.15 |Indicator Tube 135 0 C:'R-o; ?vid 0.5 Target current 4.5 ma. |"6AB5
ias 7.5 v.
685 Direct-Coupled Power Am- Gpin M.| Y | Hir. | 6.3 | 0.8 |ClassA Amplifier | 300 ) 6" | 45 241000 2400 | 58 | 7000 | 4.0 g
| olifier | [ 4Push-PulI Amplifier 400 | —13 45 | 40 = — | — [T7o000 "0
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TABLE Iit —6.3-VOLT GLASS RECEIVING TUBES — Continued

| A | | !
| Socket Fil. cr Heater Plate | n Screen | Plate | .| Motual Load | Power
Type Name Base* |Connec- Cathode ——— Use Supply Caiind ‘ s\j’:l:" Current | Current P.lah 'cl;':m'l Conduct- | Amp. ' pogictance| Output | Type
tions ! Volts, Amps Volts | Bias | * | Ma. I Ma, |once.hms | ance Factor | “'Ohms | Watts
_ || B . S Micromhos ) i
A Pentode R.F. Amplifier 250 |- 3.0 | 195 2.3 9.0 650000 1125 730 —_—
] " Pe | 250 | 3 687
6B7  |Duplex-Diode Pentode 7.pm S. Q f—lﬁ 6.37 0.3 Pentode A.F. Amplifier 250  — 4.5 50 “0.65 | 1 )
|Screen-Grid R.F. 250 - 3.0 100 0.5 2.0 exceeds 12925 exceeds —— _
6C6 ‘Tviple-G_vid Detector 6-pinS. | J Htr. | 63 | 03 | Amplifier - - I 1.5 mes. 1500 B 6C6
' mpliher |Bias Detector 250 - 195 50 Cathode current Plate coupling resistor
_ o ~ i i I - ~ 0.65 ma. L A R 1] ohms - o
6D6 [Triple-Grid Variable-s  6-pinS. | ) | Hu. | 63 | 03 |“ammongtt 290 |7 30100 | 20 | 32 | 800000 | 1600 |20 | — | T | e
I_A_mfl e B . | (Mixer - 250 -:19.6 100 === — e _6scilla(ov peak volts _:?_)_
6ES |Elcdvon-Ray Tube 6-pinS. | Z Htr. 6.3 0.3 |Indicator Tube 250 ; 0 B.Cu(-off gigd 0.925 Target Current 4 ma. —— | 6ES
| | ias Ov. |
6E6  (Twin Triode Amplifier T-pinM.| T Htr. | 6.3 | 0.6 (Class-A Push-Pull Am- | 180  —20 Per plate — 11.5 4300 | 1400 60 | 15000 | 0.75 | 6E6
| i - plifier 250  -97.5 Perplate—180 | 3500 | 1700 | 60 | 14000 | 1.6 |
Triode Unit Amplifier 100 - 3.0 | 3.5 16000 | 500 8 — @ —
6F7  |Triode Pentode T-pinS. | W Htr, 6.3 0.3 |Pentode Unit Amplifier 250 - 3.0 100 |15 6.5 850000 | 1100 | 900 — | — | 6F7
d o Pentode Unit Mixer 250 100 100 | 06 | 2.8 _ Oxcillator peak volts —7.0 |
6G5 |Etectron-Ray Tube 6-pin S. | Y4 Htr. 6.3 0.3 Indicator Tube 250 0 (By!-off??vid l 0.24 Target Current 4 ma. | — | 6G5
ias -22 v,
6H5 _El—ectvon-m'l'ube i 5.pin S. Z Htr. 6.3 0.3 |Indicator Tube o S'a!Le cha!ac(_e_ri_s(vic—s as '_fype 6G5 — Circular Pattern - 6H5
6N5  |Electron-Ray Tube 6-pin S. z Htr. 6.3 0.15 |Indicator Tube 180 0 BCul-off Géid 0.5 Target Current 2 ma. ——  6NS
ias 12v.
6U5  |Electron-Ray Tube | 6-pin S. 4 Hr 6.3 0.3 Indicator Tube - Same chau_d_evislics‘es Type 6G5— Tubular Bulb T _— - oﬁ
| |Screen Grid R.F. 100 '— 1.5 55 1.8 550000 850 470
Amplifier 180 — 3.0 90 l S 3.1 500000 | 1050 525 —— —_—
36 Tetrode RF. Amplifier  5-pinS. | | He. 63 03 B 250 - 30 90 | 1.7 | 39 | 550000 | 1080 [ 595 36
|Bias Detector 100 — 5.0 55 —_— Plate Current to be adjusted to —_—
- - - 250 — 8.0 90 el | I - 1 ma, with no signal === —
o 90 |— 6.0 2.5 11500 800 92
| |Class-A Ampl_fier 180 |—13.5 ' e C l 4.3 10200 900 9.2 _ | — ‘
37 Triode Detector Amplifier | 5-pin S. H Htr. | 6.3 03 _ 250 |-18.0 7.5 | 8400 | 1100 9.2 37
| |Bias Detector 90 |—10.0 | — | — | Plate Current to be adjusted to l —_ [
- 250 |—28.0 ) 0.2 ma. with no signal o
| | 100 — 9.0 100 1.2 7.0 [ 140000 875 l 120 15000 0.27 |
38 |Pentode Power Amplifier | 5-pnS. | Hts. 6.3 0.3 Class-A Amplifier 180 —18.0 I 180 ' 2.4 ’ 14.0 | 115000 1050 I 120 11600 ' 1.00 38
e o 250 -950 | 250 | 38 [920 | 100000 | 1200 | 120 10000 | 250
. . . . 90 90 1.6 5.6 375000 960 360 T
iz |V.P”:ntl’lo.d-: R.F. Amplifier | 5-pin S. | Ht. 6.3 0.3 \ch;e"r:-fii‘vix.d’ R.F. 180 —m?';O i 90 | 1.4 58 I 750000 1000 | 750 i‘:
et 250 - | 90 | 1.4 | 538 | 1000000 | 1050 | 1050 i “ o
| 100 |— 7.0 100 1.6 9.0 103500 1450 | 150 12000 0.33 |
41 |Pentode Power Amplifier | 6-pin S. M? Htr, l 6.3 0.4 Class-A Amplifier 180 | —135 [ 180 3.0 18.5 l 81000 1850 ' 150 9000 | 1.50 ' 41
o o 250 |—1870 | 250 | 55 |3920 | 68000 | 9200 | 150 7600 | 3.40 |
42 Pentode Power Amplifier | 6-pin M. M: Htr. | 6.3 0.7 Ciass-A Amplifier 250 | —16.5 250 6.5 (340 | 100000 2200 | 290 7000 3.0 | 42
75 qup!e:’-Diode High-x 6-pinS. | K Htr, I 6.3 | 03 Trode Amplifier 250 |- 135 — ' — | 04 ' 91000 1100 | 100 | — | — |75
riode | JUU—
. : Class-A Amplifier 250 —13.5 — | — 750 | 9500 | 1450 | 138 | — | — |,
76 Triode Detector Amplifier | 5-pin S, e Lali ‘ e W [Bias Detector 250 | —20.0 Plate current to be adjusted to 0.2 ma. with no signal
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Socket Fil. or Heater |
Type Name Base! Connec- Cathode i
tions ! Volts | Amps
|Triple-Grid Detector o .
77 Al |6-pinS. | Hu. | 63 | 0.3
78 Triple-Grid Variable-u I 6-pin S. J Htr. | 6.3 0.3
Amplifier |
79 (Twin Triode Amplifer | 6pinS. | ©  Huw. | 63 | 0.6
— _ | |
85 'Duplex Diode Triode | 6-pin S. K Htr. | 6.3 | 0.3
| |
89 Triple-Grid Power | 6-pin S, L Htr. 63 | 0.4
Amplifier
|
1603 Triple-Grid Detector 6-pin M, ] Htr. 6.3 03
Amplifier |
(Low Noise) i
7700 Low-Noue Amplifier 6-pin S. )_ THtr. _ 6.3 " 9 3
RK34 Twin Triode Amplifier 5-pin M, DD Htr. 6.3 0.8
N TpinM. B
RK100 Mevcuvy-vapov Triode 6-pin M, cC Htr. 63| 0.6

986

'Re!ev to Fig. 514,
grid,
on bas. diagram,
2 Also known as Type LA,

ted to cathode inside tube, not shown

TABLE 11l —6.3-VOLT GLASS RECEIVING TUBES — Continued

| Screen

B Mutual - :
|Plah Resist-|

5 Current to input plate (P:).

¢Grids Nos. 2 and 3 connected to plate.

7Grid No. 2, screen; grid No.

3, suppressor.

TABLE IV —2.5-VOLT RECEIVING TUBES

| Socket Fil. or Heater
Type Name Base * |Connec- Cathode ——— — ——
I tions ! Volts Amps
2A3 {Tviodo Power Amplifier | 4-pin M A | Fil 2.5 2.5
SAS Pentode Power wer Amplifier 6-pin M. M? Hu, | 25 1.75
&6_ <Duplex-DIodc Triode 6-pin S. K | Hw, 2.5 §§
A7 ,Pmugvid Converter 7-pinS. | P Hts, 2.5 0.8
lSpocIcI Power Amplifier | 7-pin M._‘ BB | Hi. 95 2.95

|

Plate I 9
Grid
Use Supply -
Volts : L
“|Closs-A Amplifier | 250 | —45 |
Push-Pull Amplifier =
CIcss-A Ampllﬁev 250 ) —1 55__[
Triode as Class-A Amp 250 _ :1_3§ ' )
Converter 250 - 3.0 ‘ 100
| min.
Ampliﬁev 250 -240 |

Screen
Volts

Self-Bi
_ Fixed-B

950

Current
Ma,

Screen ‘

? Early models; later tubes have 7-pin bases. Connections same as
Fis. 514-T except that pins 2 and 6 are unconnected; plate leads
brought out to top caps.

Plate Grid | Screen Plate Conduc- | Amp. | Load | Power
Use S\u/:;:';‘lsy Bias Volts C::ent C:::nt ance, Ohms :o':uc:c Factor | Resistance (\)A;":’t:' Type
= - Micromhos | i ms o
Screen-Grid R.F. 100 (— 1.5 | 60 | 0.4 1.7 | 650000 ~ 1100 | 715 i
Amplifier 250 |~ 30| 100 | 0.5 | 23 | 1500000 | 1250 | 1500 - | — n
_ Bias Detector | 250 — 195 50 |  Cathode current =0.65 ma. Plate_cou_plmg_uiutov 250000 ohms
9 | 1.3 6.4 | 315000 1275 400 | |
Screen-Grid R.F. 180 — 3.0 75 1.0 4.0 | 1000000 1100 1100 78
Amplifier 250 | min. | 100 | 1.7 | 7.0 | 800000 | 1450 | 1160 —— | ——
R 250 | 125 | 9206 '1055 | 600000 | 1650 | 990 -
: 180 | 0 | Power output is for one tube 7000 5.5
Class-B impl'ﬁ" 250 o ___ atstated load, plate-to-plate 14000 | 8.0 | 4
. It 135 | —10.5 | 3.7 11000 750 | 8.3 25000 0.075
Trigde Unites Class-A | 130 |“435 | — | — | 60 | 8500 \ 975 83 | 20000 ' 0.160 85
| Amplifier 250 | —20.0 | 8o 7500 | 1100 | 83 | 90000 | 0.350
Class-A Triode 160 | —20.0 | 17.0 | 3300 | 1495 4.7 7000 0.300
Amplifier 180 -929.5 ' e — | 20.0 ‘ 3000 ‘ 1550 4.7 6500 0.400
- - 250 31.0 32,0 2600 | 1800 4.7 | 5500 0.900
Class-A Pentode 100 | -10.0 | 100 | 1.6 9.5 104000 | 1200 | 125 | 10700 | 0.33 | 89
Amplifier | 180 18.0 | 180 I 3.0 | 20.0 80000 1550 | 195 | 8000 | 1.50 |
| 950 50 | 950 | 55 | 320 70000 | 1800 | 185 | 6750 | 3.40 |
Clcss-B Triode 180 [ —_—_ | — Power output is for € tubes 1713600 |~ 2.50 |
Amplifier - o ) ! at stated load, plate-to-plate B 9400 3.50 |
Closs-A Pentode 100 =13 100 0.5 2.0 | 1000000 ' 1185 | 1185 S e
__ Amplifier 950 | —3 100 0.5 | 2.0 | 1500000 19225 | 1500 | —— | — 03
Class-A Triode | 180 - 53— — 53 11000 | 1800 | 20 | — | —
" Amplifiers 250 - 80 —  — 65 10500 | 1900 | 20 — | — |
Class-A Amplifier o Characteristics same as 6C6 o 1700
Class-B Amplifier 180 6 —_ —_ Power output for one tube at 6000 7.2 RK34
- 300 15 —_— —_— stated load, plate-to-plate 10000 12.0 |
Amplifier 100 [ — 2.5 Cathode (G1) current 250 mo, 20000 50 —_ —— | RK100
15, —small; M. —medium, 8 Grids Nos. 1 and € tied together; grid No. 3 connected to plate.

Plate Mutuel Load | Power |
|Plate Resist-| Conduct- | Amp,

Cun:nt'mw'ohms Mi::;:hos Factor Ro(g;m:ce (a/utan;t Type
600 | 800 | 5950 | 4.2 | 9500 | 3.5 |
40,0 -, Power Output for 2 tubes 5000 | 100 | 2A3
40.0 Load Plate-to-Plate 3000 | 15.0

340 | 80000 | 9500 | 900 | 7000 | 3.0 | 2AS
0.4 91000 1100 100 | 2A6
35 360000 Anode grid (No. 2) 200 max. volts, | QAT

4.0 ma. Grid leak, 50000 ohms
40.0 | 5150 | 3500 | 18.0 40

5000
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Socket Fil. o Heater
Type Name Bese © C9nnec- Cathode!
tions ! | Vollsl Amps |
:287 lDuplex-D_no_dg P_entode 7-pin S. |_- Q B “Hu. | 25 0.8
E5 EI.dvon-R.y Tube  6-pin$S ~Z | Hw. 25| 08
|
24-A ]Iehode R.F. Amplifier | 5-pin M. ' I Hino | 25 175
97 |Triode Detoctor-Amplifier | Spin M. H | M. | 25 | 1.75
35 |Variable-u Amplifier '_"1‘5‘.9:" M. Hy. 25 | 175
45 Triode Power Amplifier 4-pin M, A Fil. 2.5 1.5
S — :
46 |Dual-Grid Power Amplifier| 5-pin M. G Fil. 2.5 1.75
1
47 |Pentode Power Amplifier | 5- -pin M. F Fil. 25 | 1.75
53 ITwm Triode Amplifier l' T-pin M, T Htr. 2.5 | 20
_5§__ _lpuplex-l?lode Triode |"6-pin S. K Ht. | 2.5 I 1.0
56 !Tviode Amplifier, Detector ! 5-pin S. H Hitr. | 2.5 I 1.0
_ |
57 Triple-Grid Detector 6-pin S. J Hitr. 2.5 1.0
Amplifier {
58 'Tviple Grid Variable-u |"6-pin S. J Hitr. 2.5 1.0
Amphﬁev
[Triple-Grid Power .
59 mplifier T-pin M, N Hitr. 2.5 2.0
RK15 iviode fowev Ampli‘ﬁev 4-pin M. A Fil. 2.5 | '1.;[_5_
RK16 Triode Power Amplifier 5-pin M. _H Htr, ) ?5 2.0 -
RK17 Pentode Power Amplifier | Htr. 2.5 2.0

5-pin M.

' Rchl to Fig, 514,
grid, co ted to cathode inside tube, not shown on base diagram.
'S —MM" M. — medium,

TABLE V—2.0-VOLT BATTERY RECEIVING TUBES

Socket | Fil. or Heater
Type Name Base® Connec- Cathode
| ‘ tions ! | Volts| Amps
1A4 'Vorigble-u Pentode 4-pin § § _Fit. 1 20 __0_03__'
1A6 |Pentagrig Converter b-pin §, | v Fil. 2.0 | 0.06

TABLE IV —2.5 YOLT RECEIVING TUBES— Continued

1
Plate Grid | Screen Screen | Plate Plate Resist- (A:n"é::l_ Amp Load Power |
| 4 C t | Current IR
Use S\'}‘;TJ Bias Volts ""'f' :A:" ance, Ohms . ::::C:lhos Factor °6sh':|"sc° l %’:ﬁ;" ' Type
Pentode Ampllﬁev - Characteristics same as  Type 687 —1abie it e 2B7
|indicator Tube - Characteristics same as Type 6E5 — Table |l | 2E5
[Screen-Grid RF. Amp. | 250 — 3.0 90 1./ | 40 | 600000 | 1050 | 630 - — | ean
|Bias Detector | 250 — 5.0 ©0 "~ Plate current ndlus(ed to 0.1 ma. with no signal | =
[Class-A Amplifier 950 |-21.0 — | — | 53 9250 | 975 | 9.0 | — g7
IBIG! Detector 250 | —30.0 R __Plite current aﬂust_ed t_o 0.2 ma. with no slgnal |
[Screen-Grid RF. Amp. | " 950 — 3.0 90 25 | 6.5 | 400000 | 1050 | 430 — — |35
180 | —31.5 180 | 310 1650 2195 35 2700 | 0.82
{Class-A Amplifier 250 -50.0 250 | —— | 340 | 1610 2175 35 3900 ' 1.60 | 45
o 275 -56.0 _ﬂ_) 350 | 1700 | 2050 _35__‘ 4600 2.00
Class-A_Amplifier 850 130 T——=" —~ | 430 | @0 | 9950 | 56 | edoo | i |
{ .
Cod Amptiior | 300 5| — | — | Fonmoumtin S ube fae | 89
Class-A Amplifier | 950 “165 950 | 60 | 31.0 | 60000 2500 150 | 7000 | 27 | 47
Clsss Ampiier | B9 8 — | — | Fewe fé’:ﬁ"'.,fi’{.'té'.‘,',’nic‘l' 10000 | 100 |53
[Class-A Amptifier | 950 —w0  — — | 80 7500 | 1100 8.3 | 20006 | 0.350 55
[Class-A Amplifier | 250 135 —— — | 50 I 9500 1450 13.8 T 7
|Bias Detector | 250 200 —— Plnte current ad;usted to 0.2 ma. with no signal
Screen-Grid R.F. | “g50 30 | 100 05 20 | exceeds 1295  exceeds — |
Amplifier 1.5 meg. 1500 57
|Bias Detector 250 1.95 50 Cathode current - _O 65 ma. Plate resistor = 250000 ohms
Screen-Grid RF. Amp. | 250 (— 3.0 | 100 2.0 | 82 | 800000 | 1600 1280 — | — o
|Mixer 250  —10.0 100 — —_— | Oscillatcr peak volts — 7.0 B —_—
Class-A Triode * 950 980  —— —— (960 | 2300 2600 60 | 5000 | 1.95
[Class-A Pentode ’ 950 -—18.0 | 250 9.0 |350 | 40000 2500 100 | 6000 | 3.0 |59
(Class8 Triode* ;== Poved oS deret | 4530 138
Characteristics same as Type 46 with Class-B connections RK15
Characteristics same as Type 59 with Class-A triode connections RK16
Characteristics same as Type 2A5 - | RK17

4+ Grid No. 2 tied to plate.
5 Grids Nos. 1 and 2 tied together.
8 Grids Nos. 2 and 3 connected to plate,

“ Grid No. 2, screen; grid No. 3, suppressor.
4 Grids Nos. 1 and 2 tied together; grid No. 3 connected to plate.
9 Grid connection to cap; no connection to No. 3 pin.

[ Mutual .
Plate ) Screen | Plate Load Power
Screen | Plate Resist-| Conduct- | Amp. D
Use Supply g."d Current | Current Resistance Qutput  Type
ios Volts ance, Ohms | ance Factor g
\f { | Ma. ' Ma, (" M|cvomhos Ohms | Watts |
IR.F. Amplifier 180 - 3.0 “615 08 | 23 1000000 — 750 | 150 — — 1A4
Converter 180 — 3.0 61.5 2.4 1.3 | 500000 Anode grid (No. 2) 135 max. volts; 1A6
min. | 2.3 ma. Grid Leak 50000 ohms
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TABLE V —2.0-VOLT BATTERY RECEIVING TUBES — Continued

7 . f Plate | | Mutual

Type

1B4

185

1C6

AF4

1F6

15

30

31

32

19

33

34

Type

'1C1G

1D5G

"1D1G

Socket Fil. or Heater Plate . Screen Load Power
Type Name Base ° |Connec- Cathode Use Supply (B;l’;? S\clvern ‘ Current ' Cunent |P“:_: ?)”:;'s" c‘:'::':d' a;’;g’ | Resistance Qutput
tions ! Volts| Amps Veits olt Ma. ance, | Micromhos | Ohms Watts
|
1B4__ Pentode RF. Amplifier  4-pinS. D | _Fil. | 20 0.06 R.F. Amplifier 180 — 3.0 675 0.6 1.7 1500000 | 650 1000 — @ ——
185 ‘Duplex-qude Triode 6pinS. X ' Fil. 20 0 06 Triode Class-A Amplifier, 135 36 —  — 0. 8 ___35000 575 20 —_—
1C6  Pentagrid Converter 6-pin S. v Fil 2.0 | 0.12 |Converter 180 3.0 615 2.0 1.5 750000 Anode grid (No. 2) 135 max. volts;
B o - - min. - o ) 3.3 ma. Grid Leak 50000 ohms
"1F4__ |Pentode Power Amplifier 5-pinM.| F | Fil. | 2.0 0.2 Class-A Amplifier 135 45 135 26 | 8 | 200000 1700 | 340 16000 = 0.34
[ R.F. Amplifier 180 1.5 615 0.6 2.0 1000000 650 650 —_ _—
1F6  |Duplex-Diode Pentode 6-pin S. EE Fil. 2.0 0.6 A.F. Amplifier | 135 1.0 135 Plate resistor 0.25 megohm Voltage
o ) o 7 - § Screen resistor 1.0 megohm mp. =48
15 R.F. Pentode Amplifier- | 5-pinS. | Rt. 2.0 0.22 R.F. Amplifier 135 1.5 675 | 03 | 1.85 800000 750 | 600  —  ——
| Oscillator L 61.5 1.5 675 03  1.85 630000 710 450  — —
19 Twin-Triode Amplifier 6-pin S. [V} Fil. 2.0 0.26 Class-B Amplifier 135 [ —— LLoad plate-to-plate 10000 21
90 4.5 2.5 11000 850 9.3
30 Triode Detector Amplifier  4-pinS. | A Fil. 2.0 | 0,06 [Class-A Amplifier | 135 | 90| —— | — 3.0 10300 900 9.3 —_ —_—
I ) o 130_ -‘!?.5 a 3 __10300 ) _9_09 B 93 o
. . . . . 135 | —925| — | — 8.0 4100 995 3.8 7000 0.185
31 anode Power Amplifier 4-pin S. A Fil. 2.0 0.13 | Class-A Amplifier 180 | —30.0 | 13 3600 1050 38 5700  0.375
Screen-Grid R.F. 135 | 3.0 61.5 0.4 1.7 950000 640 610
32 Tetrode R.F. Amplifier 4-pinM. D Fil. 2.0 = 0.06 Amplifier 180 | — 3.0| 675 | 0.4 1.7 1200000 650 780 -
7__' ) B ) o Bias Detectcr 180 |_ g 60 617.5 —_— Plate current adjusted to 0.2 ma. with no signal
. . : : 180 18.0 180 5.0 22.0 55000 1700 90 6000 1.4
i_lPentodo Power Ajmihﬁev ?-ﬂn M , i Fil. 2.0 Sij Class-A Amplifier 135 [ 35| 135 30 145 50000 1450 70 7000 0.7
34 |Variable-u Pentode R.F. 4-pinM.| D* Fil. 20  0.06 Screen-Grid R.F. 135 | 3.0 6715 1.0 2.8 600000 600 360
Amplifier o Amplifier 180 min. 675 | 1.0 2.8 1000000 620 620 )
| Class-A Amplifier* 135 200 —— e 6.0 4175 1125 4.7 11000 17
49 Dual-Grid Power Amplifier 5-pin M. G Fil. 2.0 ' 0.12 Class-B Amplifier: 180 0 _ — Power output for 2 tubes at 12000 3.5
o - o - o ) - - - indicated load, plate-to-plate o
840 R.F. Pentode 5-pin S. i GG B 2.0 0.130 Class-A Amplifier 180 3 615 0.7 1.0 1000000 400 400 e
7950  Pentode Power Amplifier S5-pinM.| F_ Fil. | 20 | 012 [Class-A Amplifier 135 165 135 20 | 7.0 100000 1000 100 13500 0.45
RK24 Triode Ampllﬁu 4.pin M, A Fil. 2.0 0.1¢2 Class-A A mplifier 180 135 —— — | 8.0 5000 1600 8.0 12000 0.25
Re'er to Fig. 514, ' $,— snall; M.— medium.
grid ted to filament inside tube, + Grid No. 2 tied to plate. !
not shown on base diagram. Grids Nos. 1 and 2 tied together.
TABLE Vi— 2.0-VOLT BATTERY TUBES WITH OCTAL BASES
T Toma] et : | 1
Socket Fil. or Heater | Plate 9 Screen Plate Tl Mutual Load Power
Type Name Connec-] Cathode , Use Supply (B;.'.'? S\:}voe':n Current | Current Plate ?)”:m' Conduct- f‘";p Resistance| Qutput
| tionst Volts| Amps Vol ! o Ma Ma, | 2nce, Lhms Mi:vn:r:hos actor | " Ohms | Watts
1C7G_|Pentogrid Converter A 2.0 | 0.06 ~IConverter — T — Characteristics same as Type 1C6 — Table V — — =
1D5G |Variable-u R.F. Pentode B 2.0 0.06 R.F. Amplifier == _ Cheracteristics same s Type 1A4 — Table V ==
1D7G Pentagrid Converter A 2.0 | 0.06 Converter e e Characteristics same as Type 1A 6 — Table V S e S
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TABLE VI—2.0-VOLT BATTERY TUBES WITH OCTAL BASES— Contmued

Socket | Fil. or Heater Plate ; Screen | Plate iMutus] Amp. | Load | Power |
Type | Name Connec-| Cathode|— Use Supply g’l'.": S\;v:lel;l Current | Current P'::: 'g’::;;' c‘:’:i';d' Factor |Resistance| Output | Type
tions ! | Volts| Amps Volts Ma. ’ a. ’ Micromhos | Ohms Watts |
1E_5G RF Amplifier Pentode B j_ Fil. | 2.0 ;_ Q 06 RLF. Ampllﬁev == - Characteristics same as Type 1B4—Table V - — -‘ — B _—__- _1E5G
1E7G _ Double Pentode Power Amp.|_ C | Fil. | 2.0 | 0.24 |Class-A Amplifier 135 ~15 135 2.0 657 920000 | 1600 350 24000 ' 0.65 1EVG
1F5G Pentode Power Amplifier D Fil 2.0 | 012 Class-A Amplifier === Characteristics same as Type 1F4—Table V — — —r 1F5G6
1F7GV Duplex-Diode Pentode E FiL 2.0 '_ 0.06 Detector-Amplifier — — Characteristics same as Type 1F6—Table V — — —— 1FIGV
) { : 90 -6 90 2.7 8.5 133000 1500 200 8500 0.3
1G5G 'Pentode Power Amplifier ) -l? “Flll. | 2.0 -BE B Class-A Amplrlﬁev 135 13.5 135 2’5 % 1600000 1550 250 9000 055 1G5G
1H4G Triode Amplifier - L ) m_ 2.0 0.06 Detector-Amplifier —_— — Characteristics same as Type 30—Table V — — i 1H4G
"1H6G |Duplex-Diode Triode G Fil. 2.0 0.06 Detector-Amplifier = — Characteristics same as Type 1B5—Table V —— — | — | 1H6G
"1J5G Pentode Power Amplifier D Fil. 20 01 9 Class-A Amplifier 135 -16.5 135 2.0 7.0 e 7 950 100 13500 0.45 135G
116G Twin Tnode H Fii 2.0 | 0.24 Class-B Amplifier C e Characteristics same as Type 19—Table V —_— _— —_ 1166
I D _ _ - _ N N S N
! Refer to Fig. 516, 2 Total current for both sections; no signal.
TABLE VIl—1.5-VOLT FILAMENT DRY-CELL TUBES
- . T T Mutual |
Socket Filament Plate . | Screen Plate . Load Power
Type Name |Connec- =5 Use Supply ?I’Glg S\‘}':ﬁs" | Current Current :‘:‘: Ré;:;:; Co.r::i:ct- | FAa":ov | Remlance Qutput Type
tions ! | Volts Amps Volts ‘ Ma. e Micromhos | < E ms | Woatts
1ASG _ Pentode Power Amplifier = D: 1.4 005 (Class-A Amplifier R 45°( 85 | ol‘ ~ 35 | 300000 800 | 240 | 25000 0.1 1A5G
K A7TG  Pentagrid Converter A 14 0.05 Converter 90 _0 45° 6_6 0.55 600000 o Anode-grid volts 90 - 1A7G
"1C5G  Pentode Power Amplifier D* | 1.4 0.10 [Class-A Amplifier '_ 83 -7 83 1.6 7.0 110000 1500 | 165 9000 | 0.2 165G
"1H5G  Diode ngh-anode ] - ]i 0. 05 |[Class-A Amplifier 9_0 o e —_— ) 014 ] 240000 _75 | 65 e J——:—~ _1HLG B
“IN5G  Pentode R.F. Amplifier B: 1.4 | 005 \Class-{\ Amplifier | 90 [+] 90 0.3 1.2 1500000 | 750 | 1160 — — 1N5G
RK42 Triode Amplifier - Ac 15 | 0.6 _‘CIass-A Amplifier | - Characteristics same as Type 30—Table V - RK4¢2
RK43  Twin Triode Amplifier IELENIE | 012 [Twin Triode Amplifier 135 3 el 45 14500 900 13 | — —  RK&3
— — - — — - — — - —— — - — - -
1 Refer to Fig. 516. 2 G3 connected to Pin 7 inside tube. 3 Grid bias obtained from 90-volt ‘B supply through self-biasing resistor.
+ Obtained from 90-volt supply through 70,000-ohm dropping resistor. Refer to Fig. 514,
TABLE VII—HIGH-VOLTAGE HEATER TUBES
| Mutual
Socket Heater Plate A Screen | Plate q Load Power
Type Name Base ° | Connec-| _ _ . Use Supply EI’;S S\‘}':ﬁ: Cunent Current T::: g’::;" co;:::';d' FA":Z Resistance Qutput Type
| | tions' | \one | Amps Volts Ma. | Ma. d * | Micromhos actor | 'Ohms ~ Waitts
| _ N I S R [ | | | [ - )
12A5 Pentode Power Amplifi T-pin M. AA | 126 0.3 |Class-A Amplifier 100 -15 100 4.0 ‘ 18 e e 5000 0.7 12A5
| R 6.3 40.9 1 S -ﬁ __ﬂ_ 180 9.0 | 40 — S —_— 4500 2.8
-12A7 [Rectifier-Pentode Power 7pin M. FF | 126 0.3 (Class-A Amplifier 135 | —13.5 135 25 7 9.0 | 102000 975 100 13500 | 055 .,
Amplifier o _|Half-Wave Rectifier 125 Max. Volts R.M.S. Output current 30 ma. Max. | =
18 |Pentode Power Ampﬁﬁev__ 6pin M. M? | 14 0 3 Class A Amplifier o Characteristics same as Type 2A5- Table IV - B o 18
N | . 95 | —15 95 | 4 20 | 45000 2000 90 | 4500 [ 09 |
25A6 Pentode Power Amplifier 7-pin O. E* 25 0.3 |Class-A Amplifier 135 —20 135 8 37 35000 2450 85 ‘ 4000 2.0 25A6
25A6G 180 20 135 1.5 38 ! 40000 2500 100 5000 2.75 25A6G
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|

TABLE VIll —HIGH-VOLTAGE HEATER TUBES — Continued

] | Heater . Mutual [
Type Name Base? Cs:::::- — - — Use PIH:O ?)e;m- Condcuct- e I 8::;::! Type
tions! | olgs | Amps ance, hms Mi:r':n:hos Watts
—— f e
25ATG Rectifier-Amplifier @pinO.| V¢ | 95 | oA Ampliier L 0.17 | 95476
2585 Direct-Coupled Triodes 6pinS. |~ Y 25 0.3 Cless-A Amplifier 11400 | 9900 2.0 79585
25B6G |Pentode Power Amplifier 7-pin O. E* 25 0.3 |Class-A Amplifier —_— 4000 1.75 | 25B6G
25L6  |Beam Power Amplifier TpinO. K' "9 | 03 Class-A Amplifier 110 [3.5-105| 45-48 | 10000 8000 2.2 | "95L6
25L6G Beam Power Amplifier 7-pin O, K+ 25 0.3 | Class-A Amplifier T Characteristics same as Type 2506 25L6G
25N6G  Direct-Coupled Triodes | 7-pin O. N ¢ 25 0.3 auss-E Amplifier —1_ ) _ ; 11400 2200 | 2.0 | 25N6G
= 5 . = 4, 0 3
43 ‘P.e_n!ode Power Amplifier . 6-pin M. M? 25.0 | 0.3  Class-A Amplifier 7'8 _ggggo gggg ggg_ 43
48 Tetrode Power Amplifier I 6-pin M. | M | 30.0 0.4 | Class-A Amplifier gg — 3800 gg 48

1 Refer to Fig, 514.

|
Type Name

00-A | Triode Detector -

Socket Fil. or Heater |
Base 2 | Connec- Cathode| ——— Use
tions ! Volts| Amps
o ﬁin M. _-__ —_ﬁ;;_ 5.0 _9‘25_ Grid Leak Detector
Fil. | 50 | 0.25 [Class-A Amplifier

1]
01-A !Triode Detector Amplifier | 4-pin M.

10 Triode Power Amplifier

11-12 Triode Detector Amplifier = 4-pin M, [

[—————
4-pin M.

TABLE IX—MISCELLANEOUS RECEIVING TUBES

Fil. | 75 | 1.25 I‘CIuss-A Amplifier

[

20 Triode Power Amplifier : 4-pin S.

F1] |Tetrode R.F. Amplifier I 4-pin M. D

26 Triode Amplifier

40 \Triode Voltage Amplifier

4A6G Twin Triode Amplifier

50 Triode Power Amplifier
_

71-A Triode Power Amplifier
99 Triode Detector Amplifier
112A Triode Detector Amplifier

. l

3900

3 M.~medium; S.—small; O.—octal.

| Mutual

¢ Refer to Fig. 515.

| A | Fil I 1.1 | 0.5 (Cless-A Amplifier
"
Fil. 0,132 |Class-A Amplifier
Fil. | 3.3 | 0.132 [Screen-Grid R.F.
S S 1 _ Amplifier
4-pin M. | Fil. | 1.5 1.05 |Class-A Amplifier
4-pin M., Fil, 50 | 0.25 ;Cluss-A Amplifier '
I_ B 0.06 (Class-A Anmplifier :
.Di L] 3 o bt T b -
8-pin O [ Fb 1785 042  Class-B Amplifier
4-pin M. A Fil, 7.5 | 1.25 |Class-A Amplifier
4-pin M.l A | Fil 5.0 | 0.25 [Class-A Amplifier
4-pin S. A | Fil. 33 _O&B_‘auss-;\ "Amplifier _
4pin M. | A Fil. 5.0 0925 [Class-A Amplifier

90 | — 45 _

lPlute Resist- Conduct- L Power
| ance, Ohms ance Oh‘:‘nce (a;l:aut Type
Micromhos s
1.5 | 30000 666 I 00-A
2.5 11000 785 ———
3.0 10000 800 — 01-A
16.0 5150 1550 0.9 o
18,0 5000 1600 1.6 )
25 | 15500 495 ”
3.0 | 15000 440 | — [112
3.0 8000 | 415 | 0.045 | o4
6.5 i 6300 i 5_25 - 0.110
1.7 | 725000 375 29
3.7 | 325000 500 e
2.9 8900 935 — [— {2
6.2 7300 1150 ] — |
0.2 | 150000 200 | — e
0.2 | 150000 = 200 -
2.2 13300 1500 =
465 | — | — o 4A6G
0 2000 1900 16
0| 1800 2100 34 50
0 1800 2100 46
.0 | 2170 1400 0.125 4, A
0 | 1750 1700 | 0790
5 15500 495 — 9
5400 1575
4700 1800 — | 112A
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t Fil. or Heater Plate . | Screen | Plate . L | Powe
Type Name Base © CS::::C- Cathode| — Use Supply %::: S{:/';ﬁ: | Cu’v::nt Current ":I::: '8;";: co::c":" ?a':t:w Res?s:fnce‘ (P)‘:ltm:t Type
tions ! Volts Amps. Volts | Ma. Mae. ' Micromhos | Ohms Watts
183 Power Triode 4-pin M. A Fil 5.0 1.25 Class-A Amplifier 250 60 = et ] 18000 1800 737.3 ~ 4500 20 183
257  Power Pentode S-pinM. F Fil. | 5.0 030 Class-A Amplifier 110 2115 110 | 7 20 41000 1350 | 55 6000 0.8 957
485 Triode S-pinS. | H Hir. | 3.0 130 Class-A Amplifier 180 | 90 — — | 60 | 9300 1350 125 — = —— 485
864 Triode Amplifier 4pinS. | A | Fil. | 1.1 ] 025 [Class-A Amplifier 50 e == By 612 s
T Class-A Amplifier 250 3 100 0.7 9.0  Exceeds 1400 | Exceeds —— =1
954 Pentode Detector, Special A Htr. | 63  0.15 1 1.5 megohms 2000 954
| Amplifier Bias Detector Qig 6 100 T Plate current to be adjusted to 0.1 ma. with no signal
955 [Triode Detector, Special B | Hi. | 63 0.16 (Class-A Amplifier 10 5 | — | — 4.5 12500 2000 25 | 20000 | 0.135
Amplifier Oscillator 180 35  —— | —— 1 | D.C. Grid Curent App. 1.5 ma. | os %
o Screen Grid RF. 250 3 | 100 1.8 | 55 | 800000 1800 1440 | —  —
9567 |Triple-Grid Variable-u Special A Her, | 6.3 | 015 Amplifier L 956
R.F. Ampiifier [ | Mixer 950 | 10 | 100 | —  — Oscillator peak volts—7 min. _
1609 |Pentode Amplifier | 5-pin S. F Fil. | 1.1 0.25 |Class-A Amplifier 135 2.5 _— — 400000 135 300 | — | 1609
1 Refer to Fig. 514. > |dling current, beth plates.
: M.—medium; S.—small.  Refer to Fig. 515.
Cathode terminal is mid-point of filament; use series connection with 4 volts, paraliel with 2 volts. i Acorn’ type; miniature unbased tubes for ultra-high frequencies. See Fig. 517.
Triodes connected in patallel.
TABLE X —CONTROL AND REGULATOR TUBES
t Fil. or Heater Peak P, ini . . A
Type Name Base ! CS:::eec- Cathode 8 Use A:;de A:;cl;e rgg‘:t?nugm Operating| Operating _Grid VT;;uge Type
tions Volts | Amps. Voltage | Current® | Voltage Yolta3e Current”  Resistor | "pyqy
0A4G Gas Triode 6-pin O. A Cold S— —— |Cold-Cathode Starter-Anode With 105-120-voit a.c. anode supply, peak starter-anode a.c. voltage is 70, 0A4G
i - B Relay Tube peak r.f. voltage 5 |
2A4G | Thyratron 8-pin O. B Fil. 2.5 2.5 |Control Tube 200 100 — — — 15 2A4G
874 Voltage Regulator 4-pin M. C —= —— | —— !Voltage Regulator * J— — 195 90 | 10-50 - —— |'874
E B |Current Regulator Mogul — —_ —_ — — |Current Regulator —_ —_ e 40-60 1.7 — — | 876
A B | | |Sweep Circuit Oscillator 300 300 —_— —_— 2 25000 B
884 |Gas Triode (LIS Hi. | 63 | 06 |Gy Controlled Rectifier 350 | 300 | — — 75 eso00 — | %84
885 Gas Triode gfqirLg; H Htr 2.5 1.4 Same as Type 884 Characteristics same as Type 884 885 :
886 Current Regulator Mogul | — e ——  ——= |Current Regulator _— —_— e — 40-60 2.05 - —— | 886
T(Y_21__— Gas Triode —_ Fil. 2.5 10.0 |Grid-Controlled Rectifier — —_ JE— 3000 | 500 _ —— | Kyvg1
RK62  Gas Triode A Fil. 1.4 0.05 Relay Tube ¢ L 45 15 | — 30-45 | 01-15 —— 15 RK62
'RM208 Permatron —_ Fil. 2.5 5.0 Controlled Rectifier ’ | 7500 1000 | — —_— —_ —_— 15 iRMggg
RM209 Permatron — Fil. 5.0 | 10.0 |Controlled Rectifier - 7500° | 5000 — — — — 15 RM209
-ViQO_ - Voltage Regulator D _ B — —— 'Voltage Regulator —_— 195 90 10-30 —_—— S— VR90
"VR105 - -Voltagegegulatov E —_ —_— e Voitage Begulatov —_ _ 1_31’ 105 . 5—59 —_ —_— v_VR1 05
VR150 |Volitage Regulator E —_— _— —— 'Voltage Regulator —_— = “' " 180 ' 150 | 5-30° _ _— VR150
| M.—Medium; $.—Small; O.—Octal. iFor use as self h tive detector with Sufficient resistance must be used in series with tube to limit

Refer to Fig. 518.
In m

a.
Not less than 1000 ohms per grid voit; 500,000 ohms max.
' For use in series with power transformer primary.

TABLE X —MISCELLANEOUS RECEIVING TUBES — Continued

|

Mutual

high-resistance velay‘(5000—130-66 ohm;) in anc:;e circuit.

current to 30 ma.

"For use as grid-controlled rectifier or with external magnetic
control. RM-208 has characteristics of 866, RM-209 of 872.
> When under control peak inverse rating is reduced to 2500.

1 Refer to Fig. 515.
11 Refer to Fig. 514,



AAHHL- LENAAYS dOVd

| Socket
Type | Name Connec-
! tions
902  |Electrostatic Cathode-Ray | A
903 | Electromagnetic Cathode-Ray B
|
D |
904 Electrostatic-Magnetic Cathode-Ray C
905 |Elec(rosu(ic Cathode-Ray ( D
906  |Electrostatic Cathode-Ray I E
907 F!ecivos(al?c mode-VRa’v B ) ?
908 |§!ec(ros(u(ic Cathode-Ray | E
909 |Electrostatic Cathode-Ray D
910 :gutros(a(ic Cathode-Ray | E
911 |Electrostatic Cathode-Ray |_E
| |
912  |Electrostatic Cathode-Ray | F
913 |Electrostatic Cathode-Ray ! A
7
914  Electrostatic Cathode-Ray I G
1800 |Electromagnetic Kinescope | B
1801  Electromagnetic Kinescope | H
2002 'Eloctvoshlic Cathode-Ray A

!

! Refer to Fig. 519.

2 For current cut-off. Control grid should never be allowed to go

positive,

2 Between Anode No. 2 and any deflecting plate.

4 In mw./sq. cm., max.

TABLE XI—CATHODE-RAY TUBES AND KINESCOPES

; : Deflection
Heater Use Size ?4’::"; ?4’::"1’ C“G"S“ NGO’_IdQ SSI:T:; {:‘;:. Sﬁ";:." Sensitivity ° ,§::,°,§:'_ Pat(en!
Volts Amps. Voltage Voltage Voltage © Voltage Voltage Voltase ' Power D:D:- D D. ence olor
6.3 ( 0.6 | Oscillograph | a4 383 :38 - 80 :: :: 350 5 g;g g% —  Med. Green
! 7000 | 1360 © | es0 —_ | = —_— | —
. ,, 4600 | 900 250 — e el
2.5 2.1 |Oscillograph 9 3000 580 -120 ] 25:0— — S 10 — :,'— Med. Green
1000 | 195 100 — — —_— T
4600 | 970 250 — ) 009 | — |
2.5 2.1 |Oscillograph 57 3000 | 630 —140 100 — | 4000 10 013 | — Med Green
‘ 1000 | 210 100 - - 040 | —
| | 0 | — ——
2.5 2.1 | Oscillograph 5% ;833 ;:g — 60 — — 1000 10 213: -gi: Med Green
1500 475 | 000 —— @ —— T o022 |o023
| ' 1200 | 345 — | 027 | 039
2.5 2.1 LOsciIIosuDh 3" 1:83 ‘ g:g | ~ 70 — . ‘ 600 10 ! 8313 ~0‘.4—3 Med Green
600 170 ; —_ - | 0.55 @ 0.58
| 400 | 198 | — | 0.31 087
2.5 | 2.4 |Oscillograph 5 Epauc(evislics same as Type 905 —_—— —_ Short " Blue
2.5 { 2.1 |Oscillograph 37 Characteristics same as Type 906 —— | —— | Short | Blue
2.5 2.1 |Oscillograph 5% ) Characteristics same as Type 905 —— | —— | Long | Blue
2.5 2.1 |Oscillograph 37 Characteristics same as Type 906 —_— —— | Long ‘Blue
2.5 2.1 Oscillograph 37 B Characteristics same as Type 906 ° —_— —_— "Med. | Green
| 15000 | 3000 | 250 0.028 | 6.034 '
2.5 2.1 Oscillograph | 57 10000 2000 | —125 250 —_— 7000 10 0.041 | 0.051 Med Green
l - | 5000 | 1000 | | e50 —_— | o083 o102
| . m 500 100 | —— — 0.07 0.10
6.3 0.6 Oscillograph 1 250 _% ] -ﬁ L — — 250 5 015 091 Med Green
7000 1500 250 = ) 0.073 | 0093
25 | 21 |Osillograph 9” 5000 915 = —1g25 250 — 3000 10 0.102 | 0.130 = Med. | Green
9500 | 460 | | 950 — | 0.204 | 0.260
| 6000 | 1250 250 25 — == I f—
2.5 | 2.1 |Television 9 | 4500 | 925 |1 250 95— 10 | — | = | Med. | Yellow
o ; 00 695 | %0 %0 ——  —
| J— = — ==
925 | 21 [Television : 5+ | 3900|332 |- = B = 10 T T Med | Yellow
‘ ; 600 | 120 | - | —— |06 047 i
6.3 I 0.6 | Oscillograph 2 500 100 | — |0.18 | 0.20 Med. Green
| © 400 80 — 024 026

903

904

906

907

908

910
911

912

2002

4 disti

“In mm. volt d.c.
¢ Long i screen is
by bluish-white tinge.

“ The 911 is identical to 906 except for the gun material, which is de-
signed to be especially free from magnetization effects.

ished from short-persistence screen



Tgig’ Name Base * CS;::::-
‘ | { tions !
0OZ4 | Full-Wave Rectifier ' 6-p|n 0 W
_O_Z:G Fu|| Wave Rectifier | 6-pin 0 -W—‘ -
?I'A——| Full Wave Rectifier -5 ;;I O U*_
5U4G Full- Wave Rectifier 8 pln 0. - (VA
5V4G \ kull Wave Rectifier 8-p|n 0 Al
SW4 | Full-Wave Rectifier | 5-pin O.| A‘
5X4G | Full-Wave Rectifier | 8.pin O.| P¢
5Y3G Full Wave Recllﬁev S-En 0. _A*
5Y4G Full Wave Rechﬁev ' S-pin 0. 1 P+
52 I Full Wave Rectifier | 4-pin M. | B
524 Full Wave Rectifier® | 5 -pin 0. At
6V75G—| Fu|| Wave Rectifier 6-pm O.vl Q+
6XSG l Full-Wave Rectifier l 6-pin O. l Q*
6ZY5G | Full-Wave Rectifier | 6-pin O. o.‘ a:
1223 4' Halt-Wave Rectifier | 4-pin S. R
2525 | Rectifier-Doubler | 6-pin S. \ E
%g%gG l Rectifier-Doubler l 1-pin O. R¢
—1" I Halixv;ve Rectiav 4-pin S. R
‘ 1-Vs \ Half-Wave Rectifier 4-pin S. |——R_—
80 Full-Wave Rectifier : 4-pin M. |
81 ]7Ha"fw;ve Recgf;v 4-pin M. |_ C
» 827 T Full-Wave Rectifier | 4-pin M. [ B—
783* | Full- VVave Re'tiﬁe_v_ ;-pinﬂM. ‘l B_
-;3-\—’_- Full- V;a;ei Rechﬁev | L-pln M. | B )
Si 627' VFuII-Wave Rectifier | 5-pin S | S
7Ri<;6 i " Full-Wave Rectifier [ 4-pin M. IL—,B,L_
RK19 | Full-Wave Rectifier | 4-pin M. | B:
;??21__[ Half-Wave iectiﬁev w 4-pin M; i_- AS
’ RE; 71 Full-Wave Rectifier 4-pin M. l -;“——
_8.376 —, Hal’ Wave Rechﬁev 4-pin M. I-;_
_8;_‘: T I. Hal’-Wave Rectifier | 4-pin M. { N 39-7
866-A Halt-Wave Rectifier | 4-pin M, Al
866B Halt-Wave Rectifier | 4-pin M. iV A“_
866)r. | Hall-Wave Rectifier [4pinm.| €
871 VHAI’ Wave Rechﬁev 4-pin M, I A
gIg ) Hall-Wave Rectifier | 4-pin M. —7”-7
379 no Half-Wave Rectifier | 4-pin S. A
872 ’ Half-Wave Rectifier | 4-pin J. N ;“7 -
8792-A Hal’-Wav;?e;t;ﬁev 4-pin J. ps

1 Refer to Flg 514 excef( as noted otherwise.
2 M, —medium; S.—small

3 Metal tube series.

4 Refer to Fig, 518.

5 Types 1 and 1-V interchangeable.

Cathode|

Cold
Cold
Fil.
Fil.
Hir.
Fil.

Fil.
Fil.
| Fa.
| Fil.

|
| Htr.

Htr.

|
],
|

lHu.’

Htr. ‘
l Htr. |

Htr.

O.—small octal; J.~jumbo.

TABLE XIl —RECTIFIERS —RECEIVING AND TRANSMITTING

-

8 Re’ev to Fig. 518.

9 Per pair with choke input.

10 Condenser input.

11 For use with ca*hode-ray tubes.

PAGE SEVENTY-FOUR

: Fil. or Heater Xaé Macx. I:A::s.e M:;i‘ ‘
. Voltage 8.".:.:: CT:::-: Trpe!
Volts | Amps. ‘Pev Plate Volta age
— | — a0 |05 1350 | %00 | G
Characteristics same- as Type OZ4 G
‘ 50 | 3.0 450 | 950 | 1250 | 800 | V
750 30 Same as Type 523 ‘ v
5.0 i 2.0 _l Same as Type 83V \
'I_E.—o“ 15 | 350 | 110 [ 1000 | — | Vv
—5.0_ ) '3T - Same as 523 I v
-_5.0 - ;0 _l ._S;meas'l'ypego-—-‘ v
| s.0 7 I' 2.6 i Same as Type 80 ‘ v
| 50 | 30 | 500 | 350 1400 | —
50 | 20 400 | 125 | 1100
| 63 | 09 350 | 100 1250
‘63:05 3so|75!—|
63 | 03 —’-_§o~ 35 | 1000
126 | 03 950 | 60 | 1700
950 | 0.3 195 | 100  — | 500 @V
950 | 03 | 195 l 100 l——
| 3 V?A.a—‘ :_3_5011 5o_f 1000
63 | 03 | 350 50 | —
oo [0 | BB [—|—] v
‘ 5508 | 135 | [
IA15__|—1—E_ " 700 l 85 | — | — | v
95 | 30 | 500 | 125 | 1400 | 400 | M
\ 50 | ici__i—so—ot__s_zsoﬁl_ 1400 | 800 M
| s0 | 20 | 400 | 200 | 1100 — v
| 63| 05 =t__—35o— 60 | 1000 }—_l v
(s |3 | om0 | 20 o120 | — |V
15 | 25 | 1950 ~200| 35991 600 | V
| 25 | 40 | 1250 | 2001 Eoo-“aw_g v
2.5 80 | 1950 | 200%| 3500 | 600 | V
|75 |50 | — | — |'so00 1000  V
95 | 5.0 | — | 2501 7500 (1000 | M
95 | 50 | —— | 250110000 | 1000 | M
I 50 [ 50 | — | — _'as—oo'I 1000 | M
) zsﬁl 5 | 1250 | 950° | M
1 2.5 ] 2.0 " 1750 | 250 'sooo, 500 | M
|25 | so | 700 | s lg0000 | — | Vv
[ es ‘ 175 9650 | 15 7500 | 100 | V
| 50 | 100 | — ‘ —— | 7500 (5000 @ M
|50 100 | — ‘l— 10000 5000 | M
L] Wlth |nput choke of at least 20 henvys
ury-vapor type; V.—high. type.
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=
| Max. | Cathode

Interelectrode

| Plate [ . ax. | Meax. DSC’::;I |Copacitances (uufd.) Base * cSockot ! SR ——
Al e o ; o n
T Dtz Vol it O e Gua | BT QIS Tl Opute
‘ Wotts | Volts| Amps. ] Watts | to to to
[ ) I | Fil.  Plate | Fil.
1610 6 | 25 135 400 200 2 8.6 1.2 | 13 [5-pinM. F° |Class-C Amp.-Oscillator
N ——'i | | - o |Clars-C Amp. (Telesraphy)
RK56 8 | 63 055 300 300 45 10 02 | 9.0 SpinM. H ‘g"l‘;&;'zl‘:lg':::‘:‘{:’
) Class-B Amp. (Telephony)
__ T - |Class-C Amp. (Telegraphy)
| |Grid-Modulated Amplifier
8092 10 6.3 09 500 250 6 12 | 0.15 8.5 7-pin M.|. G  Suppressor-Mod. Amp.
| | | | { Class-B Amp. (Telephony)
Class-C Amp. (Telephony)
T ;5 2.0 - - Class-C Amp, (Telegraphy)
gsgg . ) | | ‘ Class-C Amp. (Telephony)
RK258 10 6.3/ 0.9 500 250 8 10 | 0.2 10  7-pin M.| G  Suppressor-Modulated Amp.
RK45 19.6 0.45 | |Grid-Modulated Amplifier
: : Class-B Amp. (Telephony)
- T T T Class-C Amp. (Telegraphy)
837 l ‘ Class-C Amp. (Telephony)
RK44 12 | 126/ 0.7 500 300 8 16 0.2 10 7-pin M., G Suppressor-Modulated Amp.
l | | | | |Grid-Modulated Amplifier
o ~ - B Class-B Amp. (Telephony)
{ | | Class-C Amp. (Telegraphy)
844 | 15 2.5 25 500 180 3 9.5 0.15 7.5 S-pin M. H Class-C Amp. (Telephony)
(S - — | — — | | |Class-B Amp. (}olephony)
| . 'Class-C Amp. (Telegraphy)
074 | 15 | 55 10 500 250 | 6 15 055 12 spinM. ) (Suppressor-Modulated Amp,
- ) Class-C Amp. (Telesuphy)
83¢2 15 6.3 0.8 400 250 S 7.5 0.05 3.8 'Special T Class-C Amp. (Telephony)
- - — S (S U _Grid-r_Aodulated Amplifier
| | | | ! | . Class-C Amp. (Telegraphy)
HY60 15 | 63 05 45| 200 | 25 11 019 | 10.2 5-pin M. H ClossC Amp. (Telophony)
| | ( | | | | - |Class-C Amp. (Telegraphy)
865 [ 15 i 7.5’ 2.0 750 | 175 ’ 3 8.5 0.1 [ 8.0 4.pin M. | Class-C Amp. (Telephony)
o __‘ R R B __,'___ || |Class-B Amp. (Telephony)
254A |90 | 5.0/ 3.25| 750 175 | 5 4.6 0.1 9.4 4-pin M. 1 |Class-C Amplifier
| | |Class-C Amp. (Telegraphy)
| | - !
RK49 | 91 | 63 09 400 | 300 | 35 115 14| 106 pin M. M Cless-C Amp. (Telephony)

|Grid-Modulated Amplifier
|Class-B Amp. (Telephony)

|

| Plate = Screen

Voltage' Voltage

| |
400 | 150
300 | 300
250 | 200
300 |~ 300
300 | 300
500 950
500 200
500 200
500 | 200
400 200
500 | 200
400 150
500 | 200
500 @ 200
500 |~ 250
500 |~ 200
400 | 140
500 | ——
500 200
500 & 200
500 175
500 150
500 | 180
500 250
500 200
400 250
325 210
400 250
425 900
325 200
750 | 195
500 195
750 | 125
750 175
400 250
306 200
400 250
400 | 250

Sup:
pressor
Voltage

Qf

(=]

'S
(=]

ol

w
ol

LRI EL

|

i

TABLE Xill—TETRODE AND PENTODE TRANSMITTING TUBES

Approx. A:mn:m.l

. | Plate | Screen Grid Screen ¢ Grid rrier
Grid |Cyrrent Current Current Resistor Driving  Output  Type
Voltage "y, | Ma. a. hms | Power | Power
| Walts | Wotts
— 50 9225 70 1.5
- 40 62 |12 | 16
— 40 50 10 | 16 |
— 60 97| 40 20
— 38 30 | 45 4.0
—100 45 |12 90
~130 95 | 80 10
90 22 (28 45
28 95 (70 —
40 35 (17 15
-9 55 |38 | 40
- 90| 43 (30 | 6.0
90 | 31 39 | 40
125 | 34 |90 | 40
® w0 (e —
~ 75 60 |15 | 4.0 | 20000
- 40 45 |20 | 5.0 |
%0 30 (793 735
— 43 30| 600
95|30 12 |0
195 95 — 50
100 20 —  —
40 90 — —
35 60 13 | 1.4
-35 40 20 1.5
60 90 18 03
50 68 15 1.2
60| 55 60 0
62.5 55 70 25
45| 45 | 85 20
- 80| 40 — 55
—120 40 —— 9.0
30| 22 — 3.0
- 9% 6 — —
— 5| 95 80 30 — | 02 95
45 60 15 50 6700 034 1%
~ 40 55 40 05 — 045 1.0 "[RK4?
30 52 50 01 — | 05 7.0
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Type

|
RK41
RK39

807
HY61

954B

RK20
RK20A
RK46

804

Max. Cathode
Plate

DISSIDI-

Max.
Plate
Voltage Voltage,

Max.

tion
Walts Volts| Amps. |

Watts

Interelectrode

to
Plate

Grid | Grid | Plate
to
Fil.

AS'::::;‘ |Capacitances (uufd.)

Screen |Dissipa-

to
Fil. ]

|
Socket

| Base® |Connec-

Typical Operation

tions !

2.5 2.4
6.3 09

600 300

25 6.3 09 600 = 300 3.5

95 750 150 |

40 1250 300

0
Ot

40 1.5

10 3.925

3.25/ 1250 | 300

3.1 | 1000

3.0 | 1000

3.25 1250

200

250 5

10 175 10

[
50 | 2000 400 | 35

~ 5.0

1

11.2 |0.085

0.2

l 0.2

0.12

|

10.5 0.14 |

12.2 0.2

10

5-pin M.

1.0 5-p|n M.

5.4 4-pm M.

|
| 15 l14 lom 12 |5-pinM.

14.5 5-pm M.

135 SpmM

10

5.4 4-pin M.

68

15

5-pin M,

-pin M.

5-pin J.

Class-C Amp. (Telemphv)
H Class-C Amp. (Telephony) .
|Grid-Modulated Amplifier
|Class-B Amp. (Telephony)
IClass-C Amp. (Telegraphy)
|Class-C Amp. (Telephony) |
Class-B Amp. (Telephony)
"|Class-C Amplifier
Class-C Amp. (Telegraphy) |
Class-C Amp. (Telephony)
Suppressor-Modulated Amp. {
|Grid-Modulated Amp.
|Class-B Amp. (Telephory) |
|Class-A Amp. (Telegraphy)
Class-A Amp. (Telephony)
Suppressor-Modulated Amp. |
Grid-Modulated Amp. i
|Class-B Amp. (Telephony) |
" [Class-C Amp. (Telegraphy)
Class-C Amp. (Telephony)
Gvid-Modulated Amplifier |
|Class-B Amp. (Telephony)
|Class-C Amp. (Telegraphy) |
|Class-C Amp. (Telephony)
|Gud -Modulated Amplifier
|Class-B Amp. (Telephony)
" |Class-C Amp. (Telegraphy)
|Class-C Amp. (Telephony)

) |CIass-B Amp. (Telephony)
t Class-C Amphﬁev
[Class-C . Amp (Telegvaphy)
‘Clasg-C Amp, (Telephony)
|Grid-Modulated Amplifier
|Ctass-B Amp. (Telephony)
|Class-C Amp. (Teleguphy)
Slass-C Amp. (Te_lep!\ony)
|Suppressor-Modulated Amp.
Grid-Modulated Amplifier |

H

J

J

]

J

A

o]

L

Plate

475
600
750

| 19250

1000

1250 |

1250

1250

1250

1000

1250

1250

1250

1950

1000

1250

1950

1250
900 |

1250

1250 |

1000 |
800

1000 |
1000

“1950 |
1000
1250
2000
1500
2000
2000
2000

TABLE XIlIIl—TETRODE AND PENTODE TRANSMITTING TUBES — Continued

Sup-
Screen | proscor

Voltage Voltage Voltage Voltage

300
250
300
300
250
295 |
250
150
300
300
300
300

|45
|
|
300 |
|
x

_9

300
220

300
300
300
‘303 |
200
" 200
300 |
250
300 |
300
N 209_{
20
200
9250
175
140
175
400
400
400

45
45
0 — 45
400 |~ 45
400 [

Approx. | Approx.

Plate Screen Grid (Screen ® Grid rier
Grid | Current Current|Current Resnstov Driving Output | Type
Ma.  Ma.  Ma, Power Power
l ' ] l! Watts | Watts |
—9 93 10 30 | — [ 038 36 |
~so 85 90 25 |25000 02 | %6 |RK41
—70 60| 30| 02 | — | 05412 |pk3o
- 25 63 | 40| 90 | — 04 | 125
= 1oo 9.0 | 3.0 | 39000 O.22 375 |
- soI 83 | 90| 20 25000 013 24 |307
— 95 626 30. 0o | — oz 125 |
[—135| 75 | — [ — | — — |30 |s548
~100 | 92 36 (115 — | 16 | &4
—100| 75 |30 |10 23009 13 | 52 |pkeo
—100 | 48 | 44 (115 | — | 1.5 21 |RK20A
142 40| 70|18  — | 1.5 g0 [RK46
~ 30| 43 (15 |=——| — | 05 16
100 92 | 27 | 7.0 | 14300 055 80 |
-9 15 o 6.0 | 37000 065 50
100 48 | 355 | 7.0 | 27000 0.85 21 (804
15| 45 |11 | 20 | — ‘ 0.85 21
- 20 45 (11| 10 [— | o095 16
— 80| 144 | 225 (10 | — | 1.5 |130
150 [ 120 | 17.5 |10 | 40000 2.0 87 ...
100 | 60 | 14| 28  — | 23 99 |
28 60 | 1.0 1.8 | — | 065 95 |
-~ 70| 138 |14 | 70 | —— | 10 120
120 | 90 | 93 7.5 28000 1.2 | 55
135 60 | 90 1.6 —— | 1.43 985 <47
30 60| 20 09 — 40 |95
-200 | 195 | — | — —  —— 85
—970 | 185  — —— —— —— 70 [305A
135 | 90 | — | — | — [ —— |30 |
150 100 —_— — — | —— |60 |282A
—150 m——: 35 — 10 130
—100 195 —— 40 = —— 10 65 850
— 13 110 | — — | —— | — 40
—100 150 55 13  —— 2.0 210
—100 135 52 (13 | 21000 2.0 [155 RK98
—100 85 65 13 — 1.8 60
140 80 2 40 —— 35 75 KBA
= 38 75 36 — — 09 | 50
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TABLE X(ll—TETRODE AND PENTODE TRANSMITIING TUBES — Conemued

lnterelectrodt [

| Max. | Cathod | Max. | |Approx.; Approx.
Pl:h [ -ohece Mox. | Max. | Screen Capacitances (uufd.) IcSod:et o | Plate  Screen Sup- j Grid cPlato cScreenchud SR:men‘ 1 DGnd !éamevrl
T Di - Plat Screen |Dissipa-| P Base © |Connec- YR peration ssOr urrent| Current; Cwerent| Resistor! Driving utput. Tvpe
yYpe lSSlDl Volat:selVoltas"ei t"g:‘ Grld Grid | Plate tions © | Voltage Voltage Voltase Voltage "Ma | Ma. | Mas | Ohms: | Power Power
Walts Volts Amps.| Walts [ to | to | 1 | { | | Woatts | Watts:
Fll | Plate | Fil. | ’ ' ‘ ‘
| - '| | , ' | Class-C Ammp. (Telegraphy): | 000 | 400 { —— | — 90 | 180 | 15 '!_}.—oﬂlmmoo_ 05 |20 |
! [ ) Class.C Amp. (Telephony). | 1600 | 400 | —— | —130 | 150 | 20 | 6.0.| 21600 1.2 (175
813 | 100 10 50 2000 400 92 163 0.2 14 Twint U Lol CUE St 2000 | 400 | — | —120| 75 30 —— | —— | — | 55 813
' | [ | | | | N Class-B Amp. (Telephony) | 2000 | 400 | — [ — 75| 75 | 30 — — "'— |"s0 |
— — — = | Class-C Amp. (Telegraphy). | 2000 | 400 | — | 100 180 | 40 | 65 ~— | 1.0 (950 |
| le _s Class-C Amp. (Telephony) | 1500 400 —_— —100 | 148 | 50 6.5 22000, 1.0 165.
RIS 1100 110 | 3012000 | 400 22 A7 1043 |13 3pind | L7 Grid Madutated Amplifier | 1500 | 400 | —— | —145 | 77 10 | 15 | — | 16 | 4o [R4s
| . B { Clase8 Amp. (Teleoheny) | 2000 | 400  —— | — 35| 76 | 6.0 | 035 —— | 092 | 60 |
I | l |Class-C Amp. (Telearaphy) 2000 | 500 40| -9 160 |45 |12 | — | 20 |2t0 |
| | | |Class-C Amp. (Telephony) 1600 500 100, — 80, 150 20 4.0 2009_0 40 |155 |
803 125 10 5.0 2000 600 30 115015 5-pin J. L 'Suporessm-M.odylnted Amp. 2000 — 110 | —100 80 | 48 15 35000| 9.5 53 803
‘ ‘ Grid-Modulsted Amolifier = 2000 600 40| 80 80 2 40 — | 20 | 53
Class-B Amp. (Telephony) 2000 600 40  — 40 80 | 20 3.0 — 1 5 53
— | | } A Class-C Amp. (Telesraphy) | 3500 500 | —— | —250 300 40 (40 —— 30 700
861 | 400 |11 (10 | 3500 150 35 I 14,5 | 0.1 10.5 Special S Class-C Amp. (Telephony) 3000 375 —_— —200 200 — 5% 70000’ 35 400 861
‘ ‘ I I | ClassB Amp. (Telephony) 3500 500 | —— | — 60 | 150  —— | 40 | —— | 15 3715
20. Refer to Fig. 514,
'::.‘e—’-'l:eﬁ?u; J. —jumbo. ®In plate-and-screen modulated Class-C amplifiers, ct screen dr -3
Plate, snd and screen connectlons brought out thvoush bulb. resistor direct to plate and by-pass for r.f. only.
T plates — t to ground.
TABLE XIV —TRIODE TRANSMITTING TUBES
Max Cathode | Max, C 7'"'%"’""?:’,5 ) ‘ Approx. :prox.
Plate Max, | ?’Alntx | D.C. Am s 8 cSocket . e Plate | Grid Plate g"cd DGrid Irowkr énnier .
fegio g —— ate — R f : o
Type | Dime=| Voltage| Cuttent | Coren Factor Gid Grid Plawe| * GRoqre  Tyeiesl Opention Voltase Valase W1 | Curent B0L0S uiput | Power 1
Its | Amps. R to 1o 3. | Watt L Walt:
Wats | Volts | Ames i | Me || Fil. | Plate | Fil. | ‘ . | Vet ’ [
RKZ4 | 1.5 20 | 012 180 "~ 90 60 80 35 | 55 30 4pinS. C ,ClnssCAmD-Osclllator 180 45 165 | 60 |T05 | — |20 RK24
RK33 | 25 | 63 | 06 | 250 20 60 (105 3-2° 3-27 25 TwoinS. V  |Class-C Amp.Oscillstor | 950  — 60 20 | 60 | 054 — |35 RK33
HY615* 5.0 : 6.3 | 0.15 250 | 20 | 4.0 ‘ 20 1.1'1—.3| 2.6 5-pin ?_-'”Nfz:g'mmp -Oscillator ’_E? t?i_ 20 4.0 ) ) —_— 2.5 lHY615
RK34 10° 63 | 08 | 300 80 | 20 (13 42 27 08 T-pinM.| T° |Class-C Amp.-Oscillator 300 -3 80 %0 | 1.8 | — | 16 'RK34 -
| | | t ! . | |Class- C‘imp_(_l'olnuphy) | 400 | —112 | 45 10 | 15 [ — 10
205D 14| 45 16 | 400 SO I i 7'3; 32 48| 33 [4pinM.| € (5} sC Amp. (Telephony) 350 | 144 |35 |10 | 1.7 | 98.4 _leoso
i | | 1 | | P Class-C Amp. (Telegraphy) | 450 | —140 | 30 5.0 10 | — 15 |
843 15 | 25 | 2.5 450 ! 40 [ 1.5 ‘ 7.7- _"9_. 4.5 —4.? ISLM D |Class-C Amp. (Telephony) | 350 | 150 ~30 70 1.6 0 5.0 843
RKS9 5 | 63| 10 | 500 907 —— |25 50 90 10 4pinM. W [Clau-CAmp-Oucillstr | 500 | = 60 90° 14 | 13 | — |32 [rKs9
_ B — - RN U S S
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TABLE XIV — TRIODE TRANSMITTING TUBES — Continued

| =
Max, Cathode | M lnteuloctvode ‘

| |

ax. Applox ‘ Approx.
Plate | Max Max. | pc’ l |Cepaclunces (uufd. )l Socket | Plate DC Grid :“k | Carrier |
Type | Dissips-| | Ploh Plate | Grig mp. -~ Bsse * | Connec- Typical Operation Plate | Grid | Cyrent | Grid | Driving | Power | Gutput | Type
tion I Voits | A | Voltage c“"‘"' Current F“'°’ Grid | G"d P'“‘ tions ! Voltage Voltage ~“M,, C"M"Q"' Power | “Weks Power
t | a. | 5 a
\ Y ) " | Me | | Fic;. Ple!e F|I | ‘ ’ ‘ | lWeﬂs | Watts |
o T t Class-C Amp, (Telesraphy) | 450 | —115 | 55 | 15 | 33 | — | 13
| | | . | Clas p. graphy’ | 55 33 | |13 |
1602 ! 15 | 15 | 195 450 I 15 | 8.0 40 0 70] 30 pinM | € e (Telephomy) | 350 | —135 | 45|15 | 35 | w0 1602
T . |~ T | , | Class-C Amp (Telesuphv) 450 | — 34 50 | 15 | 1.8 | — | 15 |
st I_ E _ .1.5_ | - 115 | 4_50_ ’ _ 63_! © f:f)— :'?“ 70 l_3i-f-_pm M. i ¢ |Class-C Amp. (Telephony) _l 350 | — 47 ‘—_SOA ]_il 20 | _74_-__4_«471;1311_ -
10 | | [ I | | I Class-C Amp. (Tel_esuphv) ) 450 | —100 65 15 | 3.2 = _19 l10
RK10 15| 75| 195| 450 | 65 | 15 ‘ 8.0 3.0 | 8.0 | 40 4pinM.| C [ClesC Amp. (Telephony) 350 | 100 50 T 12 | 22 | 48| 12 |gkio
I I S R |‘_ . I— - | Grid-Modulated Amp . _453 | —170 [— 49 1.0 | 24 24 | 60
| | | | , |Class-C Osciflator © | 110 [ — | 80 8.0 _ | — 35
ik A i Wl ot NS 2 57 TN T = [RK100
| X | Class-C Amp. (Telesuphv) o495 | — 90 | 20 30 | — | 271
ol Ml Wl il | Mol I W 3_5_| 90_'»3_0_, i M', € |Class-C Amp. (Telephony) l 350 — 80 | 85 | Te0 |30 72 | 18 [teos
‘ | o Class-C Amp. (Telegraphy) —150| 65 | 15 40 | — | 95
310 | i) ) 7.5 1.925 | 690_ 70 [ 15 80' 7470_ 70| 22 4-p|n M —C_— i Class- S Amp. (_Telephonv) “’ - 500 | —190 55 ‘——‘) 1_§ ] |310
| | | | | . | Class-C Amp. (Telegraphy) | 600 | —150 65 25
L ‘ (20 7S50 195 600 70 15 1 B0 45 60 [ 15 [4pinM.[ C Ig10.C Amp. (Telephony) | 500 | —190 | 55 \ 1g (2!
T20 | 2 | 15 135 750 | 75 | 95 Ik go |—| 40 | — 4pin M. | F|ClawC Amplifer | 7750 \ =100~ 75 | |- 42 [Te0
TZe0 | 90 | 15  1.35| 750 | 75 | 85 40— |4pinM.| F_|Class-C Amplifier _ 750 | — | 75 ] t 42 (130
| ) e T ~ | Class-C Amp. (Telegraphy) | 1750 | — 60 | 100 _' 55
809 | 95 | 6i 2.5 <| 750 | 100 ‘- :2—1 50 | 57| 67 | 0.9 \4-pm M. F Closs-C Amp. (Teloghony) | 600 | 160 | 83 ' 3 |so9
| f | ' Class-C Amp. (Telegraphy) | 750 | —120 ‘10_5” 1 , A
RK11 ; 25 , 63 | 3.0 ’ 750 | 105 | 35 [20 | 70| 7.0 | 09 |4pinM.| F [Class-C Amp. (Telephony) | 600 | —120 | 85 | 94 | 37 | 152 | 38 [RKN
| | Grid-Modulated Amp ~ 750 | -1 30 | 38 48 12
| f | -I Iy | | N P D T | Class-C Amp. (Telegraphy) " 750 | _—100 | 105 | 35 | s. — 55 »
R | %8 | 63 ) 30 ) 780 | 105 | 4 |—] 707009 AeinM.| F |Clan.C Amp. (Telephony) | 600 | —100 85 8 g |3 [RK12
HK24 | 95 | 63 | 30 1500 75 — 95 —— —— —— 4pinM. F __|Class-C Amplifier C|as00 T— 715 “— | 815 |HK24
. | ' e | | |7 |Class-C Amp. (Telegraphy) | 450 —— |~ 80 — 75 |
316A i | 32 ] ifs l 450 | 12 | 6.5 1_3 1.6 ’?? 'Vf:lone “—. —_— . Cless-s Amp. (Telephonv)v -- 400 B -7 80 . 6.5 |1316A
UH35° | 35 | 50 40 | 1500 | 150 | —— 30 | 1.9 | 1.6 |—  4-pinM. E  |Class.C Amplifier | 1500 | —— | 150 — | — |uH3s
mee |35 60 40 | 1500 | 85 | — 31 | 19 g.o_i— 4-pin M. | X |Class-C Amplifier | 1500 | — | 85 — | — T
| | l - Class-C Amp. (Telegraphy) | 1250 | —175 | 70 l — 65
800 | 35 1.5 | 3.25 | 1250 | 80 25 15 2.75| 2.5 | 2 75| 4-pin M. | E Class-C . Amp. (Telephonv)_ 1000 | —200 o 70 00 50 800
Class-B Amp. (Telephony) 1000 | — 55 42 6 14
| e — = —_— — — — —_— - —_—
I ‘ | I | ’ | Class-C Amp. (Telesuphy) | 1250 —18_0» 90 52 | — 7¥85 B
Class-C Amp. (Telephony) | 1000 | 200 | 80 ) 4. 0 60
RK30 35 1.5 3.25 | 1250 25 15 ’ 2.75 2.5 | 2.75| 4-pin M. Grid-Modulated Amp. __ 'V 12?9' 7—3‘—0 ) ‘ 15 -——-_2- 18 V|RK30
| | - | I ___I Class-B Amp. (Telephony) ‘_ 72 | 18
825 40 75 20 | 850 : 1719 9 | 80 30 70 27 _M_ TTC | Class-C Amplifier . - — | — 895
756 40 1.5 2.0 850 110 20 25 3.5 8.0 | 2.7 4-pin M. e ,Cl-ss C Amplifier —_— —_— 756
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TABLE XV — TRIODE TRANSMITTING TUBES—Contmuea’

| T In!erelectvode |
‘ ?’Al:txe. Cathode l Max. | m"" 'gacx |A iCapacnhnces (uutd. )l Socket | Plat Grid Plate gcd IA%‘::SX PP“k %25:2:
o= — ate d p. — 2 . i i ate ri ri ower
Type I D:::::‘ | V'Z:I.!:se‘ Cunent C?v’vlent |Fac!ov Grid Grld Plate LI c.fg,'.':f Typical Operation Vo|hge. Voltage! Cunent Current | ?:’cl,z,':,s I Output ?::,‘:‘,‘ Type
Watts | Volts  Amps. a. ! F'Il | PI.“ | F|I 3. | Watts © | Watts  watts ‘
) IV | —i | |Class-C Amp. (Telegraphy) 1000 | — 80 115 15 | 50 | — 86 |
. I | — | 45 | — | 4-pin M. S B P . L /B s -
LA | | T e U I — 3| Apin M. F  |Class-C Amp. (Telephony) B 0 ki
— | D | ] Class-C Amp. (Telegraphy) | 1000 | — 40 | 115 | 15 50 | — 86 |
TZ40 40 75 | 25 1000 | 115 35 |62 | = 4pin M. F T Amp. (Telephony) i 1000 | — 60| 115 | 22 | 15 |~ 346 ge 1240
N | I | - Class-C Amp. (lelesuphv) 1000 | — 90 115 20 5.0 —_— 86
| . o
HY40 _40 . 1.5» ‘9.25 A102 115 l 25 _ 25 7 5.8» 63 | 18 [4pinM.| F o Amp. (lelephony) 850 | 90| % T S ) g HY40
Y ’ A |Class-C Amp. (Telegraphy) | 800 | — 45| 100 15 | 2.0 60
HYS7 B 40 6.3 2.95 ,:oo- 110 ' 95 |50 | 49 | 51 | 1.7 |4pinM.| F |5 "o Amp. (Telephony) | 700 | — 45 ! % 550 200 5o [HYST
|~ T Class-C Amp. (Telesuphv) 1250 | —160 100 12 2.8 —_— 95
RK18 40 75 | 3.0 | 1250 | 100 40 [18 | 60| 48| 1.8 |[4pinM.| F  |Class-C Amp. (Telephony) | 1000 | —160 ! 80 | 13 | 31 256 64 |RK18
a N I R 7 Grid-Modulated Amp, | 1250 | 140 3 | 05 | 3.8 72 18
) . N Class-C Amp. (Telegraphy) | 1250 80| 100 | 30 @ 3.9 J— 90
RK31 40 75 | 30 | 1250 I 100 35 |— | 10 |10 20 |4pin M. [ F (0 "C Amp. (Telephony) | 1000 | — g0 | 100 | 98 | 35 S50 70 |RK31
e . i |Class-C Amplifer | 750 | 180 | 110 18 10  — 55 |
830 40 | 10 2.15 __1507 110 18 80| 49 | 99| 2.2 |4-pinM.| C Grid-Modulated Amp. 30 200 | 50 | oT0 50 & 15 (830
o . Class-C Amp. (Telegraphy) 2000 269 | 130 20 9.0 —_— 210 |
HKS4 50 5.0 5.0— 2000 150- 30 |97 :97 19 »g..z_ 4pinM.| E [o o Amp. (Telephony) | 1300 _1:0' 13 | 70 | e2a 156 HKS4
- Class-C Amp. (Telegraphy) | 1500 | —590 | 167 | 20 | 15 — | 200 |
. Class-C A_mp_(T_elephonv) 1250 2460 ' 170 20 19 648 | 162 (
HK154 50 5.0 | 65 [ 1500 | 175 30 67 43| 59 | 1.1 [4pinM.| E |5 Modulated Amp. | 1500 40| 59 | — | 50 119 | g |HK154
B N N B Class-B Amp. (Telephony) | 1500 | —265 | 52 | — | 5.0 19 28 |
UHS51 * 50 5.0 | 65 ([ 2000 175 — | 106 2.2 | 2.3 —— | 4-pin M. E Class-C Ampllﬁev 2000 — 175 i — —_ — |UHS1
- T Class-C Amp. (Telegraphy) | 1250 | —w95| 90 | 1 45 | — 75 T
834 * 50 7.5 | 3.25 | 1250 | 100 20 [105] 22 | 26 | 0.6 | 4-pinM.| E  |Class-C Amp. (Telephony) 1000 310 90 | 1715 | 65 232 58 (834
- Class-B Amp. (Telephon!)__ 1250 115 I_ 50 1 0o | 3.0 80 90
Class-C Amp. (Telegraphy) 1250 -225 | 100 14 4.8 _ 90
RK39* 50 7.5 | 3.5 ’ 1950 | 100 | 95 |11 | 25| 3.4 | 07 |4-pinM.| E  [Class-C Amp. (Telephony) | 1000 | —310 | 100 91 87 280 | 70 |RK3%2
B [ Class-B Amp. (Telephony) 1250 | 120 | 50 — | 25 84 21
Class-C Amp. (Telegraphy) | 1250 120 100 — | — | — 85
1 | e SEp— - -
304A 50 7.5 | 3.95 | 1250 | 100 20 l 1 2.0 | 25 | 0.7 |4pinM.| E Class-C Amp. (Telephony) | 1000 | 180 [ 100 | — = 65 [304A
[ . o Class-B Amp (Telcphonv) 1250 | - 110 50 | el | — | 84 N
( [ Class-C Amp. (Telegraphy) | 1250 900 | 100 === 85 |
3048 50 75 | 3.95 | 1250 | 100 25 | 11 2.0 | 25 | 0.7 | 4-pinM.| E  [Class-C Amp. (Telephony) 1000 | —180 | 100 | — | —  —— 65 (3048
' | | | Class-B Amp. (Telephony) | 1250 | —110 | 60 | =% ||
UHS0* |~ 50 | 1.5 | 3.95 1950 195 | — 106 2.9 | 26 — 4pinM.| _E__(Class-C Amplifier — = = === | — | — _[um%0
| | Class-C Amp (Telegraphy) | 1300 | 950 115 | 15 5.0 _— 120 l
. |Class-C Amp. (Telephony) | 1250 | —250 | 100 | 14 | 4.6 372 93
RK35 50 7.5 | 40 | 1500 195 20 9.0 3 X M. el Al o St N L e
| 5| 27|04 ]"""‘ l E  [Grid-Modulated Amp. s s %0 o 17| 100 | 5 "%
| | Class-B Amp. (Telephony) 1500 180 37 | 0 20 | 100 25 :
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Max,
Plate
Type | Dissipa-|
tion
| Watts
ESS—
RK37 50
808 50
841SW 50
841A 50
55 55
RKS1 6
RKS¢2 60
HY51A
HY518 e
35T 70
HF100 | 75
|
ZB8120 75
50T 5
RK36 | 100
|
RK38 100

Cathode
Volts Amps.
1.5 4.0
1.5 4.0
10 2.0
10 2.0

1.5 2.75
1.5 3.75
1.5 3.75
1.5 3.5
10 2.25
5-5.1 4.0
10 2.0
10 2.0
5.0 6.0
5.0 8.0
5.0 8.0

| Max.
Plate

Voltage

1500

1500
1009
1250
1500

1500

1500

1000

2000

1500

' 1950

3000

3000

3000 |

Max.

.C

Plate ]

Grid

Cuv:n( Ct'::‘venl

125 35
150 35
150 30
150 30
150 40
150 40
130 50
155 25
150 35
150 30
160 40
100 30
165 35
165 40

Max.

TABLE XIV —TRIODE TRANSMITTING TUBES — Continued

Interelectrode
|Capacitances (upfd.)’

Amp.

Factor Gnd

Fil.
— 35
47 5.3
146 —
146 3.5
20 | 40
20 6.0
— 6.6
25 6.0
30 2.5
23 35
90 5.3
12 | 20
14 4.5
— | 46

Gnd
Pla(e

3.2

2.8

9.0

9.0
3.75

6.0

12

1.5

4.5

5.2

2.0

5.0

43

"| Base®
Plate
to
Fil.

0.2 | 4-pin M,

0.15

2.5
1.5

2.5

2.2  4-pin M,

2.0 | 4-pin M,

0.3  4-pin M,

3.2  4.pin J.
0.4

1.0

4.pin M,

4-pin M,
4-pin M.

4-pin M.

4-pin M,

4-pin M,

4-pin M,

4.pin M,

0.9 | 4-pin M.

Socket

Connec-|

ticns !

Typical Operation

lC_Iass-C Amp. (Telegraphy)
|Class-C Amp. (Telephony)
lGnd Modulated Amp.
|Class-B Amp (Telephony)
|Class-C Amp (Telegraphy)
|Class-C Amp. (Telephony)
>|C|uss-8 Amp. (Telephony)
Class-C Ampllﬁev
lClass-C ‘Amplifier
|Class-C Amp. (Teleauphy)
Class-C Amp. (Telephony)
‘gass g Amp. (Tele’(aphy)
Class-C Amp. (Telephony)
Grid-Modulated Amp.
|Class-B Amp. (Telephony)
|Class-C Amp. (Telegraphy)
lCIass-C Amp. (Telephony)

|Class-C Amplifier

|Class-C Amp. (Telesvaphy)
|Class-C Amp. (Telephony)
|Class-C Amp. (Telegraphy)
Class-C Amp. (Telephony)
|Grid-Modulated Amp.
Class-B Amp. (Telephony)
|Class-C Amp. (Telesuphy)
|Class-C Amp (Telephony)
|Grid-Modulated Amp.
|Class-B Amp. (Telephony)
|Class-C Amplifier

!CIass-C Amp. (Telegraphy)

|Class-C Amp. (Telephony)
|Grid-Modulated Amp.

|Class-B Amp. (Telephony)
|Class-C Amp (Teleguphy)
IClass C Amp (Telephony)
|Grid-Modulated Amp.

|Class-B Amp. (Telephony)

| ., Plate
Plate | Grid
| Voltage| Voltage C‘,‘:"’"'l

! |

~ 1500 | —130 | 115

1250 | —150 | 100
1500 | —200 | 44
1500 | — 50 50
1500 l —200 | 125
19250 | —9295 [ 100
1500 l 35 | 45
1500 | —136 | 150
1500 l —200 | 150
1500 l —9250 | 150
1250 | —200 | 105
1500 | —130 60
1500 75 60
1500 | -120 | 130
19250 l -120\ 115
— = —
2000 | —150 | 150
1500 | —120 | 100
1500 | —200 150
1250 | —250 | 110
1500 | —980 72
1500 | — 55| 75
1250 | —135 | 160
1000 | —150 | 120
1250 0 95
1250 80 90
3000 | 600 | 100
2000 | —360 | 150
2000 | —360 ( 150
2000 | —270 72
92000 | —180 | 15
2000 | —200 160
2000 @ —200 | 160
2000 | —150 80
—100 15

2000

| Current

|

Ma.

Approx.
rid
Driving
Power
Woatts

7.0 |
5.6 |
6.0 |
2.4
9.5
105
2.0

Peak
Power

| Output

Watts

800

168
200
900
240
290

Approx.

Carrier
Qutput

Type

Power |

Watts

122

295
60
55

|
[RK37

(808

[s41sw
|841A

1155

[RK51

IRKS2

HYS1A
[HY>18B

351

HF100

|zB120
Isot

IRK36

|IRK38
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TABLE XIV — TRIODE TRANSMITTING TUBES — Continued

Interelectrode

|
m:‘:' | Cathode Max. '61'(‘ ’ |Capacitances (uufd.)
" — p Plate d Base ?
Tvee |t ' vJﬁ‘.’,e Carrent oy Foctor Giid Giid Plote
Volts | Amps. Ma. | "M
Watts | Volls | Ames > l Fil. lpuu il '
100TH | 100 | 5-51 | 65 | 3000 | 295 | 50 |30 | 2.2 | 20 | 0.3 |4-pin M.
100TL | 100 | 5-5. i 65 | 3000 295 50 iu | 2.0 | 2.3 | 0.4 | 4-pin M.
COCTE M0 —o3 | BZE O
HKg54 | 100 50 | 15 | 3ooo| 200 | 40 195 | 3334 | 11 | 4pin).
el S el s
203A 100 | 10 3.95 ( 1250 | 175 | 60 |25 | 65 [14.5 | 55 | 4-pin ).
[ . ,
l —] 60 145 | 55 |
211 | 0 |14, . ;
H 100 | 10 3.95 | 1250 | 175 S0 12 | g% | 935 5p | 4Pin
242A 100 | 10 395 | 1950 | 150 | —— 125 65 13 | 40 | 4-pinJ.
| —
|
838 100 | 10 3.95 | 1250 | 175 | 70 | — 65 | 8.0 | 50 | 4-pinl.
— |
RK58 100 | 10 3.95 | 1250 | 175 | 70 |—— | 85 | 6.5 [10.5 | 4-pinJ.
| |
. ]
261A 100 | 10 3.25 | 1850 | 175 | 50 { 12 | 60| 90 | 5.0 | 4-pinJ.
203H 100 | 10 | 3.95 | 1500 | 175 | 60 |95 | 65 (115 | 1.5 | 4-pin J,
f——| . S
| |
852 100 | 10 3.95 | 3000 150 | 40 |12 | 1.9 | 2.6 | 1.0 | 4-pin M.
- s e e e e e B
RKS7 125 | 10 3.95 | 1500 | 210 70— 65 | 8.0 | 50 [4oin .
A . I .
T e | e | |
805 125 | 10 3.25 | 1500 = 210 | 70 |40-60| 8.5 | 6.5 10.5 | 4-pin J.
E— i | S P— l l
T125 195 | 10 3.85 | 2000 | 200 4 60 |25 '— 45 | —— | 4-pin ).
1501 | 150 | 5.0 | 10 3000 | 200 | 50 (13 | 3.0 | 3.5 | 05 | 4-pin J.
| | | \
806 | 150 50 | 10 3oool 200 I 50 126 6.1 | 3.4 | 1.1 | 4pin ).
| [
| | | | | — |
HK354 | | | 9.0 } 40 | 04 |
50 10 4000 | 300 | S50 |14 4-pin J.
HK354C 45 | 3.8

‘m

N

N

| Socket '
| Connec-
tions !

€
M

Typical Operation

v[élass-& Amplifier

| Class-C Amplifier
| Class-C Amp. (Telesvaphy)

: Class-C Amp. (Telephony)

Class-C Amp. (Telegraphy)
Class-C Amp. (Telephony)
Class-B Amp. (Teleghony)
Class-C Amp. (Telegraphy)
Class-C Amp. (Telegraphy)
Class-B Amp. (Telephony)
Class-C Amplifier

Class-B Amp. (Telephony)
Class-C Amp. (Telegraphy)
Class-C Amp. (Telephony}
Class-B Amp. (Telephony)
Class-C Amp. (Telegraphy)
Class-C Amp. (Telephony)
Class-B Amp. (Telephony)
Class-C Amp. (Telegraphy)
Class-C Amp. (Telephony)
Class-B Amp. (Telephony)
Class-C Amp. (Telegraghy)
Class-C Amp. (Telephony)
Class-B Amp. (Telephony)
Class-C Amp. (Telegraphy)
Class-C Amp. (Telephony)
Class-B Amp. (Telephony)
Class-C Amp. (Telegraphy)
Class-C Amp. (Telephony)
Class-B Amp. (Telephony)

Class-C Amp. (Telephony)
Class-B Amp. (Telephony)
Class-C Amp. (Telegraphy)
Class-C Amp. (Telephony)
Class-C Amplifier

| Class-C Amp. (Teles‘upi\ysi

Class-C Amp. (Telephony)
Class-B Amp. (Telephony)

Mc "|Class-C Amp. (Telegraphy)

N

| Class-C Amp. (Telephony)
|Class-B Amp. (Telephony)

Class-C Amp. (Telegraphy) ) )

l

{
|

|
!

|
|

Plate ' Grid [piess Grid
Voltage| Voltage Cunen ; Curre

3000
3000
3000
2500
1250
1000
1250
1250

1000

1950
1000
1250
1250
1000
1250
1250
1000
1250
1250
1000
1250
1500
1250
1500
3000
2000
3000
1500

1250

1500
1500
1250
1500
2000
2000

3000
3000
2500
3000
4000
3000
3000

—91C

| —g51
—995
—195
—135
— 45
—9295
—260
-100
—150
—100
- 90
—135

0
)
—135

0
—295
—9260
—100
—200
—160 |
— 48
—600
—500
—250
—105
—~160
- 10
—105
—160
- 10
—120
—200

—600
—600
—340
—1700
—550
—905

—210 |

Approx.
Grid
Driving
Power
Watts °

D.C.
Ma. ‘ Ma. I
135 45
135 45
167 | 40 |
180 40
150 | 95
150 50
105 | 3.0
150 18
150 35
106 1.0
150 | —
100 | —
150 | 30
150 60
106 15
150 30
150 50
106 | 15
150 18
150 | 35
160 | —
170 | 12
167 19
100 | 3.0
85 | 15
67 30
43 0
200 | 40
160 | 60
15 | 15 |
200 40
160 60
15 | 15
200 30
200 50
200 35
195 25
195 40
7 | o
245 | 48
255 50
8 —

pesk [ R5men
ower
| Output g:?::‘ LD
Wa Watts [
— | 300 |f00TH _
—— | 300 [100TL
— | 400
7400 | 350 —|HK954
— | 130 |
400 | 100 |203A
170 | 42.5
— [T
400 | 100 [g3:
170 | 42.5 |
— | 125
195 | a1 |242A
__‘._1_30 \77
400 | 100 |838
170 | 42.5
— | 130 |
400 | 100 [RKSS
170 | 42.5 |
— | 130
400 | 100 |261A
170 | 425
— | 200
640 | 160 [203H
208 | 5%
— | 1 165 .
300 852
240 | 40
- - _E |
560 | 140 |RKS7
230 | 515 l
— ] 5 |
560 | 140 (805
{230 | 575 |
|T—"| 300
| 1200 | 300 }T"s
| — | 450 [150T
| — | _as0
1560 | 390 (806
280 | 70
——— [ 840 |hK3s4
| "9512 | 698
398 | 8g |HK354C
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TABLE XIV — TRIODE TRANSMITTING TUBES — Continued

Int_eulochode | Approx. A ]
l m::. [ Cothode Max. | 'Pv}:t’: D Amp. :C—npacmues (“id.'_); Base é“kﬂ g . Plate | Grid ‘ ch' y Dp.?i.gl PPo.\:tv szpv'iz:
Type D::;i:a-'l v | Amcs 'VPoII.t?g@ C“M",‘f" c?"m‘ Factor G‘;id G‘;id Pl‘:(e | Base ‘?:::5: Typical Operation Voluge! Voltage ';:1’:.'“ ‘ cu”:?‘ Pv:c:’g %‘:‘&:‘ %V:?;L Type
| e | A7 | ; | M| Fil. | Plate | Fil. | , l | . \ | Wers® | ll
HK354D | 150 50 | 10 | 4000 @ 300 |55 |92 | 45 | 3.8 1.1 |4pin). N (Class-C Amplifier T 73500 490 240 | 50 38 —— 690 HK354D
HK354E | 150 50 10 4000 300 | 60 35 | 45 | 3.8 | 1.1 |4-pin). | N |Class-C Amplifier 3500 448 | 240 60 |45 <~ —— | 690 HK354E
MK354F | 150 | 5o |10 4000 300 | 75 |50 | 45 | 38 | 1.1 |4-pin). | N |Class-C Amplifier | 3500 368 | %50 | 75 | 50 | —— | 720 |HK354F
HD203A, 150 | 10 | 40 2000 950 | 60 | 95 |—— 12 | —— | 4-pinJ. M |Class-C Amplifier | —— — | — | —— | — [ — 375 |HD203A
' | . N | (Class-C Amp. (Telegraphy) | 2500 ~—300 | 200 =~ 18 80 —— 380 |
HF200 I 150 | 10-11 | 3.4 | 2500 ' 200 ’ 50 ‘13 } 5.2 | 5.a| 1.2 | 4-pin J. , N [Class-C Amp. (Telephony) | 2000 | 350 | 160 | %0 | 9.0 | 1000 | 950 |HF200
| [ ' | | Class-B Amp. (Telephony) | 9500 | —140 90 | —— | 40  3%0 80
Ti55 | 155 | 10.0 | 40 | 3000 900 | 60 20 | 25 | 3.0 | 1.0 4pinJ). | N __|Class-C Amplifier _ | — | — | — | — | — —— 450 |T155
F108A ‘ 175 | 100 | 11.0 | 3000 | 200 [ S50 |12 | 3.0 | 7.0 | 2.0 |4-pin). | N |Class-C Amplifier | 3000 | 350 | 200 | — | — | —— | 400 [F108A
RK63 | 200 | 5.0 |10 3000 | 250 | 60 |37 | 27 33 | 1.1 |4-pin). | N [Class-C Amplifier | 3000 | -200 | 233 | 45 |47 —— | 525 |RK63
T814 200 | 10 40 | 92500 | 300 g0 12 | 7.0 13 5.5 | 4-pin J. M [Class-C Amplifier | 2000 | —400 | 300 55 30 | —— | 400 |T814
Ta22 900 | 10 | 40 | 2500 | 300 | 60 | 27 | BO (14 | 6.0 |4-pinJ. | M |Class-C Amplifier - ‘ 2000 | - 9920 | 300 55 |35 | — | 400 |T822
- o | B | Class-C Amp. (Telegraphy) | 3000 | —400 | 250 28 | 16 — 600 |
HF300 | 200 | 11-12 | 40 | 3000 | 275 ’ 60 |23 60| 65 14 4pin) | N |Cless-C Amp. (Telephony) | 2000 | —300 250 36 | 17 1540 385 HF300
[ | | | [ | - Class-B Amp. (Telephony) l 2500 |- 100 | 120 0.5 6.0 420 i0s |
g50TH | 250 | 5-5.1 | 10.5 | 3000 350 100 | 32 | 3.5 3.5 | 0.3 | 4-pin). N [Class-C Amplifier | 3000 | 210 330 55 | — | — 750 [250TH
250TL 950 | 5-5.1  10.5 | 3000 | 350 | SO 13 3.0 | 3.5 03 4pin). | N Class-C Amplifier ] 3000 400 330 | 45 — | — 750 250TL
2oVt | | | l - ) B ) | | | 1 | " |Class-C Amp. (Telegraphy) | 2500 -200 | 250 30 15 N 450
204A 250 | 11 3.85 | 2500 | 275 | 80 |23 125 (15 | 2.3 [Special Q [Class-C Amp. (Telephony) | 2000 | 250 250 | 35 20 1400 = 350 [204A
! | | ‘ [Class-B Amp. (Telephony) 2500 | — 70 160 | — 15 400 100 |
854 | 300 | 75 15 | 4000 600 100 | 92 | 63 | 55 | 15 |pin). | N (Cles-C Amplifier | 2000 | 380 500 | 75 57 | — 120 654
300T | 300 | 8.0 | 11.5 | 3500 350 15 |16 | 4.0 | 40 | 0.6 4-pinJ. | N [Class-C Amplifier | 3500 | 600 300 60 —— | — 800 [300T
B { | | Class-C Amp. (Telegraphy) L 2000 200 | 475 65 | 95 = 740
833* | 300 | 10 |10 | 3000 | s00 | 15 |35 123 | 63 | 85 [Special ’ T |Class-C Amp. (Telephony) | 2500 | —300 335 75 | 30 2540 635 833
| | Class-B Amp. (Telephony) [ 3000 779 15(2 2.0 ] 10 . 600 150
849 l 400 | 11 {— 50 | 2500 ‘4350 | 195 |19 [17 [335 | 30 iSpocinl ‘ Q 2::::2 :::' g::::::::))‘ ) :%gg ggg :%% % ig.o 1700 ig—g ’349
' ! ‘ (335 | 3. | . 0 300 | 30 14 | 1700 | 425 |
- Class-B Amp. (Telephony) | 2500 1<9_5 16 _].0 12 720 JE |
Class-C Amp. (Telegraphy) 3500 400 275 40 30 —_— 590 |
831 | 400 ‘ 1|10 ! 3500 | 350 | 75 | 145 3.8 | 40 1.4 ]sp.cial ' R [Class-C Amp. (Telephony) ' 3000 | 500 900 | 60 S0 | 1440 | 360 |831
l l | | ) Class-B Amp. (Telephony) _l 3500 ‘220 1_49 el | M “ 640 . 160'
— T D o N B i I " Class-C Amp. (Telegraphy) 2500 | —200 | 400 8  —  — 750 |
450TH | 450_-7.3-7;7 1_9 | . '_Eo._l 125 730_ —I—[—|j-pml_. '!_N ) g:m.g :mp.((:.:.pho:y)); ;, ::gg i —igg % g | —— | 3000 % |4soTH
4-pin J. ass- mp. (Telegraphy - | — —_—
450TL 450 |7.5-7.7 12 6000 | 500 | 75 |16 | 40 | 40 06 | :4 ' Class.C Amp. (Telophony) | 2500 40 400 |65 | — 3000 750 fSOTL
100 500 | 11|95 | 2000 | 500 | —— 14 | 40 10 | 2.0 (Specisl | R |Class-C Amplifier | 2000 | 300 500 — ~—— ~—— 600 [F100
5007 500 | 8.0 | %0 4000 | 600 195 |135| 60 45 08 | Class-C Amplifier 9000 | —400 450 | 100 —— —— | 650 |500T
! Refer to F.ig. 518. * Indicates that tube is designed especially for u.h.f. work. 5 :II_'w_in :v_io:es. ¥n=ues ;:on;sl‘::nd t‘goleﬂ-_ and v'i‘ght-llimnd sections.
3 xll vﬂfﬁ'ﬂ?ﬁi’ﬂﬂ?% 500 Mec. 9 R:;:v t’::oFiegs.' 51'4:‘?{1(32 h:s pslz‘t:el l::'d;ncg:ingpro 'lop caps, pins 2
+ Plate connection to top cap. and 6 having no connection.
5 See Chapter 8 for discussion of grid driving power. 10 Gaseous discharge tube for use on 110-volt d.c. Use 500-ohm re-
¢ Heater and cathode connected to usual pins, grid and glate connected sistor in series with No. 1 arid. lonizing current, 150 to 250 ma.

to top caps. 11 Twin triodes. Characleristics per section.
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CHAPTER SIX

WORKSHOP PRACTICE

Tools — Constructional Methods — Coil Winding

— Benches — Racks

IN GREAT contrast to the early days of
amateur radio, component parts, designed es-
pecially for the amateur, for every conccivable
purpose, are readily available at reasonable
prices. In consideration of this, it is seldom
possible to economize in the cost of a trans-
mitter or receiver by attempting the eonstruc-
tion of component parts such as transformers,
condensers, etc., most of which are impossible
to duplicate satisfactorily without special
machinery.

TOOLS

MuEe construction of a piece of amateur
equipment thus resolves itself chiefly into
proper assembly and wiring of the various
components. With a few well-chosen tools, an
otherwise tedious piece of work may be sim-
plified so that almost anyone may turn out a
neat appearing and well working job. To a
certain degree, it may be said that the greater
the variety of tools available, the easier and,
perhaps, the better the job may be done. It is
surprising, however, how many fine pieces of
equipment are turned out with only a mini-
mum of common hand tools.

For simple breadboard construction, the
following tools are the most important:
1 pr. Longnose Pliers (6"')
1 pr. Diagonal Cutting Pliers (6’’)
1 Screwdriver (8 to 7', 14" blade)
1 Screwdriver (4’ to 5", 14’ blade)
1 pr. Tin Shears (10”)
1 Sceratch Awl or Lce Pick
1 Combination Square (12"}
1 Yardstick or other straightedge
1 Hand Drill (2 speed)
1 Heavy Kaife
1 Electric Soldering Iron (100 watts, small pointed tip)
1 Center Punch
1 Flat File (12" medium coarse cut)
Drills; particularly %§’’, 14" and 3{¢’' and No. 42
Solder (Rosin Core)
Soldering Paste (Non-corroding)

For more extensive construction and metal
working, the following additional tools will
be found indispensable:

1 Bench Vise (4" jaws)
1 Ball Peen Hammer (1-1b. head)

1 Hacksaw (12" blades)
1 pr. Slip-joint Pliers (6")

Antenna Masts

1 Long Shank Screwdriver with screw-holding elip (14"’
blade)

1 set Small Stamped Steel Open En.l Wrenches

1 Wood Chisel (14")

1 Cold Chisel (14'")

1 pr. Wing Dividers (8'')

1 Carpenter’s Plane (8’ to 12'")

1 Carpenter’s Ratchet Brace

1 Countersink for brace

1 Screwdriver Bit for brace

1 Circle Cutter for brace (adjustable)

1 Taper Reamer for brace (14")

1 Taper Reamer for brace (1’)

1 Round Bastard File (coarse, 14’’ or more diam.)

1 Flat File (12" — very coarse for fast cutting)

Several smaller files for smoothing; rat-tail, flat, round,
square, triangular and half-round

Several small * C” Clamps

Additional Drills: Nos. 18, 21, 28, 29, 33 and 50

Steel Wool

Sandpaper and Emery Cloth (several grades)

1 Combination Oil Stone for sharpening tools

Several of the pieces of light wood-working
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. Socket
holes may be most easily made by means of
punches especially designed for the purpose.
However, a complete set of these punches is
quite expensive, if those of good quality are
selected. Those of inferior quality should be
avoided. The idea that machinery is necessary
to turn out a good job should be dismissed.
Machinery is mentioned hcre merely as a
suggestion to those who are in a position to
acquire it.

A few feet of brass or iron strip 14" wide
by ¢’ thick, 14" square brass rod, 14"
diameter brass rod and 14" by 14" by K¢’
brass angle stock always come in handy for
making mounting brackets, panel braces,
shaft extensions and other small metal objects.

CUTTING AND BENDING SHEET
METAL

SHEET metal is normally cut with a hacksaw,
following a scratched line as closely as possible,
but not so close as to obliterate the line. The
rough edge is then trimmed down to the line
with a file. Use a square to mark the cutting
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line and ecoarse files for fast cutting. Smooth
up the edges with the finer files. A large, coarse
round file will cut faster than other types, if
used with a combination filing and planing
motion. For final finishing of the edges, place a
large picee of emery cloth or sandpaper on n
flat surface and run the edge of the metal
back and forth over the sheet.

The casiest way to cut a wide sheet of alumi-
num or alloy is to make scratches as deep as
possible along the line of the cut on both sides
of the sheet. Clamp the sheet in a vise and
weave back and forth until the sheet breaks at
the line. Do not earry the weaving too far
until the break begins to weaken, otherwise the
edge of the sheet may become hent. A pair of
iron bars or picces of heavy angle stock, as
long or longer than the width of the sheet, used
in the vise will make the job easier. “C”
elamps may be used to keep the bars from
spreading apart at the ends.

Bends are made with a similar arrangement.
The sheet should be scratehed on both sides,
as deseribed ubove, but not too deeply.

DRILLING AND CUTTING HOLES

M o1es should never be drilled without first
using a center punch to locate the center of the
holes. Mistakes and a ruined panel or chassis
may be avoided by first laying out the com-
ponents on a sheet of heavy paper on which an
exact outline of the panel or chassis has been
made. Components may be moved about until
the most satisfactory arrangement has been
found. The various hole centers are then
marked on the paper. The paper is transferred
to the chassis or panel and fastened with ad-
hesive tape or gummed paper. The hole cen-
ters arc then punched through the paper,
avoiding scratches on the metal. In laying out
dimensions for any pieee of work, make the
measurements as accurately as possible. Small
errors in measurement often spell the dif-

fe————————————— £ L0 6 Feel-

ference hetween well-fitting a job tind one
which requires filing and tri'mming.

Holes larger than 14" or 3{s” should first
be drilled with a small drill and then enlarged
with successively larger drills until the desired
size is reached. Be careful of excessive pres:
sure on drills of small size to avoid breaking.
Use a taper reamer for holes larger than 14"
or 3{4", especially if a drill press is not avail-
nble. A 14" diameter round tapered file with
a coarse cut can be used for reaming by re-
moving the handle and clamping the handle
end in the chuck of a brace. Turn the file
counter-clockwise with medium pressure.

FFor holes larger than 1”7 diameter, a hole
cutter, sometimes called a ““ fly-cutter,” is used.
When using the adjustable type, try the setting
on a block of wood or piece of scrap metal
before cutting the chassis or panel to make
sure that the size is right. After a hole for a
standard size socket or meter has been cut,
the disk which forms the center may be saved
and used in setting the cutter to the correct
point at some time in the future when the need
for a hole of the same size arises. Always back
up the metal with a picee of wood in using the
hole cutter. This is also advisable when using
small drills. 1f a hole cutter is not available,
or if a square or irrcgular shaped hole is re-
quired, it may be cut out by drilling a series of
small holes as close together as possible, and
as close as possible to the inside of the outline
mark of the hole. The center may then be
knocked out with a cold chisel. Another
method which may be used for cutting rec-
tangular holes is to drill a 14’/ hele inside each
corner and cut the rectangular hole out with
a hacksaw blade. Burrs, which may develop
around the edge of a hole when drilling, may
be removed by carcful use of a large knife or an
old wood chiscl. Reference should be made to
the table showing the drill sizes to be used for
clearing or for tapping for various standard
size machine serews.
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It may be supported from the wall or provided with legs as shown in Fig. 602,
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Exercise extreme eare in using taps, espe-
cially in aluminum. Keep the tap at right
angles to the surface of the metal surface and
reverse the tap whenever it begins to turn
hard. Machine oil usually makes tapping much
easier. Small taps may very readily be used in
the hand drill, if the drill is shifted into slow
speed.

NUMBERED DRILL SIZES
Drilled for

Diawmeter Wil Clear Tapping Iron,

Noumber (m1ils) Serew Steel or Brass*

1 8.0 —

& 1.0 12 24

3 213.0 1424

4 200.0 12 20 -

5 205.0

6 204 .0

7 201.0

8 199.0

9 106.0

10 193.5 10-32

1 191.0 10-24

12 189.0

13 185.0

14 182.0

15 180.0

16 177.0 12-24

17 173.0 -

18 169.5 8-32 =

19 166.0 —_ 12-20

20 161.0 — >

21 159.0 10-32

22 157.0 —

23 154.0 -

24 152.0

25 149.5 10-24

26 147 .0 o

27 144 .0 o

2% 140.5 6-32

20 136.0 832

30 128.5

31 120.0

32 116.0

33 113.0 4-36 4-40

34 111.0 :

35 110.0 6-32

36 106.5

37 104.0

IR 101.5

309 099.5 348

40 098.0

41 006.0

42 093.5 4-36 440

43 089.0 2-56 —

44 086.0 — .

45 082.0 3-48

46 081.0 —

47 078.5 o

48 078.0 o

49 073.0 2-56

50 070.0 e

51 067.0 S

52 063.5

53 059.5

54 055.0 o —

* Use one size larger drill for tapping bakelite and hard
rabber.

CLEANING AND FINISIHHING METAL

B®.nrs made of aluminum or alloy may be
cleancd up and given a satin finish, after all

WORKSHOP PRACTICE

holes have been drilled, by placing them in a
solution of lye for half to three-quarters of an
hour. Three or four tablespoonfuls of lye
should be used to cach gallon of water. If more
than one pizce is treated in the same bath,
each piece should be separated from the others
s0 as to expose all surfaces to the solution.
Overlapping of piceces may result in spots or
stains.

SOLDERING

Tk secret of good soldering is in allowing
time for the joint, not the solder, to attain suf-
ficient temperature. Suflicient heat should be
applied so that the solder will melt when it
comes in contaet with the wire forming the
joint without the necessity for touching the
solder to the iron. Soldering paste, if the non-
corroding type, is extremely useful when used
correctly. In general, it should not be used for
radio work exeept when it is necessary to make
the soldered joint with one hand. In this case,
the joint should first be warmed slightly and
the soldering paste applied with a piece of
wire. Only the soldering paste which melts
from the warmth of the joint should be used. 1f
the soldering iron is elean, it will be possible to
pick up a drop of solder on the tip of the iron
which can be applied to the joint with one
hand, while the other is used to hold the econ-
neeting 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 insulation. Except
where absolutely neeessary, solder should
never be depended upon for the mechanieal
strength of the joint; the wire should be
wrapped around the terminals or elamped with
soldering terminals.

The tip of a soldering iron should be kept
clean and well-tinned, 1f it is necessary to
allow the iron to run for long periods without
use, a resistance should be inserted in series to
prevent the tip from burninug up.

OPERATING TABLES

Wine any standard table or desk may bhe
used for an operating position, a more con-
venient and attractive arrangement will result
if the operating table is built for the purpose.
The drawings of Figs. 601, 602 and 603 show
two types which have accommodations for all
of the various operating aecessorics such as
control switches, key, receiver and power sup-
ply, monitor, stationery, cte.

The one shown in Figs, 601 and 602 was de-
signed by WOHGW. 1t may be built by anyone
possessing a fair degree of mechanieal skill and
with a minimum number of carpenter’s tools.
There are no complicated joints to make and,
for the most part, it is simply a matter of
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cutting the material and nailing it together.

The top may consist of a single sheet of
34-inch 5-ply Douglas fir veneer or several
fairly smooth boards fastened together with
eleats covered by a sheet of 14-inch masonite
or pressed wood. Small holes are drilled about
six inches apart along the edges of the mason-
ite which is fastened with small brass escutch-
eon pins, driving the heads down flush. Brass
binding may be used along the edges of the top

The top may be supported in either of two
ways, If permissible, the better plan is to build

when sandpapered and finished with dark ma-
hogany stain, it will make a table of which no
one need be ashamed.

The back panel may be the 18" piece left
over after having cut the four-foot panel down
to 30”. The rest of the shelves and pigeonholes
may be made of 1”7 X 12" pine, which may be
bought at the lumber yard surfaced on four
sides, ready to be cut and nailed into place. All
joints should be nailed with eight-penny finish
nails.

The small shelves may be made of wood, or
better, by making

Digeonkole arrangement same as 601

x4 4
Nor! with 0d finish nails

29°to 30" I'na ') 1

wall-) saw cutsin the side

pieces about an

, of H 1 n

I"‘" 2o z| inch apart and A
deep, to receive

] picces of 20 gauge

xa’/ galvanized iron
R which are slid into
] them to make
shelves that are
easily adjustable,

R4

1

SUGGESTED METHOD OF SUPPORT WHERE
BRACKETS CANNOT BE USED FOR SUPPORT

FIG. 602 — LEGS MAY BE PROVIDED WHERE WALL MOUNTING IS IMPOSSIBLE

two brackets of 2’ X 3’/ material, as shown in
the sketch, and fasten them to the wall by
means of large wood screws driven through the
plaster and into the studding of the wall. In
this way there are no table legs to get in the
way of one’s feet. The studding in the walls
may be located by tapping along the wall with
a hammer until it feels solid. The studding is
generally on 16" centers, hence, having located
one stud, it is an easy matter to locate the
others by measurement.

If the bracket form of construction is used, it
will be necessary to stiffen the top between the
brackets. This may be done by nailinga1’” X 3"
piece across the front end of the brackets, and
a 1’ X 6" piece across the front of the vertical
legs of the brackets, notching it so as to clear
the horizontal bracket members.

The more orthodox method of using four
legs is shown in Fig. 602. These may be made
of 3" X 3" material, fastened at the top with
1" X 4’ pieces, and with a cross piece at
each end about 8’ from the floor and a longi-
tudinal brace between them, as shown by the
sketches.

The table should be about 30" wide, and
from 4 to 6 feet long, depending upon one’s
individual ideas. For best operating conven-
ience the top should be from 29’ to 30"’ above
the floor.

By buying all lumber surfaced on four sides,
the labor of building this table is reduced to a
great extent. The greater part of the work will
be simply cutting the material and fastening it
together. A good grade of pine looks well and,

to suit one’s con-
venience.

The second type,
shown in Fig. 603,
was designed by W5CI1Q. The entire structure
is made of 34" X 12" smooth lumber. Essential
dimensions are given in the drawing. The
various compartments may he used as follows:

. Loud speaker.

. Antenna tuner.

Small monitor.

. Final amplifier.

Exciter stages (two or three).

Power supplies (receiver supply included).
. Receiver.

. Log, call book, writing paper, etc.
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FIG. 603 — ANOTHER TYPE OF OPERATING POSI-
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TRANSMITTER
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1. Panel for switches controlling 110v. a.c.
power.

J. Key.

K. Tools, QSL’s, ncon bulh, plug-in coils, ete.

The shelf at L is mainly a support for the
bottom of the structure. 1t can be used for the
speech amplifier and its power unit, and also to
accommodate magazines, books and the mis-
cellaneous boxes of screws.

The space I/ may be made as a sort of ped-
estal setting inside the space
for the receiver, and the re-
ceiver rests upon it. The writ-
ing desk is hinged at the bot-
tom and folds up to hide the

receiver, ctc.

Panecls may be used on the
shelves that slide out, if so
desired. The top and bottom
shelves are put in perma-
nently while the ones in be-

tween slide out in case repairs
to the apparatus become nec- D
essary.

TRANSMITTER RACK

Tue present trend in ama-
teur transmitter construction
is definitely toward the stand-
ard rack and panel type. In
this type of construction, il-
lustrated in Tig. 604, the
transmitter is made up of
units of standard dimensions,
each one complete in itself,
which are grouped together
in suitable order in a vertical
frame also of standard dimen-
sions. Each unit is composed
of a chassis, preferably of
metal, on which most of the
components are mounted, and \G \
a panel which may be of either
metal or wood.

A transmitter following this
plan of construction usually
requires less floor or table
space than other types and is /
attractive and business-like in
appearance. The unit feature
permits changes, from time to
time, without the necessity of
disrupting the entire trans-
mitter or working on it in a

Flat
Hmﬁ"’t"

\=—Pane!

Brace
Chassis

= Panel

|
/ Finvsh Nauls

Thin metal cover
[ Wood base

WORKSHOP PRACTICE

to 13" wide according to space require-
ments. All panels are 19" wide by some mul-
tiple of 134" high. One sixty-fourth inch is
taken off the height of cach panel to com-
pensate for any irregularitics which might
cause eramping of the panels when they are
mounted together on the rack. Mounting holes
are spaced so that the individual panels will
fit when moved up or down to any desired
position on the raeck in steps of 135", This
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restricted space. The usual un-
sightly connecting wiring may
be cabled and run down the
inside corners of the vertical
members.

Each chassis measures 17"
long, 2”7 to 3" deep and 4"
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FIG. 601 — THE STANDARD RACK
A — Side view, B — Front view, C — Top view, ) — Upper right hand
corner detail, E — Panel and chassis assembly, F, G, Il — Varionus types of
punel hrackets, 1 — A substitute for the metal chansie.
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dimension of 13, is known as a rack unit. The
height of the rack will depend upon the num-
ber of panels required and their sizes. Small
transmitters may be confined to a small table
type rack or to the upper portion of a floor type
rack. Standard racks of steel are available in
various sizes from the larger amateur radio
supply houses. Very practical and inexpensive
substitutes of wood may be construeted by the
amateur, however.

Referring to Fig., 604, the rack is con-
structed entirely of 1’7 X 2" stoek of smooth
pine, spruce or redwood, with the exeeption of
the trimming strips, M, N, O and P. Sinee the
actual size of standard 17 X 2" stock runs ap-
preciably  below  these dimensions, a much
sturdier job will result if picees are obtained
cut to the full dimensions.

The two main vertical supporting members

Back cover«i
+%x z'ﬁame}
0 Mountin
S| ey e ’
| Corner braces i
o | G r'x2"frame —|
-Y Panely
Board or TOP VIEW
Panel~ sectrons B
for .
/nountmy
| “apparatus
N ya
SIDE VIEW
A
FIG. 605 — CONSTRUCTION WHICH PROVIDES MAXIMUM

ACCESSIBILITY

distance of 14" plus the sum of the thickness
and width of the material from either end of
pieces A and J. This distance will be 314" for
stoek exaetly 1”7 X 2. The second hole will
come 14’ from the first, the third 3" from
the second, the fourth 117" from the third and
so on, alternating spacings between 19" and
115" (sce detail drawing D, Fig. 604). All holes
should be placed 34" from the inside edge of
the vertical members.

The two vertical members are fastened to-
gether by eross-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 exaetly
1714" apart at all points. This will bring the
lines of mounting holes 1814 eenter to eenter,
Extending back from the bottoms of the ver-
tical members are picees (7 and D connected
together by cross-members L, Q and E, forming
the base. The length of the pieces D
and & will depend upon space require-
ments of the largest power supply
unit which will rest upon it. The
vertical members are braced against
the base by diagonal members € and
II. Rear support for heavy units
placed above the base may be provi-
ded by mounting angles on the in-
sides of (" and 1, or by connecting
them with eross-members at suitable
heights as shown at #.

To finish off the front of the rack
picees of 14" oak strip (M, N, O, 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 plastie
wood. They should be of such a width
that the top and bottom edges of 0
and P respeetively should be 13"’
from the first mounting holes and

4

A — Frame of 1" x 27 or similar stock mounted at right angles  the  distance between the inside
10 fu"-lc'nulh.punc'l. B - |(-)p view showing !I()M’ transmitter may odgos of the vertical strips, N and
he encloxed. (0 — Adapting vertical construction tostandard racks

are each comprised of two picees (4 and B, and
[ and J) fastened together at right angles.
Each pair of picees is fastened together by No.
8 flat head serews, countersunk.

Before fastening these pairs together, picces
A and J should be made exactly the same
“ngth and drilled in the proper places for the
1 ounting serews using a No. 30 drill. The
length of pieces A4, J, B and [ should equal the
total height of all panels required for the
transmitter plus fietee the sum of the thickness
and width of the material used. H the dimen-
sions of the stock are exaetly 177 X 2, then 6"
must be added to the sum of the panel heights.
An inspeetion 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

P, 194",

To prevent the serew holes from
wearing out when panels are changed fre-
quently, 19" wide X Y{¢'’ or 345"’ thick iron or
brass strip may be used to back up the vertical
members of the frame. Clearance holes for the
mounting serews may be drilled in the wood and
the metal strips may be drilled and tapped for
machine serews. Such a metal strip will also
serve as a grounding strip between units,

The outside surfaces should be sandpapered
thoroughly and given one or two coats of flat
black finish, sandpapering between coats. A
finishing surface of two coats of glossy black
“Duco’ is then applied, again sandpapering
between coats. It is important to allow each
coat to dry thoroughly before applying the
next, or sandpapering.

Sinee the combined weights of power sup-
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plies, modulator equipment, ete., may total to
a surprising figure, the rack should be provided
with rollers or wheels so that it may be moved
about when necessary after the transmitter has
heen assembled. For this purpose, ball bearing
roller-skate wheels are exeellent.

Rack Units

As mentioned previously, the various units
are built upon an assembly consisting of a
panel 19" wide and a chassis or base 17 long,
as shown in drawing E of Fig. 604, Chassis pans
of sceveral standard sizes as well as panels are
available from most amateur radio supply
houses. Chassis are commonly obtainable in
soft steel, aluminum or a zine alloy. Of these,
aluminum or zine alloy, while more expensive,
are much casicr to work and are definitely
recommended where all work must be done
with hand tools,

Very aceeptable substitutes may be made by
covering a picee of wood, such as oak or a spe-
eial impregnated wood known commercially as
“Tempered Masonite” or “Lamtex,” with a
thin sheet of aluminum or other metal assem-
bled as shown in drawing 1, Fig. 604. This spe-
cial type wood also makes excellent pancels
sinee it may be obtained, 14 thick, with an
attractive black erystalline finish in standard
rack sizes with drilled mounting holes or in
undrilled sheets 19”7 wide, Even inexpensive
14" ply-wood panels will be praetical and pre-
sentable if given a sufficient number of coats of
flat black finish to obliterate the grain. No
panel or baseboard of any kind should be de-
pended upon for r.f. insulation if it has been
finished with blaek paint or lacquer which
conducts r.f. currents quite readily,

Panels are drilled as shown in drawing D,
Iig. 604, The holes should be large enough to
pass the No. 8 or No. 10 round head nickeled
wood serews which are used to fasten the
pancls in the rack. As the drawings of the two-
unit and three-unit panels show, it is not neees-
sary to drill holes in the panels corresponding
to all of the mounting holes, but only a suffi-
cient number to provide adequate strength.
Commereial panels are usually notehed instead
of drilled. The simple holes shown are less
difficult to make and serve as well. If desired,
the notehes may be filed out after the holes are
drilled.

Since the panel is called upon to bear the
weight of the chassis and that of the equip-
ment mounted upon it, metal panels should be
not less than 14" thick and wood pancls not
less than 14" thick. In addition to fastening
the lower edge of the panel to the chassis with
machine screws, braces should be provided for
additional support. Triangular shaped picees
such as those shown in drawing F, Fig. 604,
may be cut and hent out of metal sheet or may
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be purehased ready to use. A satisfactory sub-
stitute may consist of a simple bracing strip of
19" X 144" stock, drilled at one end for the
chassis and hent and drilled at the other for the
panel, as shown in drawing H. Where space
permits, the strip may be bent flat-wise, as
shown at G,

Whenever possible, all eomponents should
he mounted on the chassis making it necessary
to drill the panel only for shaft holes, support-
ing screws and, possibly, the dials. Condenser
shaft holes may be located by taking accurate
measurements remembering that the lower
edge of the panel and that of the chassis should
eoincide when assembled.

Vertical Construction

A different type of construetion is shown in
Fig. 605, A frame of wood, properly braced, is
fastened to the panel at right angles. Upon the
frame is mounted a vertical breadboard, pref-
erably covered with thin cheet metal upon
which the apparatus is mounted. Power-supply
apparatus may be placed at the bottom. Tun-
ing condensers are mounted so that the shafts
may be extended through the panel, Tubes may
be mounted horizontally although vertical
mounting by means of brackets usually will
permit shorter leads, If desired, the bread-
hoard may be made in removable sections fol-
lowing raek practice. This type of construction
has the advantage that both sides of the mount-
ing board arc easily accessible and lends itself
very well to enclosed cabinet construction as
shown at /. Similar construetion may be
employed with standard racks by mounting
the chassis vertieally instead of horizontally
as shown at (7,

COIL WINDING

Con forms 17 to 24" in diameter and 11,"
to 1" long, which may be plugged into standard
recciving tube sockets, are standard items of
manufacture. These are ecommonly used for
winding coils for low-power transmitters as
well as reecivers. Some sizes are available with
from four to six prongs. The type to he used
will depend upon eircuit requirements,

Coils for low-power stages, haudling twenty-
five to thirty watts, can be wound with rela-
tively small wire. When the power to be han-
dled is fairly large, heavier eonductors must be
used, however, to avoid heating. Number 12 or
14 wire, properly spaced, will earry the output
of most medium and high power amplifiers
without undue heating, especially when the
optimum or higher L-C ratio is used. In high-¢’
cireuits, copper tubing is generally used; sizes
of tubing range from 14” to 14’ in diameter.

The chief requirements for a good transmit-
ting coil are that its resistance be low (large
conductor and proper proportioning of dimen-
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sions) and that it be mechanically rigid. The
turns should not be “floppy’’ because if vibra-
tion occurs, the inductance will change at the
same rate, modulating the output of the trans-
mitter. If the coils are plug-in, it should also be
possible to handle them a great deal without
getting turns out of place or breaking off ter-
minals. Plug-in coils larger than those woundon
receiving eoil forms usually are provided with
G.R. or “banana” type plugs fitting into jacks
mounted in a strip of bakelite or in speeial
stand-off insulators.

Coils for transmitters often are wound on
grooved ceramie forms available from several
manufacturers. Such inductances are casy to
make, and if wound with bare wire can readily
be tapped at any point.

Another type of coil construction utilizes
strips of bakelite or similar material 18" to
3{s"" thick, 34" to 13" wide, drilled at proper
intervals to give the desired turn spacing, to
support the turns, A coil of this type is illus-
trated in Fig. 606. Wire between sizes 14 and
10 is commonly used, although the same sys-
tem may be used for ecopper tubing. The strips
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FIG. 606 — COIL ASSEMBLY FOR WIRE OR COPPER
TUBING COLLS
After the coil is wound the strips A, B and C are
threaded on the wire starting with strip A whieh has
an extra hole.

1'1G. 607 — COILS WOUND ON CELLULOID STRIPS,
SIHOWING THE WORKING MATERIALS NEEDED
FOR CONSTRUCTION

‘Fhe coil on the bakelite form is in the middle of the
winding process. about to be spaced with the heavy
atring before tightening and cementing.

should be drilled, one strip having one extra
hole to take care of the end of the winding, the
others having the same number of holes as the
number of turns on the coil. The coil itself is
wound separately on a form of the proper di-
ameter. The loose coil is then removed and the
wire fed through the strips a turn at a time,
starting with the strip with the extra hole. 1t is
not difficult fo do, although taking a little
time. The holes in the strips should be large
enough to pass the wire without binding. After
threading through the strips, the turns may be
fustened firmly in place with Duco cement.
The bottom of the coil may be clamped be-
tween two strips of bakelite, as shown in the
drawing of Fig. 606 and mounted on a third
strip which bears the required number of coil
plugs. A mounting base may be made identical
to strip F except that it should be somewhat
wider to take care of the large holes required
for the coil jaeks, and about 2 longer to pro-
vide for mounting on stand-off insulators.
Link windings may be made in a similar man-
ner and may be cemented to the inside edges of
the coil strips as shown in the drawing.

A third type of coil is shown in Figs. 607 and
608. In this case the supporting strips are
celluloid, cemented to the coil turns. A winding
form such as a bakelite tube of proper diameter
ar a collapsible form made of wood shown in
Fig. 608 should be covered with several layers
of paper; the wire is fastencd at one end with a
machine screw and nut through the form and
wound on to the desired number of turns, after
which three or four celluloid strips are slid
under the wire at proper intervals around the
form. The turns are then spaced by winding
string or wire of the proper diameter between
them. After spacing, the turns should be
tightened up and the other end of the winding
fastened to the form. Duco cement is run in
between the turns along the celluloid strips
and allowed to dry for an hour or two, when
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another application of cement is made. The
second coat should be allowed to dry over-
night, after which the turns will be firmly
cemented to the celluloid strips. The paper
may then be pulled or'cut out and the finished
coil slid off the form. The coils are quite
streng and rigid. Even large-size copper-
tubing coils ecan be made by this method,

FIG.
ABOVE IS CONVENIENT IF MANY COILS ARE TO
BE WOUND

608 — THE. WOODEN MANDREL SHOWN

A copper tubing coil just as it comes off the winding
form iu shown at the left; the coil at the right has been
“tritnmed” and mounted.

although it is generally used with wire coils.
Complete coils of the type are available from
several manufacturers.

ANTENNA MASNTS

Nveny simple and inexpensive mast is shown
in Iig. 609. This design has been very popular
andissatisfactory for heights up to 35 or 40 feet,
In addition to the 27 X 2 lumber, the only
materials required are 511" earriage bolts 514"
long with washers, a few spikes, about 300 ft.
No. 12 galvanized iron wire and several small
strain insulators. These should be used about
every 10 or 12 feet to break the guy wires into
seetions, Clear, sound lember should be se-
lected. The mast may be protected by 2 or 3
coats of house paint or, preferably, aluminum
paint.

If the mast is to stand on the ground, a
couple of stakes should be driven to keep the
hottom from slipping. At this point the mast
may he “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 vertieal, The whole assembly ix
light enough for two men to perform the com-
plete operation — lifting the mast, carrying it
to its permanent herth and fastening the guys

with the mast vertical all the while, It is
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therefore entirely practicable to put up this
kind of mast on a small flat area of roof that
would prohibit the erection of one that had to
be raised vertical in its final location.

A heavier mast for greater heights is de-
scribed by WI1ALJ and shown in Fig. 610.
It ean be made forty to sixty feet high, requires
only two back guys forming a tripod with the
antenna and is cheap to construet.

The material required is as follows:

1 — 6" X 6" 9 feet long
2 — 4" X 4" 14 feet long
I — 47 X 4" 20 feet long
2 picces 20 feet long, 17 thick, 3" at bot-
tom end, tapered to 2/ at top
1 — Top piece 2" X 1" 6 feet long
Lapping bolts:
4 — %II X 147
3 — ]/2// X 7'
3 — %11 X 3]/2//
Reinforeement bolts te
at ends of stieks:
(3 1211 X 41/2//
l — 1/2II X 7//
2 I %II X 31/2II
3 %u X 21/2//
Each bolt requires two washers. Large
square washers may he used on the lapping
bolts and regular round washers on the rein-

-

prevent splitting

3 Top
GuUYSs

TOTAL HEIGHT
-40FT. PLUS

ANT,

Guy front and back
“ hete oo side uays
necessory

~—=Carriage borts

Three 2x2's
Each 227¢.

Orill Ya"hole thru
hEs and Aommer
in spikes

4 bort Y4 Corrioge bolt
N\ v e

i Spread 6}
Lot siadad]

FIG 609 —DETATLS OF A 40-FOO'Y MAST SUITABLE
FOR ERECTION IN LOCATIONS WIIERE SPACE 1S
LIVHTED
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forcement  bolts, The bolts  and
washers should preferably be gal-
vanized.

The cost of all material for thix
mast in this locality (southern
Rhode Island) was only about $12.

Leave about 18"oul
of 7mund

Drive at least
Use 17or 12" & in groun

£pe

METHOD OF DRIVING PIPE GUY
ANCHORS FOR DURABILITY

DETAIL OF BASE PIECE
SCALE '2'=1"

FIG. 610 — A 50-FOOTER OF HUSKY
CONSTRUCTION. ONLY TWO GUY
WIKES AT THE TOP ARE REQUIRED

Eight Constructional Hints

1. Saw sides of hottom piece
(6 X 6) to accommodate lapping
of the two 4 X 4's. See Tigs. 1
and 2.

Norte.— Most so-called 4 X 4’s
are usually about 335" square.

2. Shed the tops of all picees to
allow rain to run off.

3. Bore neeessary bolt holes in all

pieces.

4. Install the reinforecment bolts with
washers in ends of all pieces where neces-

sary and tighten.

5. Lay all pieces on level ground in

1-454 —¢

Boits thru
all 3-2xas ™"

3 Bort thru both |\

2245 and telephone pole
Have nails drivern
in 2145 ready to

drire in when up

mast formation and insert bolts. Tighten
all bolts except those for lapping the
first two parallel 4 X 4’s with the second
4 X 4.

6. Cut and fit the intermediate rein-
forcement picees used in the two paral-

4

32°

|

!

VERTICAL SCALE %"= 1"
HORIZONTAL SCALE ¥2'= 1" foat jnto the ground.

lel sections and nail them
permanently in place. They
should be about one foot long.

7. Get three or four soap
hoxes for horses and paint

mast if you desire. Light
gray makes a fine-looking
mast.

8. Use at least 1g” rope for
raising any antenna and in-
stall a good pulley on top
stick.

Guying of this type of mast
is neither complieated nor
costly. No. 14 or 12 steel wire
will suffice for an ordinary
single wire antenna, Small egg
type strain insulators are
best for breakers due to lap-
ping of guy wire holes. They
should he spaced about 12
fect.

As previously mentioned,
only two back guys are neees-
sary, each of these spaeed 120
degrees from the antenna.

There are numerous meth-
ods of anehoring the guys hut
the most common are trees,
fences and pipes driven in the
ground. The latter method
is shown. The guy anchors
should be installed at least
30 feet from the base of the
mast and driven at least four

Jery Teverage
ra/f/'nq po/’y . 7°
One 254 naited on
after assembly is
botted with main
boll.

Thra bolt % inch 2/

127 long ——%

Rgpe -
ar whot
have you?

Ladder

FIG. 611 — THIS TYPE MAY BE CARRIED TO A HEIGHT
OF 50 FEET OR MORE. NO GUY WIRES ARE REQUIRED
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Installation

Dig hole 5 feet deep for 6 X 6. This picee muy
be set in cement or reinforced by filling hole
with rocks and tamping dirt around them. Use
level to make sure hase piece is vertical. Raise
first two parallel 4 X 4’s, and bolt in place to
base picee. Raise remaining 40-foot section to
vertical position beside the parallel 4 X 4’s. It is
not heavy and one man can easily accomplish
this. While a brother ham holds the 40-foot
section in place, climb a stepladder and tie a
piece of rugged rope or wire loosely around the
whole assembly about 2 feet down from the top
of the parallel 4 X 4’s. Hold this in place with a
staple driven into one of the parallel 4 X 4's,
This will serve as a safety guide while
raising the 40-foot section vertically.

WORKSHOP PRACTICE

WOLM at a cost of no more than $8. Ouly four
persons were needed to put it up and no guy
wires were used. 1t has stood up for a number
of years through some strong winds.

A used telephone pole was purchased and
delivered for $5. A hole 6 ft. deep was dug for it.
About 2 ft. from the top of the pole a 15 hole
was bored. The lower section was raised by
hand until ladders could be placed under it
which served as gin poles. The top section
consisting of 2 X +'s was assembled on the
ground and a 14" hole bored about 5 ft. from
the lower end of the top section. The lower
end of the top section was loosely bolted to the
top of the lower section and swung up into posi-
tion, as shown in the sketeh, and spiked in place.

— . Bukelite
Two men take one guy each and walk serp ‘?
in opposite directions from base of pole
to a distance of about 40 feet, Get a
good hold under bottom of 40-foot sce- B% A;gugd
tion and raise vertically. Men on end WA T
of guys should allow plenty of freedom /"Zﬁﬁﬁ‘ﬁﬁf’ ~
and yet not allow top to sway more centers
than 12 inches or so. When bottom of
this section reaches your waist, start
walking up stepladder. If you are rug-
ged, you can handle mast with one hand . L
and hang on to stepladder with the q —Y square Yz Hole
other. However, if you are not rugged, .Lj\ X Guntersin
someone should help you during this == Grownd Lug and solder

operation, When 40-foot section reaches
the proper height, slide its base be-
tween the 4 X 4's and insert the two bolts for
this lap. Tighten nuts and the mast is com-
plete.

The mast shown in Fig. 611 was put up by

FIG. 613 —SIHHOWING TIIE MANNER IN WIHICH THE

SHIELD IS MOUNTED BETWEEN FINAL
ANTENNA COUPLING COILS

TANK AND

HEIGHT AND WIDTH OF SHIELD SLIGHTLY
GREATER THAN COIL DIAMETER
FIG. 612 — CONSTRUCTION OF THE FARADAY-
TYPE SHIELD USING BRASS OR COPPER RODS

The upper ends of the rods may be fixed to the
bakelite strip with Duco cement.

FARADAY SHIELDS

Tue use of Faraday or clectrostatic
skielding between the final amplifier tank
and antenna tank eircuits is discussed
elsewhere. The eonstruetion of such a
shield will vary with the coil arrange-
ments of the final stage and the antenna
circuit. One type which may be used in
most cases is shown in Figs. 612 and 613,
It consists of a series of closely spaeed
parallel rods or wires of size No. 12, or
larger, conneeted together at one end by
the 4" square brass rod in which the
wires are mounted and insulated at the
otherend by a bakelite strip. In push-pull
circuits, two shields, one for each end of
the coil, are required as illustrated at B,
Fig. 614. In cases where a shield in close
proximity to the coil will interfere with coil
changing, the metal strip may be fitted
with plugs and plugged in after the coil
ixin place as shown at C and D, Fig. 614,
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LOW CAPACITY NEUTRALIZING
CONDENSERS

Low capacity neutralizing condensers for
tubes such as the 35T, 808, T'55 and other low
capacity tubes are not difficult to construct.
Two types are shown in Fig. 615. In A, two
stand-off insulators are used to support two
square or rectangular plates with suflicient
spacing to prevent voltage breakdown and of
sufficient area to provide somewhat more than
the plate-grid capacity of the tube. Values of
tube capacity may be taken from the tube
tables of Chapter 5 and the capacity may be
computed from the formula given in the Ap-
pendix. The capacity may be varied

by swinging onc plate or the other to o

strictly necessary. Round plates may be made
easily with the hole cutter. A strip of metal 12"
X 344" or 14" holds the top plate. 1t is tapped
for the machine screw which provides the ad-
justment of capacity. The top plate should be
countersunk on the under side for a flat head
serew 3{g’’ or 14" in diameter. The end of the

Meta!
Disks _

one side. A spacer of metal or bakelite [
is used to give proper spacing. \

The second type requires insulators
of different heights, both of which are

standard produets. The plates shown
are round, although this shape is not

Ant.

Tank Shield

Tank
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Knob to shde
orrota
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FIG. 614 — ARRANGEMENTS FOKR  USING THE
SHIELDS WI'FH SINGLE D AND PUSH-PULL
CH 'S

FIG. 615 — TWO TYPES OF LOW-CAPACITY NEU-
TRALIZING CONDENSERS OF FASY
CONSTRUCTION

Refer to the text for dimensions.

serew is notehed with a hacksaw for an ad-
justing serewdriver,

COL. CEMENT

D uco cement, obtainable universally at hard-
ware, stationery or five-and-ten-cent stores,
is a very satisfactory substance for fastening
coil turns. For small coils, however, it is rather
thick and a better-looking job will result if it is
thinned out with acetone, sometimes referred
to as banana oil. If desired, the solution may
be made thin enough to permit application with
a brush.

CRACKLE FINISH

W vob or metal parts may 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 put on 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 a houschold oven at 225
degrees for one and one-half hours. This will
produce a regular commercial job. This finish
comes in several dificrent colors and is pro-
duced by the Sherwin-Williams Paint Co. and
should be obtainable through any dealers hand-
ling Sherwin-Williams products.
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CHAPTER SEVEN

RECEIVER DESIGN AND CONSTRUCTION

Regenerative and Superheterodyne Types — Modern Circuit
Decelopments of Proved Performance

THE suceess of the amateur station is
fully as dependent on the receiving equipment
as on the transmitter. You can't work stations
unless you can hear them. It pays, therefore,
to give just as much attention to the choice of
a receiver as to the selection of a transmitting
layout.

The availability of factory-made communi-
cations-type superheterodyne reccivers in a
wide price range is responsible for the fact that
many amateurs prefer to buy rather than build
receivers. It must be admitted that the more
complicated sets can be purchased nearly as
cconomically as they can be built, and often
provide a degree of operating convenience
which the home constructor finds it difficult to
duplicate. Nevertheless, there is a definite field
for home construction, especially where econ-
omy is an important consideration. Cirecuit
features not feasible in manufactured sets in-
tended for all types of buyers may be incor-
porated to increase performance without rais-
ing cost. Also, in the home-built receiver it is
possible to control those characteristics — the
degree of band-spread, for instance, or the type
of circuit used — which must be accepted as
presented in the manufactured receiver of
comparable cost.

The receivers described in this chapter are
types adaptable to amateur construction, with
proved performance and economy as the key-
note. In addition, as much attention as possible
has been given to circuits which may be
adapted to existing receivers to improve their
performance.

TYPES OF RECEIVERS

Receivers for amateur communications fre-
quencies -— 1.75 to 30 Mec., inclusive — are of
two general types, regenerative (autodyne) and
superheterodyne. The basic arrangements are
illustrated by the block diagrams of Fig. 701.
The regenerative receiver may consist simply
of a regenerative detector (described in Chap-
ter Five) with or without an audio amplifier,
as at Fig. 701-A, or it may incorporate a radio-
frequency amplifier preceding the detector, as

in 701-B. The regenerative receiver is used
chiefly because of its low cost, particularly in
the simpler types, and bhecause it is relatively
easy to construct and put into operation. It is
therefore a favorite with beginners.

The superheterodyne receiver, depicted in
essential form in Fig, 701-C, is capable of a
much higher order of performance and hence is
preferred by the more experienced amateur.
In it, the frequency of the incoming signal is
first changed to a value at which high amplifi-
cation and more selective circuits can be used,
then detected and made audible. Frequency
changing is made possible because of the phe-
nomenon of heterodyne action, or the genera-
tion of beats. If two signals of differing fre-
quency are applied to the input of a detector,
the output will contain not only the two origi-
nal frequencies but also two new frequencies,
one equal to the sum of and the other the
numerical difference hetween the original two.
In the superheterodyne, the output of a local
oscillator of suitable frequency is applied to
the first detector, or mizer, simultaneously with
the incoming signal; the resulting beat is then
amplified by the intermediale-frequency (i.f.)
amplifier, and again rectified (see Chapter
Five) by the second detector. The conventional
communications-type superheterodyne uses an
intermediate frequency in the neighborhood of
455 ke., and the “difference ” frequency or beat
is amplified. The loeal high-frequency oscilla-
tor is therefore tuned to a frequency differing
from the incoming signal frequency by 455
ke., or whatever i.f. may be used. Common
practice is to tune the oscillator 455 ke. higher
than the signal, rather than lower, although
cither tuning may be used.

To make c.w. signals audible, heterodyne
action again is used at the second detector
through the use of a second local oscillator, the
cw. beat oscillalor. The beat-oscillator fre-
quency is adjusted so that it differs from the
i.f. by some desirable audio frequency, such as
1000 cycles. It may be set, for instance, to 456
ke., if a 455-ke. i.f. is used. The same principle
is employed in the reception of c.w. signals by
a regenerative detector, the detector being
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Ant. RF —~AUDIO RF — R.Ff. —= AUDIO Phones eharacteristic of its tuned
om0 o] 50 TUNED CKT) TUNED CKT. AUDIO or cireuits, in accordance
Foer R — Roer ame. K( %% ith the fundamental
Gnd. 1 = TS // \q pri'nciples (')f regonzmt eir-
@ @ cuits deseribed in Chapter
Tuning Tuming Four. It is also affected by
Control Contro/ the frequency character-
A B istic of the audio-fre-
queney cireuits following
the final deteetor; in fact,
audio-frequency sclectiv-
R.F. ——+ R.F. —>T§3'32 ——:Lso%r?.nr.—-—wmo ity may be quite effective
S T — — EPZ«:ne.r in  cases \\'here. (lellbel.'-
R oET. HRAnA OET. AMp. [ Speaker :lt(-l.y—tuned audio combi-
L T Frequene nations are used. for c¢.w.
i \ S — Converter W t(-l'e‘gmph l'e(:eptlf)n. '
@--. roscl BEAT .lhe.selectlvn‘\ of a re-
ceiver is usually described
C by an overall resonance

FIG. 701 — BLOCK DIAGRAMS SHOWING TIHE ESSENTIAL UNITS OF
BASIC RECEIVER TYPES. A, SIMPLE REGENERATIVE: B, TUNED R.F.
REGENERATIVE; €, SUPERIIETERODYNE

made to oscillate at a frequency differing by
1000 cyeles or so from the actual frequency
of the incoming signal. Without leterodyne
action, unmodulated c.w. signals would pro-
duce no audio response in the detector but
would be heard merely as clicks or thumps.

A radio-frequency amplificr at signal fre-
quency may be incorporated in the superhet-
crodyne receiver to amplify the signal before
mixing and to increase the selectivity. Fig.
701-C shows such an amplifier.

RECEIVER PERFORMANCE
CHARACTERISTICS

Thue important general characteristies of a
receiver are its selectivity, its sensitivity, its
stability and its fidelity. These are inter-
dependent, with selectivity the controlling
factor. The selectivity is the receiver’s ability
to discriminate between signals of different
frequencies. The sensitivity is the minimum r.f.
voltage input required to give a specified use-
ful output. The stability is the receiver’s ability
to maintain its output constant over a period
of time with constant signal input. The fidelity
is the proportionate response through the
audio-frequency range required for a given
type of communication.
Selectivity

The selectivity of a receiver is its most im-
portant characteristic, since it not only deter-
mines the receiver’s ability to separate a de-
sired signal of one radio frequency from unde-
sired signals of other frequencies, but also it
affects the sensitivity of the receiver, as will be
explained later. The selectivity of a given re-
ceiver is determined primarily by the resonance

curve such as that shown
in Fig. 702. This curve
shows how many times
stronger than the desired
signal an interfering signal off resonance must
he to give receiver output cqual to that given
by the on-resonance desired signal. It should be
noted that the response scale of microvolt input
ratios is in logarithmic steps. The curve is
plotted this way because the logarithmie scale
enlarges the input-ratio steps near resonance,
where the selectivity characteristic is most
important. The logarithmic microvoltage scale
also corresponds with a uniform scale of deci-
bel steps, the latter being noted at the right in
Fig. 702. (Refer to the decibel chart and expla-
nation in the Appendix.) This selectivity curve
is for a standard amateur-type communica-
tion superheterodyne having 5 or 6 tuned i.f.
circuits with transformer coupling, and repre-
sents typical seleetivity for "phone reception. It
shows that an interfering signal 1.6 ke, off
resonance would have to have twice the
strength of the desired signal to give equal out-
put, the curve being twice 1.6 ke. or 3.2 ke, in
width at “two times down.” It also shows that
at 3.75 ke. off resonance the interfering signal
would have to be ten times as strong as the
desired signal to give equal output, or that the
interfering signal of the same field strength
would be only one-tenth as cffective as the
desired signal.

Sensitivity

The sensitivity of a receiver is fundamen-
tally limited by what is termed the ‘“‘noise
level.” It is not simply a matter of amplifica-
tion. Only signals that are readable above the
noise background at the receiver output are
useful. This noise background has its source in
atmospherice disturbances or static, in commer-
cial and domestic electrical equipment, and in
the receiver itself, If there should be no external
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sources of noise interference, the receiver’s own
noise level would be the ultimate factor de-
termining the receiver’s effective sensitivity.
This noise may be composed of hum from the
power supply, and of hiss resulting from elec-
tronic variations in the conductors of the radio-
frequency circuit and from irregularities which
are inevitable in the electron flow within the
radio-frequency vacuum-tube amplifier or
detector. Thus the input circuit noise (thermal
agilation), and the first tube noise (shot effect,
flicker effect, ionization) remain as the ultimate
noise limiting sensitivity, since the noise is
amplified subsequently with the signal. This
noise takes the form of a ““hiss” sound in the
output of the receiver.

The minute overlapping impulses which go
to make up this hiss noise are uniformly dis-
tributed over a given section of the radio-
frequency spectrum, and combine in voltage at
the receiver output as the square root of the
sum of the squares of the individual pulse volt-
ages. Hence, this type of noise is reduced when
the width of the frequency pass-band of the
receiver is reduced. From this it is evident that
the selectivity of the receiver is highly impor-
tant in determining the effective sensitivity as
well as in giving it discrimination against un-
wanted radio signals. Actually, the noise power
output is directly proportional to the receiver's
effective band-width, or inversely propor-
tional to its selectivity; while the r.m.s. noise
voltage output is proportional to the square-
root of the effective band-width.

For describing the effective sensitivity of a
receiver in terms of its own noise level, the term
noise equivalent is used. The noise equivalent
(N.E.) of a receiver is the c.w. signal input in
microvolts required to produce an output equal to
the receiver noise output. In amateur type super-
heterodynes of good modern design the noise
equivalent should be below 0.5 microvolt for
i.f. selectivity of the order shown by the curve
of Fig. 702, and should be well below 0.1 micro-
volt for receivers with crystal-filter selectivity.

Stability

The stability of a receiver is principally a
matter of its ability to stay tuned to a steady
signal once the controls have been set, and
therefore essentially involves radio-frequency
constancy. In regenerative receivers the stabil-
ity of the detector circuit is of prime considera-
tion, while in superheterodyne receivers oscil-
lator stability is of first importance. The fre-
quency stability requirements become more
rigorous with high selectivity, especially in
receivers using crystal filters, since variations
of but a few cycles can cause a relatively large
change in output. The stability is affected by
variation in temperature of the circuit ele-
ments, mechanical irregularities, supply volt-

age variations, and other factors which require
special consideration in designing the circuits.

Fidelity

The fidelity requirement in amateur receiv-
ers is essentially different from broadcast
receiver requirements, although this is not gen-
erally realized, and is set by the minimum
required for intelligibility. For c.w. telegraph
reception of hand-keyed signals (say up to 30
words per minute) adequate fidelity for intelli-
gible reception can be obtained with selectivity
such that the receiver’s effective band width
(the ‘““measuring stick” for selectivity) is but
50 cycles or less; for 'phone reception with
usable intelligibility the band width must be
proportionately greater, although still consid-
erably less than for good-quality broadcast re-
ception. It is therefore evident that the most
important receiver characteristic is the effec-
tive selectivity; for the higher the selectivity,
the greater can be the amplification and the
higher the effective sensitivity, to the limits
imposed by the requirement of intelligible
output.

TUNING SYSTEMS

Since the amateur frequency-bands com-
prise narrow slices of territory widely sepa-
rated, it is not possible to cover them all
effectively with one coil and condenser in the
tuning system. Many schemes have been
evolved to provide interchangeable coils. The
use of a special form plugging into a tube
socket is almost universal in amateur-built
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receivers. Coils of this type are pic-
tured later on with the construc-
tional details of the receivers in A
which they are used.

More complicated receivers, in
which a number of tuned circuits
must be changed for each range,
employ coil switching systems or
plug-in ‘‘gangs’ containing three
or four coil units for each range.
These units are hardly adaptable
for amateur construction and are
more economically purchased than
they can be made up by the con-
structor.

Circuit Constants

The frequency range covered by
a coil and condenser combination
will be determined by the induct-
ance of the coil across which the
capacitance is effective, the mini-
mum value of the effective capaci- D

tance and the maximum value of c

the capacitance. The inductance
will, of course, be determined prin-
cipally by the number of turns,
length of winding and diameter of
the coil, but will be affected more or
less by coupling to another coil and by the pres-
ence of shielding and other conductors in its
field. For practical purposes the value of induct-
ance calculated either by the formulas given in
Chapter Four or by the Lightning Radio Cal-
culator can be taken, provided the shielding is
spaced from the coil by a distance equal to the
coil radius.

The maximum frequency limit for a given
coil will be set by the minimum capacitance,
which includes the minimum of the tuning con-
denser plus the tube and stray circuit capaci-
tance. An allowance of 20 to 30 pufd. usually
can be assumed for this minimum. This is in-
creased by ‘‘loading” with a trimmer con-
denser, or a ‘‘tank”’ condenser, in parallel with
the main tuning condenser. There is an almost
infinite variety of combinations possible, of
course, which accounts for the wide differences
in tuning combinations given for receivers of
various designs.

F1G.

Band-Spreading

In amateur receivers it is desirable that the
tuning range be adjusted so that practically
the whole scale of the tuning dial is occupied
by the frequency band in use. This ‘“band-
spreading”’ gives the greatest ease in tuning
that is possible with the particular dial or me-
chanical system employed, and also makes
calibration easier because each dial division
represents a relatively small frequency in-
terval. The simplest method of band-spreading

703 — ESSENTIALS
OF BAND-SPREAD TUN-
ING SYSTEMS

is to use a tuning condenser of such
capacity range that the band is just
covered by rotating the condenser
from minimum to maximum ca-
pacity.

The amateur bands are not en-
tirely in harmonic relation, how-
ever, and therefore a condenser
which spreads one band satisfac-
torily may not give the same spread
on others. In order to make each
band cover a large number of dial
divisions, the ratio of maximum to
minimum capacity must be differ-
g ent for each band.

o Several basic band-spreading

l

c schemes are shown in Fig. 703. At

A is the parallel-condenser method.
C) is the tuning condenser, usually
with a maximum capacity of about
25 upufd. Cs is a ‘‘band-setting’’
condenser; its maximum capacity
should be at least 100 upfd. and
€ may be larger. The setting of C»
will determine the minimum capac-
ity of the circuit, and the maximum
capacity will be the maximum ca-
pacity of Cy plus the setting of Cs.
A different maximum-to-minimum
capacity ratio can be chosen to give good
band-spreading on each band.

The series-condenser method is shown at B.
As explained in Chapter Four, the total capac-
ity of two condensers in series is less than that
of either. C; again is the tuning condenser. It
should have 100 uufd. or more maximum ca-
pacity. Cy is the band-setting condenser and is
preferably small, perhaps 25 pufd. The maxi-
mum-minimum capacity ratio in the circuit
will be determined by the setting of Cz. The
minimum capacity changes very little for any
setting of Cg, but the maximum capacity can
be varied over quite a range, depending upon
the ratios of the capacities of the two condensers.

At C is another arrangement which makes
use of a “‘split-stator”’ tuning condenser — one
with two separate stationary-plate sections and
a single rotor. One of the stator sections is
made small enough to give good band spread-
ing on the narrower bands, and the second
stator section, when connected in parallel with
the small stator, will give good spread on the
wider bands.

The tapped-coil system at D is used in sev-
eral manufactured amateur-band receivers and
has also been adopted by many amateurs in
home-built sets. Condenser C; may be fairly
large — 100 ppfd. or so — but will give good
spread on any band if the right size of coil is
chosen and the tap to which the stator plates
of the condenser are connected is made at the
right place. Trimmer condenser C; is the

b
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‘‘band-set” condenser. It should have a maxi-
mum capacity of 25 to 100 uufd.

Fixed Condensers and Resistors

In both audio- and radio-frequency circuits
there will be found fixed condensers connected
across resistors, from plate to filament and
even across portions of the circuit that appear
in the diagram to be directly connected. These
are by-pass condensers, provided to give a
direct path for audio- or radio-frequency cur-
rents and to prevent these currents from flow-
ing through other paths where they might
cause undesirable degenerative or regenerative
effects. In other cases fixed condensers are used
to serve as paths for audio- or radio-frequency
currents while preventing the flow of direct
current, in which case they are known as
coupling or blocking condensers. Small mica or
non-inductive paper-dielectric condensers of
from 100 ppfd. to 0.1 ufd. capacity are com-
monly used for r.f. circuits, while capacities of
from 0.01 to several ufd. are used in a.f. cir-
cuits. The particular size used will be deter-
mined by the impedance across which the con-
denser is connected, being smaller in capacity
as the parallel impedance is greater. In the case
of r.f. by-passes in circuits intended to transmit
audio frequencies, as in the plate circuit of a
detector, the capacity must be kept small
enough so that the condenser will not by-pass
audio frequencies also. Typical values are
0.001 pfd. and smaller. Audio-frequency by-
pass condensers, on the other hand, usually
have values ranging from £ ufd. to 8 or 10 pfd.

Fixed resistors are also used, in a wide va-
riety of sizes, to provide bias voltage, to drop
plate voltage, to serve as coupling loads in
audio circuits and to decouple in both radio-
and audio-frequency grid- and plate-return
circuits. Values for resistors to provide bias
voltages and to drop plate voltages depend on
the current flowing through them and are.de-
termined from Ohm’s law, as shown previously.
Plate- and grid-coupling condenser and resistor
values depend primarily on the tube combina-
tion with which they are used, values shown in
circuits described in this chapter being typical.
Decoupling resistor and condenser combina-
tions are not critical as to value. Usually such
circuits are necessary only in high-gain ampli-
fiers of two or more stages.

Radio Frequency Shielding

The purpose of shielding is to confine the
magnetic and electrostatic fields about coils
and condensers so that those fields cannot act
on other apparatus, and to prevent external
fields from acting upon them in turn. Chapter
Three has explained the nature of these fields.
They can be confined by enclosing the appara-
tus about which the field exists in a metal box.

The effectiveness of the shield depends upon
the metal of which it is made and upon the
completeness of contact at the joints. At radio
frequencies the best shield is one made of a low-
resistance non-magnetic metal, such as copper
or aluminum, because the losses in it will be
low. The high frequency magnetic fields about
the apparatus enclosed in the shield cause cur-
rents to flow in it, and since the flow of current
is always accompanied by some loss of energy
the shield in effect causes an increase in the
resistance of the tuned circuit. The lower the
resistance of the shielding material the lower
will be the energy loss. At low frequencies,
such as those in the audio range, copper and
aluminum are ineffective for shielding.

The increase in resistance caused by shield-
ing also depends upon the proximity of the
apparatus inside the shield to the walls. Coils in
particular should be spaced from the walls in
all directions by a distance at least equal to
the coil radius. For this reason small diameter
coils are much to be preferred to large ones if
the set is to be kept reasonably small. The
losses in the shielding due to electrostatic
fields are negligible in comparison to those
caused by magnetic fields, so condensers can
be mounted right on the walls of the shield if
desired.

To be effective a shield mnust be grounded.
Connecting the shielding to a point in the re-
ceiver at zero or ‘‘ground” r.f. potential, such
as the negative side of the plate supply, is usu-
ally sufficient.

REGENERATIVE DETECTOR
CIRCUITS

Ix rue regenerative receiver a number of
arrangements of the tickler coil and feed-back
control in the detector circuit can be used to
give similarly loud signals, but some of them
are more convenient and permit adjustment of
regeneration without detuning the signal. It is
an advantage if the regeneration control is
absolutely quiet in action; if it permits a
gradual adjustment up to and past the point of
oscillation; and if it permits the tube to oscil-
late gently all across the frequency band on
which the receiver is working, without the
necessity for touching anything but the tuning
control.

Fig. 704 shows the circuits of regenerative
detectors of various types. The circuit of A
is for a triode tube, with an adjustable resistor
in the d.c. plate feed to vary the plate voltage
on the tube and thus to control regeneration.
If both coils are wound in the same direction,
the plate connection is to the outside of the
tickler coil when the grid connection is to the
outside of the tuned circuit.

The circuit of B is for a screen-grid tube as
the detector, regeneration being controlled by
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adjustment of the screen-grid voltage. The
tickler is in the plate circuit. As in the circuit
of A, the portion of the control resistor between
the rotating contact and ground is by-passed
by a large condenser (0.5 ufd. or more) to filter
out scratching noise caused by variation in con-
tact resistance when the arm is rotated. The
screen-grid detector has somewhat greater gain
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REGENERATIVE DETECTOR CIRCUITS

than the triode, but requires more critical cir-
cuit adjustment. The tickler should be adjusted
so that the tube just goes into oscillation at
a screen voltage of approximately 30 volts.
The circuit of C is also for a screen-grid type
tube, but uses a variable by-pass condenser for
regeneration control, the screen-grid voltage
being fixed. This condenser usually has a
maximum capacitance of 100 or 150 puufd.
When the capacitance is too small the tube
does not regenerate, but as it increases towarc
maximum the reactance between the positive:
B side of the tickler and ground become
smaller until a critical value is reached wher
there is sufficient feed-back to cause oscillation
This method of control is quiet and smooth in _
operation when the size of the tickler and cou-
pling to the grid coil are carefully adjusted.

The circuit of D differs from that of B only
in that the feed-back winding is in the cathode-
to-ground circuit, being actually part of the
tuned circuit coil. This places it effectively in
the plate circuit (plate to ground and thence to
the cathode), so that the action is much the
same. However, the tickler is also in the
screen-to-cathode return circuit, and the screen
operates to furnish feed-back as a sort of auxil-
iary plate. Hence a smaller tickler winding is
required to give proper regeneration and oscil-
lation. The circuit of E is the same as that of
D, except that a separate feed-back winding is
used. This eliminates the necessity of tapping
the cathode into the main coil.

In all methods it is best that the tickler be
mounted or wound at the “ground” end and
not the grid end of the tuning coil. In the inter-
ests of smooth control it will be found advisable
to use just as few turns on the tickler as will
allow the tube to oscillate easily all over the
tuning range. If the tube starts oscillating with
a sudden thump instead of a smooth rushing
noise, a different value of grid leak resistance
should be tried.

A ONE-TUBE REGENERATIVE
RECEIVER
The regenerative receiver’s appeal for the
beginner lies in its simplicity and low cost.
These two features are excmplified in the
receiver pictured in Figs. 705 and 707, the
circuit diagram for which is given in Fig.
706.! Its simplicity makes it almost certain
to work at the first trial, even for a totally
inexperienced beginner. Although only one
tube is used, many of the requirements for
satisfactory amateur-band operation are met.
Through the use of a double-triode tube with
one section as detector and the other as
audio amplifier, sufficient amplification is
provided for good headphone reception. Tun-
ing is made easy because the bands are spread
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tube socket. The spaced pin of the coil
socket is located at the side opposite the
primary connections of the audio trans-
former, so that it is possible to make
direct connections to the terminals.

The three condenser rotors are ground-
ed to the aluminum panel. The stators
of €y and C; are connected together. A
short wire is used to connect the Cy stator
to the grid end of L;. The grid leak and
grid condenser, Ry and Cs, with terminal
leads connected in parallel, are soldered
to the stator of Cy at one end and to the
grid cap of the tube at the other.

For convenience in following the wir-
ing of the set, the diagram is arranged
with the socket connections just as they

FIG. 705 — A ONE-TUBE REGENERATIVE RECEIVER

Coils for the 80- and 40-meter bands are shown at the side.
The dial in center of panel is the band-sprecad tuniug con-
trol, with regencration control knob at right and band-set-

ting control at left.

over most of the scale of the vernier tuning
dial.

The receiver is built on a wooden base 634
inches long, 514 inches deep, and 1 inch thick.
The !{g-inch aluminum panel for the set
measures 6 inches high by 7 inches long. The
panel is fastened to the base by two 34-inch
wood screws, and in addition, two angle
brackets with 1l4-inch legs are screwed to
base and panel to increase the rigidity of the
assembly.

The 3-inch vernier dial on the center of the
front panel is the band-spread
tuning control. The pointer

appear from above, so it is not necessary
to consult a tube data sheet for the
various lug connections.

A four-conductor cable is used for
heater and plate power connections, and
to fasten the cable to the baseboard a
four-lug terminal strip is screwed to the
board at the rear edge. For the headphone tips,
a two-terminal strip is provided, mounted also
at the rear edge of the base.

In the diagram, the antenna post of the
receiver is shown coupled to the grid end of
the coil, L. Actually, it is not necessary to
provide an antenna binding post; this pur-
pose is served by simply twisting the an-
tenna lead-in wire with a piece of insulated
wire approximately 6 inches long, the end of
which is connected to the grid lug of the coil
socket. The insulated twisted wires form a

6F8G

knob at the left is on the band-
setting condenser, (', while
that at the right is the regen-
eration control condenser
knob, The three are mounted
in a straight line, with holes
centered 214 inches apart,
three inches above the bot-
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tom edge of the panel.

After the panel has been
attached to the baseboard and
the condensers are in place,
the tube socket is mounted on
the center of the base. This
socket is held to the base, on the mounting
pillars supplied with it, by two 14{-inch wood
screws. The key slot is pointed directly toward
the rear of the baseboard, as it is shown in the
circuit diagram.

The audio transformer and the coil socket
are placed somewhat nearer the rear edge of
the base. The audio transformer is mounted
with primary connections at the side of the
receiver and secondary connections near the
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FIG. 706 — CIRCUIT DIAGRAM OF TIIE ONE-TUBE
RECEIVER

Cy — T5-pufd. band-setting midget condcnser (Card-
well ZU73AS).

C2 — 10-pufd. band-spread midget tuning condenser
(Cardwell ZR10AS).

Cs — 75-pufd. midget regeneration control condenser
(Cardwell ZUT3AS).

C4 — Insulated wire-ends, twisted (sce text).

€5 — 0.0001-4fd. fixed mica condenser (Aerovox).

R1 — 2-megohm, Y-watt resistor (IRC).

RFC — 2.5-millihenry choke (National R-100).

T1 — 3:1 audio transformer (Thordarson T-13A34).
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‘“‘squeal,” the cathode tap on the coil
should be moved nearer the grid, or top
end. If, on the other hand, signals are
received but it is found impossible to
stop the regenerative whistle by rotat-
ing C3, the tap should be moved nearer
the ground end of the coil.

The coils are designed so that each
amateur band is spread over a large part
of the dial range. To set C; to the proper
position for coverage of a band, C2should
first be set to minimum capacity and C
should be rotated from minimum capac-
ity toward maximum until the high-fre-
quency edge of the amateur band is
reached. During active hours it should
not be difficult to find the bands. When
the position of C; corresponding to the
high-frequency edge of the band is found,
the condenser should be adjusted to a
slightly lower capacity so that a small

FIG. 707 — REAR VIEW OF THE ONE-TUBE RECEIVER,
SHOWING WIRING AND PLACEMENT OF PARTS

This view clearly shows the simplicity of the assembly.

coupling condenser, the capacity of which may
be increased by increasing the length of wire
in the twisted pair. For an antenna of approxi-
mately 50 feet, two turns should be sufficient.

Although the heater rating of the 6F'8G is 6.3
volts, best operation of the tube in a receiver
of this type is obtained with 3 volts. A supply
of two dry cells, or the portion of a 6.3-volt
winding between center-tap and one end is
quite suitable.

If the specifications given in the coil table
are carefully followed, the receiver should
operate properly at the first test. Due to
differences in the characteristics of tubes of
different make, however, it may be found
necessary to move the cathode tap on the coil.
This tap should be fixed on each coil so that
the set goes into regeneration (as indicated by a
light rushing noise) near the middle setting
of the regeneration control condenser, C3. If it
is impossible to hear any signals, particularly
during the evening hours, or if 'phone stations
can be received without any regenerative

COIL DATA FOR THE ONE-TUBE RECEIVER

No. Turns

Total No. Total Winding Between Tap

Turns Length and Ground
1.75-Mc. band 110 Turns close-wound 12
3.5-Mec. band 45 Turns close-wound 6
7-Mc. band 14 Turns close-wound 2
14-Mc.band 7 ¥ inch 2
28-Mc.band 5 ¥ inch 2

All coils are wound of No. 30 d.s.c. wire on ribbed
5-prong forms, 134-inch diameter by 2-inch winding
length.

margin on each end of the band will be
available on the tuning dial.

A suitable antenna length is 50 feet,
although other lengths may be used. It
is desirable that the antenna be non-
resonant on the amateur bands so that no
trouble will be experienced in holding the re-
generation at a fixed level.

A TWO-TUBE REGENERATIVE
RECEIVER

Kics. 708, 710 and 711 show a two-tube
regenerative receiver which is thoroughly
practical for everyday station operation.? A
pentode regenerative detector is used for
maximum sensitivity, followed by a triode
audio amplifier for good headphone volume.
It may be used with either storage-battery or
a.c. filament supply, with a 90-volt “B”
battery recommended for the plate supply.
It is inexpensive and simple to construct. The
circuit diagram is given in Fig. 709.

With the exception of the controls and the
headphone jack, all the parts are mounted on
a wooden baseboard with side pieces which
raise it part way up the panel, forming a com-
partment underneath. The baseboard measures
6 by 10 inches and the side pieces 6 by 2 inches;
all are made of half-inch thick soft wood, and
are fastened together with finishing nails.

The top view of the set shows clearly how the
parts are arranged on the baseboard. The
sockets for the two tubes project partly
through the base, the mounting rings being
flush with the top. Each hole should be just
large enough —about 114 inches in diameter —
to pass the socket, and the centers should be
214 inches back from the panel and 21{ inches
in from the edges of the baseboard. The detec-
tor tube socket, at the left, has a tube shield
fastened to it. This shield is necessary to
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prevent ‘‘induction”

hum pickup from near-
by house wiring. The
sockets are held down
by small wood screws.

The coil socket is
midway bhetween the
two tube sockets, and
is centered 3 inches be-
hind the panel. This
socket is mounted on
the small porcelain pil-
lar furnished with it,
thus keeping the coil-
socket wiringabove the
baseboard so that con-
nections can be run
directly to the various
condensers and termi-

RECEIVER DESIGN AND CONSTRUCTION

nals. The wiring is
clearly shown in the
photograph, and is
further explained in
Fig. 712. The antenna condenser, C3, is fastened
directly to the baseboard just to the rear of the
coil socket. The Fahnestock clips at the rear
edge are the antenna and ground terminals.
The only remaining part on top of the base-
board is the audio coupling choke, L3 It is
mounted, as shown, just behind the amplifier
tube. Holes must be drilled in the base so that
the two connection lugs can project through.

FIG. 708 — A PANEL VIEW OF THE TWO-TUBE REGENERATIVE RECEIVER
AND SOME OF THE PLUG-IN COILS

The arrangement of parts on the panel will
become clear after inspection of the front and
top views. The main tuning condenser, C),
is in the middle, the mounting hole being
drilled 4 inches from the bottom edge. The
band-setting condenser, Cz, and the regenera-
tion-control resistor, Rj; are at the same
height, with 2 114 inches from the left edge
of the panel and R; the same distance from
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FIG. 709 — CIRCUIT DIAGRAM OF THE TWO-TUBE RECEIVER

C1 — 35-uufd. receiving variable condenser (Hammar-
lIund MC-35-S)

C2 — 140-pupufd. receiving variable condenser (National
Experimenters’ Type)

C3— 70-pufd. mica trimmer condenser (Hammarlund
BBT-70)

Cs — 100-uufd. midget mica condenser (Aerovox)

Cg — 2-ufd. electrolytic, 450-volt (Aerovox ’BS-2)

Ceé, C7 — 100-pufd. midget mica (Aerovox)

Cs — 0.01-ufd. tubular paper, 400-volt (Aerovox)

Co — 5-ufd., 25-volt electrolytic (Cornell-Dubilier
ED-2050)

Rt — 5 megohms, %-watt (I.R.C.)

R2 — 0.5 megohm, %¥-watt (I1.LR.C.)

R3 — 2000 ohme, 1-watt (I.R.C.)

Rq — 25,000 ohms, 2-watt (I.LR.C.)

Rs — 50,000-ehm potentiometer (Centralalh)

RFC — 2.5-mlllihenry r.f. choke (National R-100)

J — Open-circuit jack

Sw — S.p.s.t. toggle switch

1.3 — Audio choke, 1080 henrys at 0.5 ma. (Thordarson
T-52C98)
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the right-hand
edge. The “B" on-
off switch and the
‘phone jack, at the
left and right re-
spectively, are 1
inch from the bot-
tom of the panel
and 24 inches in
from the edges. The
panel is of 1/16-
inch aluminum and
is 7 by 10 inches.
All the parts on
the panel can be
mounted directly

TWO-TUBE RECEIVER COTL DATA

Total Band-
Total Frequency Amateur Turns Cathode Spread Turns,
No. Range, Kec. Band, Mec. I Tap Tap Le
1 1200-3200 1.75 60 4 2 10
2 2650-7000 3.5 27 14 * 10
3 5500-15,500 7.0 13 % 8 5
4 9100-27,750 14.0 7 13 3 4
5 15,750-47,000 28.0 3 % 1 1

All coils are wound with No. 24 d.s.c. wire on Hammarlund SWF 5-prong forms,
diameter 134 inches. The length of each coil is 1}4 inches. The caps are counted off
from the lower terminal (B) of Li1. The third column indicates the amateur band for
which the coil will give band-spread over most of the tuning dial. Antenna coils are
close-wound, separated from L1 by about }{ inch. The direction of winding is unim-
portant.

* No tap; Ci1 is connected to the top of L1 through a jumper connecting pins D and
E in the coil form.

except the ’phone

jack, which must
be insulated by
washers which are obtainable for that purpose.
Although other materials than aluminum coutd
be used, the panel should be of metal in order
to act as a shield between the operator’s hand
and the receiver circuits, thus preventing
“hody-capacity’” effects which cause a shift in
the receiver tuning when the hand is brought
near the radio-frequency circuit.

The receiver parts mounted underneath the
baseboard can be identified readily in Fig. 711.
Although the exact placement of parts is not
critical, the general arrangement shown should
be followed. A four-wire cable, fastened to
the left-hand side-piece in the bottom view,
provides connections to the filament and
“B” supplies. Fig. 712 gives the socket con-
nections for the detector and amplifier tubes;
the detector socket should be mounted with the

heater prongs toward the bottom (rear edge)
of the base, while the heater prongs on the
amplifier socket should be toward the upper
right corner.

The panel serves as the connection between
the rotor plates of Cy and Cs. The other con-
nections in the r.f. circuit are made by bus
wire as shown in Fig. 710. The ground connec-
tion (1) on the coil socket is made to the rear
end-plate of C1. A connection also is brought
from the detector shield to this point so that
the shield will be grounded. The left-hand
terminal of Rg (viewed from the front) goes to
a soldering lug on the baseboard as shown in
the top view. This lug is held in place by a
machine screw which passes through the base-
board and similarly connects to R4 under-
neath. The center terminal of Rg, the moving
contact, goes through a hole
in the base and thence to the
screen-grid terminal of the
detector socket. The right-
hand terminal of Rg con-
nects to the panel through
a soldering lug which is
under one of the wood-
screws holding the panel to
the base. The wood-screw on
the other side holds another
soldering lug to which con-
nections can be made from
underneath the base.

The grid condenser, Cjy,
and grid leak, R;, are
mounted on the upper sta-
tor terminal of C2, being
soldered directly to the lug.
It is desirable to keep the
lead to the grid cap of the
tube as short as possible,
and close to the tube shield,

FIG. 710 — PLAN VIEW OF THE TWO-TUBE RECEIVER

to minimize the induction
hum already mentioned.
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Underneath the base-
board, the ‘‘L”-shaped
piece of bus wire is the com-
mon negative-‘‘B’’ or
‘‘ground” connection. It
starts at a lug just below
the detector socket, to
which one side of Cg also is
connected, and runs up to-
ward the panel to the sold-
ering lug under the screw
holding the panel in place.

In connecting condensers
Cg and Cy, be sure that the
“plus’ terminal on Cp goes
to the screen-grid prong on
the detector socket and on
Cy to the cathode terminal
on the amplifier socket. The
““minus” terminals should
connect to the common
ground wire.

The winding data on the

coils are given in the table,
while Fig. 712 illustrates
the method of construction. All I, windings are
made exactly the same length, 114 inches. On
all except Coil No. 1 the turns must be spaced
evenly to fit the length; No. 1 is close-wonnd.
The taps are made by drilling a hole at the ap-
propriate place, feeding the wire through to the
proper pin and cutting it off; then a new piece
with its end fastened in the same pin (and go-
ing back out through the same hole) continues
the winding. When the coils are finished, the
windings should be coated with Duco cement
or similar adhesive along the coil-form ridges.

The main tuning dial is one with a variable
“vernier "’ ratio so that the tuning can be rapid
or slow as the operator wishes. The slow move-
ment is desirable for fine tuning.

Pointer knobs and dial plates are used for the
band-setting and regeneration controls. The
band-setting dial plate has a semi-circular
scale with divisions running from 100 at the
left-hand side to 0 at the right. The knob
should be set so that with the condenser
plates all out the pointer is at 100 on the scale.
The settings specified later for the amateur
bands are given in terms of this type of dial
plate and condenser setting.

If a.c. heater supply is to be used tubes with
2.5-volt heaters are recommended in preference
to the 6-volt types, since the latter usually
give some hum in a regenerative receiver.
Either the 57 or 58 may be used as the detector,
and the amplifier should be a 56. If a 6-volt
storage battery is to be used for heater supply,
the detector tube should be a 6C6 or 6D6, and
the amplifier a 76.

Fig. 709 shows how to connect two 45-volt
““B”-battery units to the receiver. The “B”

FIG. 711 — BOTTOM VIEW OF TIIE TWO-TUBE RECEIVER

voltage is not critical; the receiver will, in
fact, operate well with only ore 45-volt unit,
although the volume will be somewhat reduced
as compared with two. A regular “B" elimina-
tor or power pack also can be used but is not
particularly recommended, since such a supply
frequently introduces ‘‘tunable hum” with
simple receivers of this type. Tunable hum is
caused by the power circuit’s tending to act
as part of the r.f. circuit at some frequenciesand
thereby introducing hum on the detector grid.

When a transformer is used for heater sup-
ply, the center-tap of the secondary winding
should be connected to ground, as shown in
Fig. 709. This connection balances out hum
from the filaments. The actual connection may
be made to the negative terminal of the “B”
battery for convenience.

After the set is completed and the wiring
checked, insert the coil which covers the band
between 1200 and 3200 ke. (No. 1) in the coil
socket, set Cs at about half scale, and connect
the heater supply, headphones, antenna and
ground. After the tubes have lighted, the “B”’
battery may be connected. Make sure Sw is
closed.

Now turn the regeneration control knob
until the set goes into oscillation. This phe-
nomenon is easily recognizable by a distinct
click, thud or hissing sound. The point where
oscillation just begins is the most sensitive
operating point at that particular tuning-dial
setting. If the set refuses to oscillate, the
sensitivity will be poor and no cade signals will
be heard. It should oscillate easily, however, if
the coils are made exactly as shown. At fre-
quencies to which the antenna system is
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resonant, however, the antenna may “load”
the detector so heavily that it cannot oscillate;
this effect may be overcome by reducing the
capacity of C3. For any given band of fre-
quencies, adjust C3 so that the detector oscil-
lates over the whole range, using as much
capacity at Cj as is possible. This will give the
best compromise between ‘“dead spots” and
signal strength.

TOP VIEW OF COIL SOCKET

BUWa
ccegto
4 [
SUP.
G 5.6. 6
(@p
HH
C .2
or co
H M
o o

BOTTOM VIEW OF B80OTTOM VIEW OF

DETECTOR SOCKET AMPLIFIER SOCKET

FIG.712— TUBE AND SOCKET CONNECTIONS FOR
TIIE TWO-TUBE RECEIVER

The method of winding the coils also is indicated.

To cover the 1750- to 2050-kc. amateur
band, C2 should be set at about 70 on the
scale, the exact setting being determined
experimentally. Further tuning then should be
done with the band-spread dial. The 3500- to
4000-ke. band will be found on Coil No. 2
with Cg at about 50 on the scale. On Coil No. 3
the band will be found when C: is set at about
45; on Coil No. 4 about 60; and on Coil No. 5
about 75.

A suitable antenna for the receiver would be
50 to 75 feet long, as high and clear of sur-
rounding objects as possible. A ground con-
nection to a heating radiator or water piping
will be satisfactory.

Speaker Output Stage for Two-Tube
Receivers
If increased audio output for loud-speaker
operation is desired with either of the fore-

../721/’

going receivers, a pentode power stage can be
added. This is feasible only with a.c. power
supply, since the power stage requires more
plate current than can be furnished economi-
cally by “B” batteries. The diagram of Fig. 713
shows two different circuits which may be used.
That of A employs resistance coupling between
the first audio stage in the receiver and the
power tube, while B has transformer cou-
pling. In either arrangement, the volume con-
trol Rs can be replaced by a 500,000-ohm
14-watt fixed resistor if the receiver’s audio
stage already has a volume control. Insta-
bility in the form of ‘“howling” or ‘““motor-
boating" is less likely with the circuit of B.
This form of instability is not unusual in
high-gain audio circuits following a regener-
ative detector, especially with a loud speak-
er operating at fairly high volume. The trou-
ble is partly electrical and partly acoustical
in origin. Sound waves from the speaker ag-
gravate instability by vibrating the tube of
the sensitive regenerative detector circuit
with the result that microphonic ‘“howl”’ builds
up. To prevent this trouble, the speaker should
be placed and faced so that the sound is least
able to affect the detector, and the volume
level should be kept as low as possible. The
best speaker location should be determined by
trial. The audio power unit can be built up on
a small base about 3 inches wide to match
the particular receiver with which it is to be
used. Usually the output transformer is in-
corporated in the speaker unit, and therefore
need not be mounted in the amplifier stage.

TUNED RADIO-FREQUENCY
AMPLIFIERS

A rapio-FrEQUENCY amplifiera head of the
detector is very desirable. The increase in
sensitivity provided by it can be put to good
use. A further advantage of such an amplifier
is that it isolates the detector from the antenna,
reducing the radiation from the detector in an
oscillating condition. A radio-frequency ampli-
fier is also of considerable service in the elimina-
tion of ‘“dead-spots’ — points on the tuning
dial at which the antenna, coming into reso-
nance, might otherwise stop the detector from
oscillating.

The circuit of a typical tuned r.f. stage is
shown in Fig. 714. When the r.f. amplifier
uses a screen-grid tube of the variable-mu
type (such as the 58, 6K7, 6D6, etc.) its gain
can be made adjustable by means of a variable
cathode resistor, additional to the usual fixed
cathode resistor, as is also shown in Fig. 714.
As the value of the resistance in series with
the cathode is increased the voltage drop
across it rises, making the bias applied to the
grid increasingly negative with respect to the
cathode and thereby reducing the amplification
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FIG. 713 — CIRCUITS OF POWER AMPLIFIERS FOR
TWO-TUBE RECEIVERS, TIIAT OF B BEING
PREFERRED

If six~volt filament supply is used, a 42 or 6F6 may
be substituted for the 2A5 shown.

Ri1 — 20,000 obms, 1-watt.

Rz — 500,000-chm potentiometer.
R3 — 250,000 ohms, Y4-watt.

R4 — 400 ochmes, l-watt.

Cy — .02 ufd.

C2— 1 ufd.

C3 — 8 ufd., 400 volts.

T — Interstage audio transformer.

of the stage. Since the space current of the
tube falls as the grid becomes more negative,
thereby tending to lessen the rate of increase
in negative bias with increasing resistance, it
is advisable to provide a bleeder resistor from
the cathode side of the gain control to a more
positive point of the high-voltage supply such
as the screen-grid voltage tap. Suitable re-
sistance values for a single r.f. amplifier tube
would be 300 to 500 ohms for the fixed cathode
resistor, 10,000 ohms for the -variable gain
control resistor and 50,000 ohms for the
bleeder. If the gain of several stages is to be
controlled by the one variable resistor, its
value can be proportionately less and the
bleeder may be omitted.

Rather complete shielding is always re-
quired when the input circuit to the r.f. am-
plifier tube is tuned. For this reason the tuned
r.f. type receiver is somewhat more costly
and more difficult to build. In one form such a
receiver has two separate tuning dials — one
for the input circuit to the r.f. tube and one

for the input circuit to the detector. The
obvious inconvenience of tuning these two
controls has led to the development of receiv-
ers in which the two tuning condensers are
‘““ganged.” The construction of a receiver of
this type is a work requiring a little more skill,
and had best be attempted after experience
has been gained with the simpler types.

T.R.F. Autodyne with Band-Spread
and General Coverage Tuning

A tuned radio frequency regenerative type
receiver using shielded plug-in coils, with
switching to give a choice of amateur-band
spreading or general coverage tuning, is illus-
trated with its power supply in Fig. 715 and
the two succeding photographs. As shown in
Fig. 716, the tube line-up consists of a t.r.f.
pentode stage, regenerative detector and two
audio stages, the output amplifier being a
power pentode for loud-speaker operation.
The two-section coil switch, SW;, operates to
connect the ganged main tuning condensers in
the r.f. and detector circuits across the whole
of each coil for general coverage or across part
of each coil for amateur band spreading. Each
coil unit is equipped with a small compression-
type trimmer condenser (C3 and Cy) for indi-
vidual alignment of the circuits, and the r.f.
circuit also has a panel-control trimmer, Cs,
to peak the r.f. tuning and compensate for
antenna variations.

As shown in the general view of Fig. 715,
at the left of the base are the 6C5 first audio
amplifier in front and the 6F6 output pentode
at the rear, placing the audio circuits well
away from the r.f. The double-gang tuning
condenser, Cy, Cq, is in the center, behind the
National Type A tuning dial. At the right of
this condenser are the sub-base mounted
National 6-prong coil sockets, into which the
National Type PBI10 shielded coil units plug,
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FIG. 714 — A TYPICAL RADIO-FREQUENCY AM-
PLIFIER CIRCUIT WITH BIAS GAIN CONTROL
It is suited to any of the variable-u r.f. amplifier
tubes such as the 58, 78, 6D6, 6K7, ete. With non-
pentode types the suppressor-grid connection shown
would be omitted. The value of the fixed cathode
resistor will depend upon the tube type; values of the

gain-control and bleeder resistors are discuased in the
text.
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the r.f. coil unit in front and
the detector coil unit to the
rear. Alongside these are the
6K7 r.f. tube in front and
the 6K7 detector tube at
the back with a bafile shield
bent froma pieceof 1/16-inch
aluminum.

The steel chassis measures
12 by 7 by 3 inches and the
electralloy panel 14 by 7
inches. The bottom view of
Fig. 717 shows the sub-base
arrangement, with the audio
volume, regeneration, send-
receive switch, r.f. trimmer
and r.f. gain controls along
the front of the base, from
left to right. The coil-tap
switch, SW,, is between and
slightly to the left of the r.f.

and detector tube sockets at FIG
the extreme right. The con-

trol-grid lead of the r.f. stage runs directly
from terminal (1) of the r.f. coil to one contact
on this switch and then through a rubber
grommet in the base to the tube’s grid eap.
The grid leak and condenser of the detector,
RyC7, connect on one side to terminal (3) of
the detector coil socket and on the other side
to the grid lead, running to the detector tube’s
grid cap through a rubber grommet in the
base. The remaining connections in the r.f.
and detector circuits are short and direct. Note
that the antenna input leads and the lead
from the r.f. plate to the detector coil primary
are run through copper braid which is grounded

»« 717 — BOTTOM YVIEW OF THE T.R.F. AUTODYNE

to the chassis, as indicated on the diagram.
The coils, which depart from the convention-
al, should be copied closely. The forms are
made from a 36" dowel, 1’ in diameter, cut
into 3” lengths. The twelve forms are boiled
in beeswax until the wood is thoroughly im-
pregnated. Then each piece should be drilled
14" deep with a No. 45 drill in the center of
each end and at intervals of }{” along oneside.
The holes at the ends are for the screws which
hold the forms to the PB10 bases. Inserted in
the holes along the sides are 34’ lengths of No.
12 wire, used as a combination anchorage and
terminal connection for the windings.

FIG. 715— A TUNED RADIO FREQUENCY TYPE RECEIVER USING SHIELDED PLUG-IN COILS WITH
SWITCHING FOR AMATEUR BAND-SPREADING OR GENERAL COYERAGE ON EACH RANGE
The voltage-regulated power supply (at the right) is described in Chapter Fourteen
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The mica trimmers, adjustments for which
may be made through the hole in the top of
the can, are mounted at the opposite end. It is
important that the rotor ends of these trimmers
connect to ground and that the stator ends be
held in firmly to the forms by wood screws.

All coils are wound in the same direction.
The primary of the detector coil is inter-wound
with the grid coil (between turns) on all except
the 160-meter coil, where it is wound over the
grid end.

When the wiring has been completed and
the first pair of coils has been wound, the
receiver is ready for test and preliminary tun-
ing alignment. A calibrated test oscillator or
signal generator may be used if available.
Otherwise, connect an antenna and tune for
signals, starting with the coil switch in the
band-spread position. The regeneration con-
trol should be advanced to the point where a

R.F AMP
6K7

DET
6K7

slight “plop”” and hissing sound indicate that
the detector is oscillating. Then the r.f. trim-
mer, Cj, should be adjusted for maximum
‘“hiss,”” the regeneration control being kept
at the point where oscillation just starts. The
r.f. gain control should be kept slightly below
the full-on position and the audio volume
control set to give a suitable output level.
After this preliminary lineup, the coil trimmer
C4 of the detector should be set for detector
resonance on a signal having a frequency near
the middle of the band, with the main tuning
control at mid-scale. Then the r.f. coil trimmer
should be set for peak response, with the r.f.
trimmer Cs near minimum capacitance. The
other coils are similarly lined up. It will be
noted that the r.f. trimmer adjustment will
affect the regeneration setting and shift the
detector tuning slightly. For best sensitivity,
this trimmer should be set to allow oscillation
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FI1G. 716 — CERCUIT OF THE T.R.¥. AUTODYNE

Li, Lz, L3, L4 — R.f. and detcctor coil windings. (See
tablc.)

), C2 — Dual midget variable. 100-gufd. per scetion
(Hammarlund MCD 100S8).

3, Cq — 30-pufd. tritnmer condcensers, oue in each coil
unit (National M30).

C5— 100-pufd. 1mnidget condenser (Hammarlund MC
1008).

Cg — 0.01-ufd. paper tubular condcnser.

C7 — 100-pufd. mica fixed condenser.

Cs — 0.002-ufd. mica fixed condcnser,

Cg — 0.001-ufd. mica fixed condenser.

C10 — 0.5-ufd. paper condenser.

Ci1 — 5-pfd. 35-volt dual electrolytic condenser (Tobe
T325).

Ci2 — 8-ufd. 500-volt electrolytic condenser (Tobe
ET58).

Ri — 300-ohm Y-watt resistor.

1tz — 10,000-ohm potentiometer (r.f. gain control).

Kz — 0.25-megohm Y-watt.

R4 — 50,000-0hm 2-watt,

KRs — 5-megohm Y-watt grid leak.

Ré — 10,000-0ohm potentiometer (regeneration con-
trol).

R7 — 50,000-ohm l-watt.

Rs — 500,000-ohm volume control.

Ro — 3000-ohm l-watt.

Rio — 50,000-ohm Y$-watt.

K1 — 500,000-ohm Y-watt.

Ri2 — 500-ohm 2-watt.

RFC — 2.5-mh. r.f. chokes (National R-100).

CIH — Screen-grid detector audio coupling choke
(Thordarson T2927).

SW; — D.p.d.t. rotary switch (Eby Type 35).

SW2 — D.p.d.t. toggle switch.

J — Closed circuit jack for phones.
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at the lowest possible voltage setting of the
regeneration control.

A regenerative receiver of this type is sus-
ceptible to hum modulation from an inade-
quately-filtered power supply, and good volt-
age regulation is essential for stability. A
regulated power supply such as is illustrated
with the receiver in Fig. 715 is recommended.

SUPERHETERODYNE RECEIVERS

Ar aE beginning of this chapter it was ex-
plained that the superhet-type receiver differs
from the simpler regenerative autodyne types
in that the incoming signal frequency is first
converted to a fixed intermediate radio fre-
quency and is then amplified at that frequency
prior to audio-frequency detection. This proc-
ess results in several benefits which make the
superhet the preferred type of receiver for
communications work. It is possible to secure a
great deal more amplification, with stability,
at the lower radio frequencies; furthermore,
because the amplification is done at a fixed
frequency the sensitivity tends to be more uni-
form over a wide range of input-signal fre-
quencies. Also, at the intermediate frequencics
ordinarily used, much greater selectivity is pos-
sible than at signal frequencies; again, the
selectivity is practically unaffected by the fre-
quency to which the input circuit may be
tuned. Further advantages are greater receiver
stability than is possible with the autodyne,
accompanied by the ability to handle stronger
signals without loss of effective selectivity.
Because of the greater selectivity that can be
attained, the sensitivity of the superhet re-
ceiver can be made higher than that of auto-
dyne types.

In home-constructed superhet receivers, the

T.R.F. AUTODYNE RECEIVER COIL TABLE

1.75-Mc. Bandspread (1150 to 1800 kc. General
Coverage

L1 — 78 turns No. 28 d.s.c. close wound, tap(5) 42 t.
from ground.

L2 — 21 t. No. 28 d.s.c. closewound.

L3 — 25t,No.28d.s.c. closewound overgrid end of L4.

Ls — 103 t. No. 28 d.s.c. closewound tap (6) at 67 t.
and (4) at 25 t. from lower end.

3.5-Mc. Bandspread (2.0 to 3.4 Mc. General
Coverage)

Ly — 51 t. No. 24 d.s.c. closewound, tap (5) 20 t.
from ground.

L2 — 13 t. No. 28 d.s.c. closewound

L3z — 19 t. No. 28 d.s.c. wound over middle of L4.

Ls— 51t. No. 24 d.s.c. closewound from (3) to (4),
tap (6) 20 t. from ground; 18 t. No 28d.s.c.
closewound from (4) to (5).

7-Mc. Bandspread (3.8 to 6.2 Mc. General

Coverage)

Ly — 21 t. No. 24 d.s.c. spaced 1}{ in. long, tap (5)
5t.from ground.

La — 10 t. No. 28 d.s.c. closewound.

L3z — 13 t. No. 28 d.s.c. wound over grid end of L4.

Ly — 21t. No. 24 d.s.c. spaced 1} in. long from (3)
to (4), tap (6) 5 t. from ground; 13 t. No. 28
d.s.c. closewound (4) to (5).

14-Mc. Bandspread (6.4 to 12.7 Mc. General

Coverage)

L1 — 14 t. No. 24 d.s c. spaced 14 in. long, tap (5)
3t.from ground.

L2 — 6 t. No. 28 d.s.c. closewound.

L3 — 8 t. No. 28 d.s.c. wound over grid end of Ls.

L4 — 14 t. No. 24 d.s.c. spaced 14 in. long from (3)
to (4), tap (6) 3 t. from ground; 7 t. No. 28
d.s.c. closewound from (4) to (5).

28-Mc. Bandspread (24 to 45-Mc. General

Coverage)

L1 — 7 t. No. 24 d.s.c. spaced 14 in. long, tap (5)
3 t.fromground.

L2z — 4 t. No. 24 d.s.c. closewound.

L3 — 4 t. No. 24 d.s.c. interwound at grid end of L4.

Ls— 7 t. No. 24 d.s.c. spaced 1}{ in. long from (3)
to (4), tap (6) 34 t. from ground;4t. No. 24
d.s.c. closewound from (4) to (5).

FIG. 718 —ILLUSTRATING THE CONSTRUCTION OF THE COILS, AS
DESCRIBED IN DETAIL IN TIIE TEXT
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regenerative principle which
contributes so much to the
effectiveness of the auto-
dyne receiver can be incor-
porated to secure a high or-
der of overall performance
from a small number of
tubes. The superhet receiv-
ers in this chapterallemploy
regeneration in one form or
another for this purpose. To
a considerable extent, there-
fore, the success of the re-
ceiver will depend upon
skill in operation as well as
construction, a skill which
can be obtained readily by
intelligent and observant
practice.

In commercial receivers,
regeneration usually is
avoided in order to make
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operation simple and convenient. Whether
or not regeneration is used, the principles out-
lined in the following discussion of superhet
circuit features are equally valid.

Input Circuits for Best Image and
Noise Ratio
A peculiarity of heterodyne action is that
one of the two frequencies which are combined
may be either higher or lower than the other

PARALLEL

70 Antenna

= —

Sipgle-wir
o

FIG. 719 — TUNED ANTENNA COUPLING CIRCUITS
TO REDUCE IMAGE RESPONSE AND IMPROVE
SIGNAL-NOISE RATIO

Connections to standard 5- and 6-prong coil forms
are indicated. In general, inductances must be ad-
justed by experiment for optimum results. in the
parallel-tuned circuits, L1 should be of sufficient in-
ductance to resonate on the desired hand in conjunc-
tion with C1 (100 yufd.). With series tuning, the num-~
ber of turns required on L1 probably will be small.
L2, the link coupling coil, should have from two to
five turns, depending upon the band and the input
circuit of the particular receiver used.

(by the proper frequency difference) and still
give the same beat-frequency output. The os-
cillator frequency in the superhet receiver usu-
ally is made higher than the desired signal fre-
quency by the amount of the intermediate
frequency; however, there is possibility of first
detector i.f. output from a second signal
higher (by thei.f.) than the oscillator frequency.
This will occur if there is insufficient selectivity
ahead of the first detector to prevent such sig-
nals from reaching the mixing circuit. Such un-
desired signals are referred to as images, and
the relative ability of a receiver to discriminate
against them is termed its image ratio; that is,
the ratio of image-frequency signal voltage

to desired-frequency signal voltage required to
give the same receiver output.

Using the conventional 450-465 kec. inter-
mediates, image ratios of several hundred are
obtainable at the lower amateur frequencies
with but one non-regenerative input circuit,
but to maintain such ratios above 7000 ke. and
especially above 14 Mec., requires considerably
greater input selectivity. Two tuned circuits
(one r.f. stage preceding the detector input
circuit) will give image ratios ranging from
over 10,000 at 1.75 Me., through approxi-
mately 1500 at 3.5 Mec. and 150 at 7 Mec., to
only 50 at 14 Mec. Higher ratios can be ob-
tained by using an i.f. of the order of 1600 ke.,
but the i.f. selectivity and gain are lower for
the same number of stages.

One simple method of improving the image
ratio is to tune the antenna circuit, as shown
in Fig. 719. The ratios can be made higher by
introducing regeneration in the pre-selecting
circuits, which has the effect of increasing the
strength of the desired signal without affecting
the response to the image. One way to intro-
duce this “‘ negative resistance’’ effect is to con-
nect a separate regenerative circuit in parallel
with the superhet’s input circuit as shown
in Fig. 720, connecting the antenna terminal
of a simple regenerative detector to the an-
tenna terminal of the superhet. The regenera-
tive circuit is tuned to the same frequency
and operated just below the point of oscilla-
tion. Alternatively, the r.f. or first-detector
circuit of the superhet can be of the regenera-
tive type, using one of the feed-back arrange-
ments shown for simple regenerative detectors.
Regeneration tends to make the gain non-uni-
form over wide frequency ranges, however, and
hence is best applied to amateur-band ranges
only, where frequent readjustment with tun-
ing probably will not be required. Commercial
practice is to avoid regeneration and depend on
additional tuned circuits for image suppres-
sion.

A simple and inexpensive method of sup-
pressing images that is fairly effective and
entirely practical is a wavetrap placed in the
antenna circuit and tuned to the image, intro-
ducing high impedance right at the unwanted
(image) frequency. It is easy to install, as

Jor2
turns

mi—;
© B T [

FIG. 720 — A SEPARATE REGENERATIVE CIRCUIT
IMPROVES THE INPUT SELECTIVITY

No constructional changes in either superhet or re-
generative detector are required.
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shown in Fig. 721-A and -3, For the usual i.f.
of approximately 450 ke. the images are about
900 ke. higher than the desired-signal fre-
quency. Thus a trap cireuit resonating 900 ke.
above the signal frequency can be used, intro-
ducing only low values of impedance at the
amateur-band frequency. Such a trap is broad
cnough so that it seldom requires adjustinent
if once set at the center of the frequency range
it is desired to eliminate. It can be tuned easily
for maximum suppression of any particular
frequency, however. It produces an improve-
ment of at least several times in the signal-to-
image ratio.

Capacitive coupling resulting fromn the stray
capacitance of antenna and tuned-circuit coils
also aggravates image response. This can be
reduced by the use of an electrostatic screen be-
tween the two coils, as shown in Fig. 722. The
screening can be made up by space-winding
No. 24 d.c.c. wire on a cylinder of celluloid
temporarily supported on a 3-inch diameter
form, and then treating the winding with
liquid Vietron, Q-Max or other dielectric
‘““dope.” When the winding is thoroughly dry
the form is removed and the cylinder cut
lengthwise to form a rectangle. The wire ends
along one edge are soldered together to a wire
for the ground connection, the ends at the
other edge being left separated. Such screening
is also effective in preventing some noise pick-
up at the receiver’s input circuit.

A tuned antenna circuit or radio-frequency
amplifier not only improves the image ratio,
but is also effective in improving the signal-to-
noise ratio of the receiver. Some compromise is
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FIG. 721 — CIRCUITS FOR TWO TYPES OF WAVE-
TRAP' IMAGE REJECTORS

Type A is fitted with plug-in eoils and is intended
for use external to the receiver. The coils, L., are wound
on 1 Y-inch diameter plug-in forms, 30 turns for the
3.5-Mc. range, 14 turns for 7-Mc., 7 turns for 14-Mec.
The tuning condenser C ix a 140- or 150-uufd. midget,
Sw is a single-pole single-throw shorting switch.

Type B is more adaptable to mounting within the
reeciver, eoupled induetively to the antenna lead an
shown or directly in series with the lead. It should be
shiclded from the receiver input. For rejection of
images in the 7- and 14-Mc. ranges, where image
trouble is likely to he most pronounced, the coil 1.1
shonld have 14 turns on a 1Y-inch diameter form,
with a tap at the sixth turn from the “set’’ end. A
single-section three-position tap-switch SW) selects
all or part of the coil, or shorts the trap. C; is a 150-
ppfd. midget condenser,
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FIG, 722— A SUGGESTED ARRANGEMENT FOR
BALANCED INPUT COUPLING WITIT A FARADAY
SIHELD TO MINIMIZE CAPACITY EFFECTS

L1 and L2 each may be 4 turns or 50 on a tube-hase
form. The coil sizes and degree of coupling are not
especially critical, one combination being satisfactory
for all bands.

necessary in reconciling the two considerations
of image suppression and sensitivity, however.
Image suppression will generally be better
as the coupling between antenna and input
circuit is looser, while signal-to-noise ratio will
be better with closer coupling. The ultimate
limit on sensitivity is the noise originating in
the first circuit of the receiver, as was pointed
out earlier in this chapter. It is therefore im-
portant to make the signal voltage in the first
tuned circuit as large as possible, to compete
with the thermal agitation voltage; and to
obtain the best amplification possible in the
first stage, to make the signal voltage as large
as possible in comparison with the tube-noise
voltages in the plate circuit of the first stage.
Tube noise is dependent upon the type of tube
used, so that proper selection of tubes also is
desirable. The 6K7 is generally used in r.f.
stages, but newer types such as the 1851 and
1852 are somewhat less noisy, so that their in-
stallation often will effect an improvement in
this respect. However, the input resistance of
these tubes is lower than that of the 6 K7 at
the rated grid voltage, so that it is necessary to
use greater-than-normal bias to preserve the
image ratio. The effective amplification is
therefore about the same. A radio-frequency
amplifier has more gain than a first detector,
which makes the r.f. pre-selector stage ad-
vantageous in overcoming tube noise.

Frequency Conversion

The frequency converter (first detector or
mixer) is an important part of the superhet re-
ceiver. In all practical communications super-
hets the mixer and oscillator circuits, essential
to frequency conversion, are separate. Al-
though sometimes the two functions are per-
formed by a single tube of a special type, in
general more satisfactory performance re-
sults, especially at the higher frequencies, when
separate tubes are used.

Several varieties of both mixer and oscillator
circuits may be used, and almost any combina-
tion of the two is possible. Fig. 723 shows a
number of representative mixer circuits, with
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the point at which the uscillator voltage is
introduced indicated in each case. In A, the
screen-grid tube functions as a plate detector;
the oscillator voltage is applied to the grid of
the tube in parallel with the tuned input cir-
cuit. The conversion gain (ratio of i.f.-voltage
output to signal-voltage input) and input se-
lectivity are generally good so long as the sum
of the two voltages (r.f. and oscillator) im-
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FIG, 723 — REPRESENTATIVE MIXER OR FIRST
DETECTOR CIRCUITS

‘These may be used in conjunction with the oscilla-
tor circuits of Fig. 725. 4, grid injection; B, suppressor
injection; C, cathode injection, all with pentode
detectors; D, electron coupling with pentagrid or
hexode mixers; E, electron-coupling with 6L7 mixer.
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pressed on the grid does not exceed the grid
bias. It is desirable to make the oscillator volt-
age as high as possible without exceeding this
limitation. The oscillator voltage required is
small and the power negligible. As an alterna-
tive to the oscillator coupling condenser shown,
the oscillator may be coupled to the screen-
grid so that the screen-to-control-grid capacity
performs the same function as the condenser.

In B the suppressor grid of a pentode-type
detector is used as the means for introducing
the oscillator voltage into the mixer circuit.
The oscillator voltage required, while greater
than in the case of control-grid injection, is not
critical. The suppressor must be maintained at
an average voltage considerably negative with
respect to the cathode for good conversion.
This, however, lowers the plate impedance of
the first detector and tends to lower the gain.

In C the r.f. oscillator voltage is injected into
the cathode circuit of the mixer across the bias
resistor, giving effective grid modulation. The
100-ohm resistor in the cathode lead, in series
with the 0.01-ufd. blocking condenser, mini-
mizes undesirable detector reaction. This ar-
rangement gives good conversion gain at the
higher frequencies but may tend to cause ex-
cessive regeneration unless the circuit is care-
fully proportioned. The shortest possible con-
nection between the oscillator and detector
cathode should be made and the two circuits
should be otherwise isolated by thorough
shielding.

A pentagrid-converter tube is used in the
circuit at D. 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 to its
No. 2 grid as shown. The circuit gives good con-
version efficiency, and because of the electron
coupling gives desirable isolation between the
mixer and oscillator circuits. This helps pre-
vent ‘‘pulling,” or change in oscillator fre-
quency with tuning of the mixer input circuit.
Pulling of the oscillator frequency is especially
undesirable in sets in which the mixer is
coupled to the antenna, since a slight change in
the antenna constants will affect the oscillator
frequency and thereby introduce instability.

Circuit E, using the 6L7 mixer tube, has
features which correct to some extent the sev-
eral deficiencies encountered in conversion
circuits of the other types. The space-charge
coupling between detector input and oscillator
circuits which characterizes the -A7 and -A8
pentagrids is largely eliminated, while the low-
ering of plate impedance which is character-
istic of suppressor injection in a pentode is
absent, since the oscillator grid (No. 3) is com-
pletely screened and is backed up by a separate
suppressor grid. A smaller oscillator voltage is
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required for good conversion than with sup-
pressor injection. The value of oscillator volt-
age can vary over a considerable range without
affecting the conversion gain. The lack of criti-
cal adjustments and the effective oscillator-
mixer isolation afforded by this circuit have
led to its use in the several complete receivers
described in this chapter.

Typical combination mixer-oscillator ecir-
cuits are shown in Fig. 724. That at A is for
pentagrid converters, while B uses the re-
cently-developed triode-hexode converter tube,
the 6K8. The pentagrid arrangement is not
particularly desirable for high-frequency work
because the output of the oscillator drops off as
the frequency is raised and because the two
sections of the tube are not well-enough
isolated to prevent space-charge coupling and
pulling. The 6KS8, really two tubes in one, has
a better triode section and overcomes some of
the defects of the pentagrids, especially at the
higher frequencies. The oscillator circuits in
both cases are similar to those discussed in the
next section.

Oscillator Circuits — Stability and Tracking

In addition to the *pulling” effects previ-
ously emphasized, inherent stability in the
high-frequency oscillator is highly important
in amateur-band receivers. Variations in oscil-
lator frequency with changes in supply voltage
and with heating (drift) are of particular im-
portance. A screen-grid type oscillator has an
inherent tendency to maintain constant fre-
quency with changes in supply voltage because
of the compensating action when both plate

2A7, 6AT, 6A8, etc.
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FIG. 724 — COMBINATION OSCILLATOR-MIXER
CIRCUITS USING DUAL-PURPOSE TUBES

A, circuit for pentagrid converters; B, circuit for the
6K8 triode-hexode mixer.

57,6(6,6J7 etc.

and screen voltages
are changed in the
same direction. Spe-
cial arrangements
with triode oscilla-
tors can be made to
give similar results;
for instance, the os-
cillator plate voltage
can be taken from a
power supply in
which tubes are used
to maintain a nearly
constant output
voltage. (See Chap-
ter Fourteen.)

In all these cir-
cuits it is essential
6J5 that the oscillator
be shielded from the
mixer. Coupling
other than by the
means intended, es-
pecially between the
tuned circuits, will
result in “pulling”
and will render ac-
curate tuning diffi-
cult. Several types
of oscillator circuits
are shown in Fig.
725; in many cases
one can be substi-
tuted for another
(D) without affecting

+250

——> +250

FIG. 725 — HHGH-FREQUENCY OSCILLATOR
CIRCUITS

A, electron-coupled oscillator, with output taken
from plate circuit; B, screen-grid grounded-plate
oscillator; C, triode grounded-plate oscillator; D,
triode, tickler circuit. Coupling to mixer may be taken
fram points X and Y. In B and C, coupling from Y will
reduce pulling effects, but gives less voltage than from
X it is therefore best adapted to those mixer circuits
with small oscillator-voltage requirements. Circuit A
is practically free fram pulling, but the oscillator out-
put power is low; hence the circuit is best suited to grid
injection in the mixer.

the functioning of the detector or mixing
circuit. In triode circuits, the 6J5 tube is to be
preferred. The circuit at D with grounded
cathode, is helpful in preventing hum modu-
lation of the signal at the highest frequencies.

Where ganged tuning control of oscillator
and signal-input circuits is used, it is necessary
to maintain a constant frequency difference
throughout the tuning range, this difference
being equal to the intermediate frequency.
For the narrow ranges of the amateur bands,
particularly above 7 Mec., this can be accom-
plished to a fair extent with equal-capacitance
condensers in the several tuning circuits,
simply by making the oscillator inductance
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FIG. 726 — CONVERTER CIRCUIT TRACKING
METHODS

Approximate circuit values for 450- to 465-kc. inter-
mediates with tuning ranges of approximately 2.15-
to-1, C1 and C2 having a maximum of 140 uufd. and
the total minimum capacitance, including C3 or C4,
being 30 to 35 uufd.

Tuning Range L ‘ L2 ’ Cs
m |
1.7-4 Mec. 50 uh. 40 uh | 0.0013 ufd.
3.7-7.5 Mec. 14 uh. 12.2 uh. ‘ 0.0022 ufd.
7-15 Mec. 3.5 uh. 3 uh. 0.0045 ufd.
14-30 Mc. ‘ 0.8 uh. | 0.78 uh None used
| |

Approximate values for 450- to 465-kc. i.f. with a
2.5-to~1 tuning range, C; and C2 being 350 uufd.
maximnm, minimum capacitance including C3and
C4 being 40 to 50 uufd.

| |
Tuning Range L Ls Cs
|
0.5-1.5 Mc. 240 uh. | 130 uh. 425 pufd.
1.5-4 Mc. 32 uh. 25 uh. 0.00115 ufd.
4-10 Mc. 4.5 uh. 4 uh. 0.0028 ufd.
10-25 Mec. 0.8 uh. 0.75 uh. None used
|

sufficiently smaller than the signal-frequency
circuit inductance. For more precise tracking
over the tuning ranges, especially at the lower
frequencies, a tracking capacitance in series

with the oscillator tuning condenser is used.
Two typical arrangements are shown in Fig.
726. As indicated on the diagrams, the tracking
capacitance Cy commonly consists of two con-
densers in parallel, a fixed one of somewhat less
capacitance than the value needed and a
smaller variable in parallel to allow for adjust-
ment to the exact proper value. In practice,
the trimmer capacitance Cj is first set for the
high-frequency end of the tuning range and
then the tracking capacitance is set for the
low-frequency end. The tracking capacitance
becomes larger as the ratio of the oscillator
to signal frequency becomes nearer to unity
(that is, as the tuning frequency becomes
higher). Typical circuit values are given in the
accompanying table.

Intermediate-Frequency Amplifiers

The intermediate-frequency amplifier (i.f.
amplifier) of a superhet is, as mentioned, sim-
ply a tuned radio-frequency amplifier designed
to work at a fixed frequency, generally in the
region of 450 to 500 kc., occasionally around
1600 kc. The tuned circuits of i.f. amplifiers
usually are built up as transformers, consist-
ing of a shielding container in which the coils
and condensers are mounted. The coils are of
the universal-wound or honey-comb type
and are very small in size so that the mag-
netic field will be restricted. Both air-core and
powdered-iron-core coils are used, the latter
having somewhat higher @’s and, hence,
greater selectivity and gain per unit.

Variable tuning condensers are of the midget
type and may have either mica or air dielectric,
air-dielectric condensers being preferable for
short-wave superhets because their capacity is
practically unaffected by changes in tempera-
ture. 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 stability is of great importance in highly
selective i.f. amplifiers or single-signal super-
hets equipped with quartz crystal filters be-
cause a slight change in tuning capacity can
greatly impair the performance of the receiver.

Intermediate-frequency amplifiers usually
consist of one or two stages. With modern
tubes and transformers, two stages at 455-465
ke. will give all the gain usable, considering the
noise level. If regeneration is introduced into
the i.f. amplifier — as is described later —a
single stage will give enough gain for all prac-
tical purposes.

Typical circuit arrangements for three types
of transformers are shown in Fig. 727. Alterna-
tive methods of gain-control biasing, by-
passing and decoupling are indicated. The
method of returning all by-passes to the cath-
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FIG. 727 — L.F. AMPLIFIER CIRCUI'LS FOR THREE
TYPES OF TRANSFORMERS. A, DOUBLE-TUNED;
B, TRIPLE-TUNED; C, HIGH-GAIN IRON CORE

ode shown in C is recommended in high-gain
circuits using iron-core transformer units.
Where two such stages are used there will be a
tendency to instability and oscillation because
of the high gain, and careful circuit arrange-
ment is necessary. It is also advisable to use
tapped transformers in such cases, thereby
reducing the gain per stage but obtaining the
increased selectivity which is possible.
Variable Selectivity

Transformers giving variable selectiv-
ity are being used to considerable extent
in current receivers. One method of ac-
complishing this is by variable coupling g
between the coils of the transformers,
employing mechanical adjustment, over
a range from slight over-coupling to relatively
loose coupling, giving a selectivity curve that
varies from double-humped to very sharp. The
band-width variation obtainable is approxi-
mately 7-to-1.

Another method is illustrated in Fig. 728.
The special transformer has a winding Lz in ad-

same function as the detectorin
the simple receiver, but usually
operates with a higher input
level because of the relatively great r.f.
amplification which is obtained in the pre-
ceding i.f. stages. Therefore, in the secondl
detector of the superhet the aim is to have
ability to handle large signals without distor-
tion rather than to have high sensitivity. Grid-
leak and plate detection are used to some
extent, but the diode detector is the most
popular. 1t is especially adapted to furnishing
automatic gain or automatic volume eontrol
(a.v.c.) as a by-product of its detector opera-
FIRST DET. Varablelolectivly gt tmp
Grid

Av.C.

+8

TO OSC.

FIG. 728 — CIRCUIT OF L.F, TRANSFORMER WITH

VARIABLE SELECTIVITY OBTAINED BY ELEC-

TRICAL VARIATION OF MUTUAL COUPLING AND
SECONDARY INDUCTANCE
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tion, which gives it an additional advan-
tage. A wide variety of combinations
will be found, including circuits using
multi-element tubes which include diode
elements, but all are basically the same.

Beat Oscillators for Code Reception

A beat oscillator is always the com-
panion to the second detector in ama-
teur-band superhets, being used for
heterodyne action in the detector circuit
for c.w. telegraph reception. The oscil-
lator circuits themselves are of the same
types as those used for the frequency
conversion in the high-frequency end of
the receiver, but tuned near the i.f. fre-
quency. The oscillator may be coupled
to the second detector through a small
coupling condenser. One consideration
in the beat oscillator which is especially
important is that every precaution
should be taken to prevent its output,
particularly harmonics of its fundamental
frequency, from reaching the earlier cir-
cuits of the receiver. This is taken care of
by proper shielding and filtering of its
supply circuits, and by operating it at
as low a plate voltage as permissible.

A FIVE-TUBE DOUBLE-RE-
GENERATIVE SUPERHET

Tae foregoing discussion has made

RECEIVER DESIGN AND CONSTRUCTION

FIG. 729 — TOP VIEW OF THE FIVE-TUBE SUPERIIET

The high-frequency eoscillator tuning condenser, in the
center foreground, is gunged to the mixcr circuit in the shield
compartment. The i.f. transformer is directly in Lack of the
mixcr tube, and the grid lcak and condenser are mounted
directly on thc grid lead to the second detector. The audio
coupling chokc and audio amplificr tube are to thc left of the
sccond detector. The b.f.o. unit and tube are directly in back
of the drum dial. The eoscillator tuning condenser is sup-
ported above the chassis by two brass posts.

it plain that for best all-around perform-

ance the h.f. oscillator and mixer circuits
should use separate tubes, and the same also
is true of the second detector and beat os-
cillator. To keep down the number of tubes
in the receiver, therefore, it is necessary to
employ regeneration to provide gain and
selectivity. The receiver of Fig. 729 is designed
on this principle.?

Instead of the customary i.f. amplifier a
regenerative second detector is used, with a
separate beat-frequency oscillator which avoids
‘““blocking’ on strong signals, a disadvantage
of autodyne detectors. An audio stage provides
coupling to the headphones or speaker. The
receiver uses an intermediate frequency of
1600 kc. to reduce image response and a regen-
erative mixer to increase the gain at signal fre-
quency. A high-C high-frequency oscillator
circuit is used for stability, and a low-C signal
circuit for maximum gain. The oscillator and
mixer tuning controls are ganged together.

The mixer is a 6L7G, chosen because of its
excellent characteristics and lack of necessity
for critical adjustment of oscillator voltage.
The high-frequency oscillator is a 6J5G. A
6K7G is used for the second detector because it
goes in and out of oscillation smoothly, besides
providing sensitivity. The beat-frequency oscil-
lator is a 6K7 and the audio amplifier a 6C5.

Fig. 730, the circuit diagram, shows that
most of the details are straightforward and con-
form to usual practice. The No. 3 grid of the
mixer tube is coupled directly to the grid of the
high-frequency oscillator, and the mixer and
oscillator tuning circuits are band-spread by
the tapped-coil method. The completeness of
tracking will depend on the patience of the
builder in getting just the right spread by
means of the taps. However, since the mixer
padding circuit is adjustable from the panel, it
is not necessary to make the two circuits track
exactly. If the coil dimensions given are fol-
lowed closely, the tracking will be quite good.

The mixer regeneration control is a variable
resistor placed between two fixed resistors,
giving a variation in screen voltage from 50 to
200 volts. The second detector employs a tuned
cathode circuit for regeneration. The detector
is coupled to the audio tube by means of a 0.1-
ufd. condenser and a 500-henry choke. Suitable
r.f. filtering is used before the high-inductance
choke to prevent ‘“motorboating” or ‘“‘howl-
ing.”

There is no connection between the b.f.o. and
the second detector. This results in slightly-
below-optimum coupling between oscillator
and detector for strong signals, with conse-
quent ‘“‘limiter”” action. However, the coupling
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is just about right for weak signals, whieh is
favorable to the signal-to-noise ratio. If it is
found that too much oscillator voltage reaches
the second detector, the voltage to the plate of
the b.f.o. can be reduced, and if too little
oscillator voltage is being fed to the detector
the coupling can be increased by bringing a
piece of insulated wire near the two circuits.
The b.f.o. is made to turn off, for 'phone re-
ception, by bending over one corner of the rotor
plate of C5, which shorts with the stator plate
in the extreme position.

To facilitate home construction, shielding is
reduced to a minimum. The first detector
portion of the set is housed in a separate box,
434" X 634" X 434" high, with are movable lid
for changing coils. The chassis is made by
bending a 914" X 1614{” piece of 3/32" alumi-
num into a shallow “U” with 214" sides and
fastening on a rear strip and the 14" X 614" X
13" panel with 1{” square brass rod. The pho-
tographs show the construction. Care should be
taken to make the chassis rigid, to insure sta-

bility. After all the holes have been drilled, the
chassis and panel may be given a dull finish
by soaking them in a lye solution for about
fifteen minutes.

To avoid variable ground paths as the dial
is turned, an insulated flexible coupling is used
between the dial and the oscillator tuning
condenser. This obviates a tendency of the
frequency to “jump’ as the dial is turned.

Lining up the receiver is relatively easy. If
a modulated oscillator is available, set it at
around 1600 kec. (the exact frequency is un-
important) and connect its output to the grid
of the 6.7 mixer. Then tune thei.f. transformer
until the signal is the loudest. The b.f.o. con-
denser (on the side of the chassis) is set at half
scale and the trimming condenser in the shield
can is adjusted until a beat is obtained between
the b.f.o. and the 1600-kc. signal from the sig-
nal generator. If no signal generator is avail-
able, set the second-detector regeneration con-
trol to the point where the detector oscillates
and then adjust the b.f.o. until a beat is

11111211}

Antenna

" 6456 T RM—I i 6K7
=L J_ G 1B, [ G
= | L)
~ | Tt n e L '
= .‘EJQ Ru HEATERS 12 TR, | | . “'lj
= T S i_? i Cz-”“’ $Ra
c:o -=r.°r 'C
=3 22
+ 1 L% ke
250 =

FIG. 730 — CIRCUIT DIAGRAM OF THE FIVE-TUBE RECEIVER

Ci — 15-uufd. tuning condenser (Hammarlund HF15).

C2 — 35-uyufd. handset condenser (Hammarlund
HF35).

C3 — 35-uufd. tuning condenser (Hammarlund MC-
35-S).

C4 — 100-uufd. handset condenser (Hammarlund
HF100).

Cs — 2-plate midget variahle for heat-note adjust-
ment (Sickles ATR-21).

Cgy C7 — 100-pud. mica.

Cy, Cio0, C11, C13 — 250-uufd. mica.

C13 — 0.005-ufd. mica.

Cu, C15 — 0.01-ufd., 400-volt paper.

Cis — 0.1-ufd., 400-volt paper.

C17 =~ 0.5-ufd. 400-volt paper.

C18 — 5-ufd., 30-volt electrolytic.

Ci9 — 0.005-ufd. mioca.

Cz0, Ca1, C22— 0.01-ufd., 400-volt paper.

Ca23 — 0.1-ufd., 400-volt paper.

Ri — 300 ohms, }4-watt,

Rz — 40,000 ohms, }§-watt.

R3 — 0.25 megohm, }-watt.

R4 — 0.5-megohm potentiometer.

Rs — 1000 ochms, 1-watt.

Rs — 25,000 ohms, 14{-watt.

R7, Rg —15,000-ohm wire-wound potentiometer.
(Yaxley C15MP. Rotor must be insulated from
panel.)

Rs — 500 chms, 1-watt.

Rio— 30,000 chms, 10-watt wire-wound.

Ri1; — 10,000 ohms, 1-watt.

Ri2, Ri3 — 15,000 ohms, 2-watt.

RFC — 2.5-mh. choke.

L1, L2, L3 = See coil tahle.

Ls = 2.5~-mh. choke.

Ti: — 1600-ke¢. air-tuned i.f. transformer. (Sickles
8084. The grid lead, which is tapped down on
the coil in the transformer as it comes from
the manufacturer, must be moved to the
stator plates of the grid tuning condenser
before the transformer is used.)

T2, (L4, C24,R14, C8) —1600-kec. h.f.0. unit (Sickles 6631).

Ch — 500-henry audio impedance (Thordarson T-
3736).
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heard. The primary tuning of the
i.f. transformer is next adjusted to
the point where the regeneration
control must be advanced the
farthest to maintain oscillation.
The primary will then be in tune
with the secondary. If later it is
found that the i.f. frequency se-
lected falls on some broadcast har-
monic or other unwanted signal, a
slight readjustment will be nec-
essary.

Adjustment and trimming of the
r.f. coils follows the i.f. alignment.
With a mixer and oscillator coil
wound according to the table and
placed in the receiver, set the tun-
ing dial at the low-frequency end
of its scale and tune with the oscil-
lator band-set condenser C4 until
a familiar marker or amateur sig-
nal at the low-frequency end of the
particular band is heard. This ad-
justment should be with Cy4 set at
about 24 full capacity. Tune to the
other end of the band to check for
the bandspread of the oscillator.
If the band does not occupy e¢nough space on
the dial, move the tap that goes to the tun-
ing condenser C3 down on the coil. If there is
too much bandspread, move the tap up on the
coil.

To make the mixer circuit track with the os-
cillator, first tune in a signal at the high-fre-
quency end of the band and peak the signal
with the mixer band-set condenser (3. Then
tune in a signal at the low-frequency end of the
band and see whether Cy has to be increased or
decreased to peak the signal. If the capacity
has to be increased at the low-frequency end of
the band the tuning tap should be moved up
on the coil. If the capacity has to be decreased
to peak the signal, the tap should be moved
down. The adjustments should be not more
than a quarter-turn at a time on the 14- and
28-Mec. ranges, but can be half-turns at the
other frequencies. The tracking can be made
as complete as one cares to go — it is simply
a matter of patience. The total number of

RECEIVER DESIGN AND CONSTRUCTION
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FIG. 731 — BOTTOM VIEW OF THE FIVE-TUBE RECEIVER

A flexible shaft is used to turn the audio volume control at the
rear of the set. Any stray coupling is avoided by thus mounting the
audio volume control near the audio tube. The r.f. choke fastened to
the back of the chassis is used to make the second detector regenera-
tive, The switch ncar the drum dial turns off the plate voltage.

turns is right if Cs resonates at about half-scale.

Adjustment to the cathode tap on the mixer
coil comes next. It is desirable to have the
cathode tap and the antenna coil so propor-
tioned that the mixer goes into oscillation with
the regeneration control set at about 24 scale.
If the mixer goes into oscillation too soon,
i.c., with the regeneration control set at some-
thing much less than 24 scale, the cathode tap
should be made lower on the coil. The point at
which oscillation takes place can also be varied
by loosening the antenna coupling, either by
reducing the number of turns in Ly or by mov-
ing it farther away from L. All antenna-coil
adjustments should be made with the antenna
connected to the receiver.

When the ‘“‘front end” of the receiver is
working smoothly it may be worthwhile to
experiment a little with the second-detector
cathode condenser (ho. If oscillation of the
second detector takes place at something less
than 24 sctting of the regeneration control, C)p

* Tap turns counted f;ngrounded end of coil.

FIVE-TUBE SUPERIHET COIL TABLE

Ly Band L ‘L
Total Turnsand  Lengthof Cathode Spread Total Turns and Total Turns and  Length of Cathede B.S.
Band Wire Size Winding Tap* Tap* Wire Size Wire Size Winding Tap* Tap*
3.5 Mec. 39 No.24ds.c. 136" % 36 4 No.24d.s.c.clesewound 1534 No. 20 enam. 134" 5 14
7 26%% No. 20 enam. 134" % 8 4No.32d.s.c. b 14Y4 No. 20 ¢ 15" 5 12
14 124 No. 18 136" 34 3% 2No.24ds.e. " 636 No. 18 * 14" 2 32¢
28 5% No. 18 K" 1% 2 3No.32ds.c. * 2 No.18 * 1" % 134

All coils wound on 134" diam. Hamuurlund forms. L1 and Lz wound next to each other except on 7 Me. where spacing between L3
and Lais 37", All coi!s except 3.5-Me. L1 are space wonﬂi to occupy winding length given.
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should be made slightly smaller. It will be
found that the two regeneration controls inter-
lock slightly when both detectors are being
run too close to the oscillating point, but this
ean be avoided by running the mixer in a
slightly less regenerative condition.

In operation, the second detector is run in a
regenerative condition but not oscillating.
The b.f.o. is not tuned exactly to the same fre-
quency as the regenerative second detector,
but about 1000 cycles to either side. When this
is done the signal on one side of zero beat will
be louder than on the otherside. This condition
is only achieved when the second detector is al-
most oscillating, and proves very useful in
separating two signals quite close together.
Although the “‘single-signal’’ effect (sce later
section) obtained in this receiver does not ap-
proach that which results from the use of a
crystal filter or regenerative 450-kc. amplifier,
it does result in an S7 signal on one side of
zero beat being reduced to an S4 signal on the
other side. A little experimenting with the
adjustment will make the operator familiar
with the process of adjusting for maximum
single-signal effect.

No trouble should be experienced with image
response. The presence of images indicates
that the antenna coupling is too tight, and
loosening it should cure the trouble.

SINGLE-SIGNAL SELECTIVITY

In ordinary beat-note reception, the same
beat note can be obtained from a signal above
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FIG, 732 — A GRAPHICAL ILLUSTRATION OF SIN-

GLE-SIGNAL SELECTIVITY. THE SHADED AREA

INDICATES THE REGION IN WHICH RESPONSE IS
OBTAINABLE

as from another below the local oscillator fre-
quency. For instance, if the beat note on a de-
sired signal is 1000 cycles (with the oscillator 1
ke. lower than the signal frequency), another
signal 2 ke. lower than the desired signal will
also give a 1000-cycle beat note and interfere
ag if it were on the same frequency as the de-
sired signal. As shown by Fig. 732, this audio-
image interference is eliminated in the single-
signal superhet. This type of receiver resembles
the conventional superheterodyne of ordinary
selectivity, but has in addition an intermediate
circuit in which extremely high selectivity is
obtained either by means of a piezo-electric
filter (quartz crystal) or by regeneration.

Because of the high selectivity, the signal
voltage reaching the second detector drops to
a negligible value a few hundred cycles off
resonance, especially when the filter circuit is
of the quartz crystal type which can be ad-
justed to reject particularly at one frequency.
Hence, with the beat oscillator coupled to the
second detector practically only one beat-note
response will occur, and this will be for the
signal tuned in on the resonance peak of the
i.f. circuit. When a receiver of this type is
tuned across a signal, it will be heard on only
one side of zero beat, instead of on both sides
as with receivers of ordinary selectivity. The
extreme selectivity also reduces noise and
other types of interference. The single-signal
superhet should be provided with a means for
varying the selectivity so that the receiver
will be suitable for the reception of voice as
well as c.w. telegraph signals, since a wider
band must be passed for faithful reproduction
of voice modulation.

Regenerative I.F. Amplifiers

A regenerative i.f. amplifier stage can be
used to provide high selectivity combined
with high gain in the amateur superhet. Such
an amplifier operates in much the same fashion
as a regenerative input amplifier or first de-
tector in giving high selectivity. The regenera-
tive amplifier increases the signal at resonance
frequency of the i.f. circuit and leaves signals
of other frequencies at practically the same
amplitude they would have if the amplifier
were not regenerative. A representative circuit
of an i.f. amplifier of this type is shown in Fig.
733. In addition to the usual input and output
transformer windings L; and Lg, the input
transformer has a feed-back coil L3 connected
in the plate return circuit between cathode and
ground, through the usual by-passed cathode
bias resistance R;. This coil is connected so
that r.f. current flowing back to the cathode
induces voltage in Lg in phase with the r.f.
voltage on the grid. Regeneration is controlled
by Rz, which shunts the tickler coil for r.f.,
through C4. The latter is necessary to prevent
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variation of R; from varying the d.c. grid bias.
Regeneration is maximum when the resistance
of Rgis all in circuit, and is minimum when R»
is zero, shorting the tickler coil.

Selectivity comparable with that obtained
with a crystal filter can be obtained with a
regenerative i.f. stage. However, the regenera-
tive amplifier is not as stable and does not
provide adjustable rejection. The maximum
gain is very high and not more than one i.f.
stage is advisable in a receiver using such an
amplifier. Greatest effective selectivity will re-
sult when the tube gain is made relatively low

1.F,AMP.
58,606, 0 6K7
T,
sl L 2L,
cs o] Ca
HN
Ry
Co
R, JCs ¢
i Reg Control 1_-\?-
B -

+8 -B
(180 T0 250V.)

FIG. 733 — HIGH-SELECTIVITY REGENERATIVE
LF. AMPLIFIER CIRCUIT

L1 and L3 — 1.2-mbh. coils of 450~ to 463-kc. i.f. trans-
former, optimum coupling.

L3 — Tickler winding, approximately 20 turns coupled
to L.

C1 and C2 —50- to 100-uufd. i.f. tuning condensers
(air type).

C3 — 0.1-ufd. tubular by-pass condenser.

C4 — 0.01-ufd. blocking condenser.

Cs5 — 0.01 to 0.1 by-pass condensers.

R1 — 350-ohm cathode resistor.

Rz — 2000-ohm variable resistor (selectivity control).

Ra — 100,000-ohm screen voltage dropping resistor.

(as by using a larger value of cathode resistor,
Ry), thus preventing strong signals from over-
loading the stage.

Any method of introducing feedback may be
used; the chief requirement is smooth control
of regeneration so that the amplifier can be
operated near the critical regeneration point
where maximum selectivity is secured.

A SIX-TUBE REGENERATIVE
SINGLE-SIGNAL RECEIVER

AN INExPENSIVE receiver of simple construec-
tion, using i.f. regeneration for single-signal
reception, is shown in Fig. 734.% Fig. 735 gives
the circuit diagram.

The regenerative mixer, a 617, is coupled to
the antenna; the oscillator is 6J5 triode. There
is a single i.f. stage, using a 6K7 and iron-core
transformers. The second detector is a 6C5,
and the audio output tube, for loud-speaker
work, is a 6F'6. A 6C5 beat oscillator completes
the tube complement.

of Sec.Det.

To avoid constructional complications, the
mixer tuning is not ganged with the oscillator,
so that the two circuits must be tuned sepa-
rately. The mixer tuning eondenser, Cj, can
be used as a volume eontrol. The regeneration
control is a variable resistor, Ry, in series with
the 6L7 cathode resistor.

The i.f. gain is controlled by R4, which
varies the control-grid bias on the 6K7. The
stage is made regencrative by running a short
length of wire from the control grid of the
6K7 through a hole in the shield can of i.f.
transformer T2 so that a small amount of
energy is coupled back to the grid from the
plate. When this is done Ry serves as
a regencration control. If the high
selectivity afforded by regeneration
is not wanted, the regenerative coup-
ling may be omitted.

The headphones plug into the plate circuit
of the second detector; the signal level is quite
high here and no additional audio amplifica-
tion is needed. No audio gain control is in-
corporated in the set, since the various r.f.
controls afford quite a range in volume.

Figs. 736 and 737 show the layout, both top
and bottom, quite plainly. The chassis is steel
and measures 11 by 7 by 2 inches. The band-
spread tuning condenser, C3, is at the front
center, operated by the vernier dial. At the
left is Cy, the mixer tuning condenser, and at
the right, Cy, the oscillator band-setting con-
denser. The oscillator tube is directly behind
C3, with the mixer tube to the left on the other
side of a baffle shield which separates the two
r.f. sections. This shicld, measuring 33{ by
434 inches, is used to prevent coupling
between oscillator and mixer. The mixer coil
socket is at the left edge of the chassis behind
Cy; the oscillator coil socket is between Cy and
Cs.

The i.f. and audio sections are along the
rear edge of the chassis. The transformer in the
rear left corner is T'1; next to it is the i.f. tube,
then T2 The transformers are mounted so
that the adjusting screws project to the rear
where they are easily accessible. With the
particular type of transformer used this
requires drilling a new hole in the shield of T,
so that the grid lead to the 6K7 can be brought
out the proper side. In Ty, the grid lead should
be pulled through the side of the ean and
brought out the bottom with the other leads,
since the grid of the 6C5 second detector
comes through the base.

The transformer at the rear right is for the
beat oscillator. The 6C5 second detector is
directly in front of it and the beat oseillator
tube is about midway along the right chassis
edge. The 6F6 output tube is in the rear
right-hand corner.

Power cord, headphone jack (insulated

7% Grid,
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FIG. 734 — A SIX-TUBE REGENERATIVE SINGLE-SIGNAL RE-

CEIVER OF INEXPENSIVE DESIGN

A variable-ratio vernier dial (National Type B) is used for the
fine tuning required with single-signal selectivity. PPower supply
requirements are 2.2 amperes at 6.3 volts, and 60 milliamperes
d.c. at 200-250 volts, for lond-speaker operation. A voltage-regulated
supply such as is described in Chapiler Fourteen is recommended.

from the chassis) and a tip jack for
the speaker are on the rear edge of
the chassis. The antenna input ter-
minals are on the left edge, near
the mixer coil socket.

The controls along the bottom
edge of the panel are, from left to
right, the mixer regeneration con-
trol, 22, the on-off switch, Sw, the
i.f. gain or regeneration control,
R4, and the beat-oscillator vernier
condenser, Cgo. The latter has the
corner of one rotary plate bent
over so that when the condenser
plates are fully interleaved the con-
denser is short-circuited, thus stop-
ping oscillation.

One side of the heater circuit is
grounded, so that only one filament
wire need be run from tube to tube.
The more conventional method of
running heater current through a
twisted paircan be used if preferred.

The oscillator-mixer coupling
condenser, Cs, is mounted from one
of its connection tabson a small cer-
amic pillar (furnished with one of

gLs 6J5
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FIG. 735. — CIRCUIT DIAGRAM OF THE REGENERATIVE $.S. RECEIVER

Ci1, C2— 50-puufd. variable (Ilam-
marlund MC-50-8).

C3 == 35-uufd. variable (National
$8-35).

C4 — 70-ppfd. mica trimmer (llam-
marlund BBT-70).

Cp — 30-uufd. isolantite-insulated
mica trimmer (National

M-30).

Ceo-C10, inc. — 0.1-ufd. paper, 400~
volt.

C11 = 0.2-4fd. paper, 400-volt (or
larger),

Ci2, C13 — 0.005-ufd. mica.
Ci14 — 100-uufd. mica.

C15, Ci6 — 0.01-ufd. paper, 400-volt.

C17 — 10-ufd. 25-volt electrolytic.

Ci8 — 5-ufd. 25-volt electrolytic.

C19 — See text.

C20 — 25~uufd. variable (llammar-
lund SM-25).

R; — 300 ohma, Yo-watt (see text).

R2 — 1008-ohm  variable, wire-
wound.

R3 =~ 300 ohms, Yo-watt.

R4 ~ 25,000-ohm volume control.

Rs — 50,000 ohms, 2-watt.

R¢ — 50,000 ohms, 4-watt (I.R.C.
Type F).

R7 — 150,000 ohms, 12-watt (I.R.C.
Type F).
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Rg = 12,000 ochms, 1-watt.

Ro, Rio, R11, Ri2 — 50,000 ohms, V-~
watt.

Ri3 = 0.5 megohm, V4-watt.

R4 = 450 ohms, 1-watt.

Ri5 — 15,000 ohms, 1-watt.

Th, T2-—455-kc. interstage-type
i.f. transformers (Sicklen
6301).

T3 — 455-kc. beat oscillator trans-
former, with grid conden-
ser and leak (Sickles 6577).

L1-Ls, inc. — See coil table.

Jack = Double-circulit type.

Sw = S.p.a.t. toggle.
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the tube sockets) between the os-
cillator and mixer tube sockets.
The antenna series condenser, Cy,
is mounted between one terminal
on the antenna strip and one of the
mixer coil-socket prongs. These
condensers do not require read-
justment in normal operation,
hence arc screw-driver adjusted
from the bottom.

The b.o. coupling condenser, Cyy,
is simply the capacity existing be-
tween the grid prong on the 6C5
socket and the adjacent prong on
the side away from the plate. This
prong, ordinarily unused, is con-
nected to the b.o. as shown in
Fig. 735.

The method of winding coils is

shown in Fig. 738, and complete
specifications are given in the
table. All windings are in the same
direction. In Fig. 735, the ticklers,
Lz and L, have been shown coupled to the grid
ends of L) and Ly, respectively. This was done
purely to make the diagram less awkward;
the actual method of construction is given in
Fig. 738, with the ticklers coupled to the
grounded ends of the grid coils.

Any convenient pin-connection arrangement
may be used. Make the connections so that the
shortest leads between coil socket and circuit
points result.

A test oscillator and 0-1 milliammeter make
a suitable combination for i.f. alignment. The
i.f. should be aligned without the regenerative
connection and with the h.f. oscillator coil
out of its socket. A mixer coil should be in
place to complete the 6L7 plate connection,
If no speaker is used either the speaker
terminals must be short-circuited to prevent
damage to the 6F6, or else the tube must be
out of its socket.

Connect the test oscillator output between
the 61.7 grid and chassis, with the normal grid
connection to (" removed. Connect the milliam-
meter to a 'phone plug and insert the plug in
the headphone jack. Set the oscillator to 455
ke. and adjust the trimmers on T and 7' to
give maximum meter reading, with R; set
for maximum gain or slightly below. The beat
oscillator should be off. Without signal the
second detector plate current should be be-
tween 0.1 and 0.2 ma. ; adjust the test oscillator
output so that the reading with signal is about
0.4 or 0.5 ma. As the circuits come into line,
reduce the signal input to keep the reading
about the same.

After the i.f. is aligned, plug in a set of coils
for some band on which there is a good deal of
activity. Set the oscillator padding condenser,
Cs, at approximately the right capacity; with

FIG. 736 — PLAN VIEW OF THE SIX-TUBE SUPERHET

Location of the various parts is discussed in the text.

the coil specifications given, the proportion of
total C2 capaeity on each band will be about as
follows: 1.75 Mec., 80 per cent; 3.5 Mec., 75 per
cent; 7 Mec., 95 per cent; 14 Mec., 90 per cent;
28 Mc., 45 per cent. Set the mixer regeneration
control, R, for minimum regeneration — all the
resistance in cireuit. Connect an antenna and
set ("4 at maximum capacity. Switch the beat
oscillator on by turning Cg out of the maxi-
mum position, and adjust the screw on T'3 until
the characteristic beat-oscillator hiss is heard.

REGENERATIVE 8.8, RECEIVER COIL DATA
Band Coil Wire Size Turns  Length Tap
175 Mc... . Ln 24 70 Close-wound —
L2 24 10 " —
La 24 3.5 o —_
L4 22 42 " Top

Ls 22 8 o
3.5 Mec.. .. In 22 35 “ -
L2 22 7 o e
Ls 22 2.5 “ e
L¢ 22 25 1 inch 17
Ls 22 5 Close-wound —
7 Me....la 18 20 1 inch -
Lz 22 4 Close-wound —
Ls 22 2 “ —
L¢ 18 13 1 inch 6
Ls 22 3 Close-wound —
14 Me.... L 18 11 1 inch -—
L2 22 4  Cloge-wound —
La 22 2.5 o —_
L4 18 7 1 inch 2.4
Ls 22 2  Close-wound —
28 Me... . Ln 18 5 1 inch _—
L2 22 3 Close-wound —
Ls 22 2.5 “ e
L¢ 18 3.6 1 inch 1.3
Ls 22 1.4 Cloge-wound —
All coils 144 inches in diameter, on Hammarlund
SWF forms. Spacing bctween coils on same form
approximately 34 inch. Band-spread taps are meas-
ured from bottom (ground) end of L¢. All coils

wound with enamelled wire.
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Now tune C slowly over its scale, starting
from maximum capacity. Using the 7-Me.
coils as an example, when C) is at about half
scale there should be a definite increase in
noise and in the strength of the signals which
may be heard. Continue on past this point
until a second peak is reached on C); 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 incom-
ing signal, so that C; always should be tuned to
the peak which occurs with most capacity.

After the signal peak on C; has been identi-
fied, tune C; over its whole range, following
with C; to keep the mixer circuit in tune, to
see how the band fits the dial. With C2 properly
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 Cs, 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 ap-
propriate point so that C2 may be reset readily
when changing bands.

Now tune in a signal and adjust C; for
maximum response. Advance Rz slowly, simul-
taneously swinging C; back and forth through
resonance. As regeneration is increased signals
and noise both will become louder and C)
will tune more sharply, until finally the mixer
circuit will break into oscillation when, with
C1 right at resonance, a loud carrier will be
heard, since the oscillations generated will go
through the receiver in exactly the same way as
a signal. Always work the mixer somewhat
below the critical regeneration point and never
permit it to oscillate in practical operation.

If the antenna happens to be nearly resonant
in the band, it may not be possible to make the
mixer oscillate; on the other hand if the an-
tenna loading is negligible the circuit may
oscillate continuously regardless of the setting
of the regeneration control. The former condi-
tion can be cured by reducing the capacity of
C4 or by increasing the number of turns on Lg.
If the mixer oscillates continuously, the oppo-
site remedies are required.

The oscillator-mixer coupling condenser, Cs,
should be adjusted so that pulling of the oscil-
lator frequency at 14 Mec. is negligible as C) is
tuned through resonance with the incoming
signal. The setting generally will be with the
plates rather far apart. On 7 Mec. and lower
there should be no detectable change in beat
note as C goes through the signal peak. A few
hundred cycles change is typical of 14 Me.

After the preceding adjustments have been
completed, the i.f. regeneration may be added.
The amount of feed-back will be determined by
the length of wire inserted in the can contain-
ing Ty Optimum selectivity usually will be
secured when the regenerative coupling is
adjusted so that the 6K7 goes into oscillation
with the gain control, Ry, fairly well “down”
— far enough so that it is well below maximum
gain and in the region where, without regenera-
tion, its effect on gain is not great. Balance
gain and regeneration so that the average
signal level, at resonance with peak regenera-
tion, is about the same as with normal i.f.
gain without regeneration.

For single-signal c.w. reception, set the beat
oscillator so that when R, is advanced to make
the i.f. just go into oscillation the resulting
tone is the desired beat-note frequency. Then
hack off on R4 to give the desired selectivity.
Maximum seclectivity will be se-

cured with the i.f. just below the
oscillating point. The “other side
of zero beat’” will be very much
weaker than the desired side.

AUTOMATIC VOLUME
CONTROL

WWirn the wide range of signal
levels encountered in high-fre-
quency reception and the severe
fading which is practically always
prevalent, automatic regulation
of the gain of the receiver in in-
verse proportion to the signal
strength is a great advantage,
especially in 'phone reception. This
is readily accomplished in the super-
heterodyne by using the average

FIG. 737 — BELOW-CHASSIS VIEW OF THE REGENERATIVE

$.S. SUPER

rectified voltage developed by the
received signal across a resistance
in a detector circuit to vary the bias
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on the r.f. and i.f. amplifier tubes. Since this
voltage is practically proportional to the aver-
age amplitude of the detector signal, the gain
is reduced as the signal strength is greater.
The control will be more complete as the
number of stages to which the a.v.c. bias is
applied is greater. Control of at least two
stages is advisable.

A typical circuit of a diode-triode type tube
used as a combined a.v.c. rectifier, detector and
first audio amplifier is shown in Fig. 739. One
plate of the diode section of the tube is used for
signal detection and the other for a.v.c. rectifi-
cation. The detector diode plate is connected
directly to the ‘“high” side of the i.f.

prevents the a.v.c. from keeping up with
rapid fading. A too-small time constant would
tend to ‘“wash out” modulation. The values
shown liave been found to be satisfactory in
operation.

HIGH-PERFORMANCE SUPERHET
WITH REGENERATIVE
FIRST DETECTOR

THe receiver illustrated in Fig. 740 is in-
tended to give maximum performance for the
number of tubes and circuits used, while com-
bining good mechanical stability and adapt-

transformer ’secondary, while the a.v.c. - L 5 !
diode plate’is fed through the small 6 Gy ls |
coupling condenser C3. The audio diode § —
load consists of Rz and R, in series. The e —— —_—
. . . . R S—— _\_

load condenser is split into two sections, — ————_B.S
Cy and Cy, to aid in filtering r.f. from the T T\GND. S
leqd which goes t‘hrough the audip COU-  ANToR A P g/-eno.
pling condenser, Cs, to Rs, the audio vol- eND~_L___Ltz | I
ume control, thence to the grid of the == ——— P i ——————
triode section of the tube. Cygis the usual high- ts
capacity by-pass across the cathode resistor.

The triode section of the tube is used as U[U [UU UU UUU
an audio amplifier, resistance coupling being
used on both input and output circuits. Rg is MIXER OSCILLATOR

the plate load resistor. Cy4 is 2 mica by-pass
which short-circuits any r.f. which may have
escaped by the filter in the diode circuit.

The a.v.c. diode load resistor is R4, across
which is developed the negative bias resulting
from the flow of rectified carrier current. This
negative bias is applied to the grids of the con-
trolled stages through the filtering resistors
Rs, RG and R7.

It does not matter which of the two diode
plates is selected for audio and which for a.v.c.
The reason for separating the two is to permit
the audio diode return to be 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 cath-
ode resistor (a matter of 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 circuit until the
carrier amplitude is large enough to overcome
the bias. Without this delay, the a.v.c. would
start working even with a very small signal,
which is undesirable because the full amplifica-
tion of the receiver then cannot be realized
on weak signals. In the audio diode circuit
this fixed bias must be avoided; hence the
return is made directly to the cathode.

Time constant is important in the a.v.c.
circuit, and is determined by the RC values in
the diode and bias-feed circuits to the con-
trolled stages. In high-frequency reception a
large time constant is not desirable because it

FIG. 738 —METHOD OF WINDING THE MIXER
AND OSCILLATOR COILS

All windings are in the same direction.

ability to amateur construction.® It is also de-
signed to accommodate a noise-silencer and
crystal filter unit, as described farther on, in
case the builder wishes to include all the fea-
tures available in the modern single-signal type
receiver. The circuit line-up, as shown in the
diagram of Fig. 741, consists of a regenerative
mixer using a 6L7 tube, a separate high-fre-
quency oscillator using either a 6D6 glass or
6K7 metal tube, an iron-core transformer
coupled i.f. stage using a 61.7 with dual auto-
matic gain control, a 6H6 duo-diode second
detector and a.v.c. rectifier, a 6D6 or 6K7 i.f.
beat oscillator, a 76 or 6C5 triode first audio
stage and a 42 or 616 pentode output amplifier.
There is also a GE5 tuning indicator tube
which, while not essential to operation of the
receiver circuit proper, is an extremely useful
adjunct. The receiver operates from a separate
power supply, such as the heavy-duty type
described in Chapter Fourteen, which must
be capable of at least 2.8 amperes at 6.3 volts
and 90 ma. at 250 volts d.c.

The injector (No. 3) grid of the 6L7 is ca-
pacitively coupled to the cathode of the oscil-
lator. This circuit shows negligible “‘pulling”’
effect as the result of mixer input tuning up
through the 14-Mc. band, and only slight effect
at 28 Mec., provided the coils are properly ad-
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justed. The single-control tuning system em-
ploys the tapped-coil method of band-spreading
and tracking with adjustable air condensers
for setting the range. Regeneration in the
mixer input circuit is obtained by a cathode
circuit feedback coil coupled to the grid coil,
regeneration being controlled by a variable
resistor acting as an r.f. shunt across this tickler
winding. It maintains the electrode voltages
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FIG. 739 — SECOND-DETECTOR AND FIRST AUDIO CIRCUIT
WITII A.V.C., USING DUO-DIODE-TRIODE TUBE

Rg — 500,000 ohims, Y2-watt.

R — 250,000 ohims, Y2-watt.

Cr, C2, C3 — 100 pufd.

R; — 250,000 chms, Y4-watt.

R2 — 50,000 to 250,000 ohmsx,
Ya-watt.

Ra — 2000 ohms, Yz-watt.

R4 — 2 to 5 megohms, Ye-watt.

Rs, Re, R7=—1 megohm, V-
watt.

Cq = 250 pufd.

constant and has but slight effect on the mixer
tuning, even at the higher frequencies.

Only two points need be mentioned in con-
nection with the i.f. amplifier circuit. The No.
3 grid of the 6L7 is connected in parallel with
No. 1 for d.c., but not for r.f., and a voltage
divider instead of a simple series resistor is used
for obtaining screen voltage. The No. 3 grid is
returned to the ground side of the i.f. trans-
former secondary, where it picks up the a.v.c.
voltage along with the No. 1 grid. The rather
heavy screen voltage divider maintains the
screen at practically constant potential despite
the bias applied to the grids, thus increasing
the effectiveness of both the manual and auto-
matic gain controls. The manual gain control
is bled off the plate supply by the usual method.

One section of the 6HG6 is used for detection
and the other for obtaining a.v.c. voltage.
Since the a.v.c. action is limited, it is not
necessary to bias the a.v.c. diode to give
delay.

The i.f. beat oscillator operates at low plate
voltage and is very loosely coupled to the de-
tector. A weak b.o. signal is favorable for the
reception of weak signals and tends to limit
the beat response on strong ones.

The diode load circuit consists of the resist-
ors Ris and Ryg in series. R)s serves as an r.f.

2 A.F Output

Cs, Cg, C7 — 0.01 ufd.
Cs, Co — 0.01 to 0.1 ufd.
€10 — 5 to 10-ufd. electrolytic.

attenuator, backed up by Rgo for further at-
tenuation. Cag, across the 76 grid, is a further
aid to keeping r.f. out of the audio circuits and
gives some tone-control action to reduce
noises of high audio frequency.

The grid of the 6E5 tuning indicator is con-
nected to the audio-diode load rather than to
the a.v.c. line. This method of connection per-
mits using the tube as a strength indicator on
c.w. signals, since the shadow move-
ment is instantaneous.

The audio circuits require no par-
ticular comment. The gain is such
that a ’'phone signal whose carrier
barely moves the tuning indica-
tor will give good loud-speaker
strength. Headphone signals are
rather more than comfortable level
with the audio gain wide open.

The cadmium-plated steel chassis
of the receiver is 12 inches by 10
inches by 3 inches deep. As shown
in the bottom view of the set, half-
inch L-girder strips of aluminum
run front to back and across the
center under the r.f. circuits to
stiffen the chassis. A heavier type
of chassis than the kind ordinarily
available could be used to good ad-
vantage, since mechanical rigidity
is of utmost importance in obtain-
ing good electrical stability. Me-
chanijcal stability is also aided by
the National PW tuning unit, and by the four-
corner mounting coil sockets. The tuned cir-
cuit wiring is stiff No. 14 tinned solid copper,
except for the grid connectors. Even these
should be given attention, especially that of
the oscillator. If a glass oscillator tube (6D6)
is used, a rubber grommet should be provided
to support the grid lead where it passes
through the tube shield. Otherwise, slight
jarring will cause appreciable jumping of the
oscillator frequency as the result of this lead
shifting position.

The arrangement of the receiver can be
followed quite readily from Figs. 740 and 742.
Referring to the top view, the tuning-condenser
assembly is centrally mounted, the oscillator
condenser being that at the left and the mixer
at the right. The air trimmers, Cs and Cy, are
directly behind the tuning condensers, followed
in each case by the coil sockets and finally by
the tubes. The coil and socket pin arrangement
is shown in Fig. 743. This arrangement becomes
of some importance at the higher frequencies if
the receiver and coils are to be duplicated,
since the lead lengths have their influence on
the coil design. A baffle shield measuring 412
inches high by 6 inches long runs down the
center of the chassis from the dial gear box to
the rear edge, shielding the oscillator and mixer
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circuits from each other.
A similar baffle, 414 by
414 inches, encloses the
oscillator on the other
side. This shielding is
sufficient to prevent
coupling bhetween the
two tuned circuits.

Connections from the
condenser rotors and
from the ground ends
of the coils should be
made to the chassis with
the shortest possible
leads. In this case we
also have ground leads
through the tuned cir-
cuit paralleling the chas-
sis grounds to insure
good conductivity. But
the short, direct grounds
to the chassts itself are of
prime importance if the
set 18 to be stable in oper-
ation, especially with re-
generation on the mixer.

Wiring for the oscil-
lator and mixer circuits
occupies the rear center
section of the chassis,
as shown in the bottom
view. The parts are wired in so that short con-
nections can be made, using insulating solder-
ing-lug strips wherever necessary. The anten-
na-ground post assembly is mounted on the
back near the mixer socket, with a shielded
lead running through a hole in the chassis to
the antenna post on the coil socket.

The regeneration control resistor, Rj is
mounted on a home-made bracket near the
back of the chassis. A flexible coupling and a
piece of Y4-inch round brass rod bring the
control out to the front panel. The bracket
should be made so that the resistor shaft will
line up with the panel hole when ready for
mounting. A bearing keeps the extension shaft
in place on the panel and helps make the con-
trol smooth-turning. It is necessary to mount
the regeneration control in the position shown
so that the r.f. trimmer, Cs can be mounted
close to C;, and thus make possible a short
stator connection between the two.

The first i.f. transformer is in the rear right
corner of the chassis. Progressing toward the
front, next in line is the 6L7 i.f. amplifier tube,
second i.f. transformer, 6H6 duo-diode rectifier,
and 76 audio tube, the latter being in a shield.
Sub-chassis wiring, shown to the left in the
bottom view, is again simply a matter of fitting
in a considerable number of small parts so that
short leads are possible. Ground leads once more
should be short and directly to the chassis.

FIG. 740 — TOP VIEW OF THE HIGH-PERFORMANCE SUPERHET, SHOWING
THE LAYOUT OF THE COMPONENTS

In the bottom view, the audio volume
control is at the extreme left. It is the right-
hand eontrol in the right-side-up views, and is
mounted on the front of the chassis directly
below the audio tube socket. A shielded lead
runs from the plate of the 76 along the left-
hand bracing girder to the back of the chassis,
thence to the right along the rear edge to the
'phone jack. The shield is grounded at several
points to prevent r.f. pickup.

The left-hand section of the chassis (top
view) contains, in order from front to back,
the beat-uscillator transformer, b.o. tube and
power output tube. These parts are at the right
in the hottom view. The cantrol in the corner
is the r.f. gain control.

The beat-oscillator transformer used in the
receiver is furnished complete with tuning
condenser, grid condenser ard grid leak, so
that it is only necessary to connect the tube
and supply the plate circuit resistors and con-
densers. If the oscillator circuit is made up
from different parts, the values given in Fig.
741 will be satisfactory. The lead from the
plate of the b.o. tube runs in shielded wire —
grounded at several points — to the diode de-
tector plate, coupled through a small condenser
mounted right on the appropriate tube-socket
prong. This condenser is s home-made affair
consisting of two thin brass plates, separated
about a sixteenth inch, the facing areas being
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FIG. 741 — THE HIGH-PERFORMANCE SUPERHET CIRCUIT DIAGRAM. SHELL PIN TERMINALS OF METAL TUBES ARE ALL GROUNDED TO THE CHASSIS

C1, C2— Ganged Condensers, 160-
uufd. each (National type I'W
tuning unit).

C3z, C4— 50-uufd. air trimmers (Na-

tional type UM-50).

C5 — 25-uufd. midget variable (Ilam-

marlund MC-25-8).

Ce — 50-pufd. midget mica condenscr.

C7 — 100-uufd. midget mica condenser.

Cs — 0.002-ufd. mica condenser.

Co—C20, inc.— 0.01-ufd. paper

densers, non-inductive,

C21 — 140-pufd. variable (in B.O. unit).

Ca2 — 250-uufd. mica condenser (in

B.O. unit).
C23— B.O. coupling condenser, about
5 pufd. (see text).

con=-

C24, C25, C26 — 100-uufd. mica condens-
ers.

C27, C28, C29 — 0.1-ufd. paper condens-
ers.

C3p — 0.5-ufd. paper condenscr.

C31 — 5-ufd., 25-volt electrolytic.

Caz — 25-ufd., 25-volt electrolytic.

C33 — 50-uufd. fixed mica condenser.

R1, Rz — 50,000 ohms, 12 watt.

Rz — 500 ohms, 15 watt.

R4 — 2000-ohm  variable
72-101).

Rs — 15,000 ohms, 1 watt.

R¢ — 50,000 ohms, 1 watt.

R7 — 50,000 ohms, 12 watt.

Rs = 300 ohms, 14 watt.

R9 — 10,000 ohms, 10 watts.

(Centralab

Ri0 — 15,000 ohms, 1 watt,

Ri1 — 2000 ohms, Y, watt.

Rj2 — 5000-ohm variable (Centralah
72-110). .

Ri13 — 50,000 ohms, 1 watt.

R4 — 50,000, 2 watt (in B.O. unit).

Ris — 10,000 ohmas, 1 watt.

Rig — 100,000 ohms, 12 watt.

Ri17 — 50,000 ohms, 1 watt.

Ris — 50,000 ohms, 142 watt.

Ris — 500,000 ohms, Y2 watt.

R20 — 100,000 ohms, Y5 watt.

R21, R22— 1 megohm, 142 watt.

R23 — 1-megohm variable (Centralab
72-116).

R24 — 2000 ohms, ;2 watt.

Ras — 50,000 ohms, 12 watt.

T2 — Air-tuned

R26 — 1 megohm, 14 watt,

R27 — 450 ohms, 2 watts.

R2g = 1 megohm, 14 watt.

T) = Air-tuned iron-core i.f. trans-
former for coupling 6L7 con-
verter to 6L7 amplifier (Alad-
din S-2242-A).

iron-core i.f. trans-
former for coupling 6L7 am-
plifier to diode rectifier (Aladdin
S-2242-B).

L1, L — See coil table.

L3 — Beat-oscillator coil, 465 kec. (in
B.O. unit).

J — Double-circuit jack.

All switches single-pole single-throw.

YOOdANVH S.HNAIVIY 014VY THL
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adding any appreciable shunt capacity to the
diode circuit.

The cathode-ray tuning indicator is mounted
on home-made brackets of brass strip so that
the top of the tube projects slightly through the
panel. The 1-meg. resistor is mounted on the
socket, and the necessary leads are twisted into
a cable and carried down through the chassis
on the detector side of the central baffle shield.
The length of these leads does not matter
particularly. Mount the tube with the target
side downward (heater pins to the right when
viewed from the top) so that the shadow will be
at the bottom where it is most easily seen.

The three switches are mounted as follows:
At left in panel view, beat oscillator on-off
switch; below the tuning dial, B cutoff switch;
at right, a.v.c. on-off switch.

Keep the filament wires in the corners of the
chassis; this is helpful in preventing hum.

When the wiring has been completed and
checked, the i.f. circuits should be aligned
before the mixer and oscillator coils are given
final adjustment. The intermediate circuits
should be tuned exactly to the right frequency,
465 ke., since the tracking of the oscillator and
first detector circuits depends on the inter-
mediate frequency. This is best done with a
test oscillator of the type described in Chapter
Sixteen. To line up the i.f., clip the oscillator
leads on ground and the 61.7 mixer grid — with
the coils out of their sockets
—set the oscillator to 465 ke.,
and adjust the trimmers to
give maximum deflection of
the 6E5. If the “eye” closes
entirely, decrease the test os-
cillator output or reduce the
r.f. gain control so that a
definite maximum point can
be passed through on each
trimmer.

If no test oscillator is avail-
able, the c.w. beat oscillator
can be used for the purpose.
To set the b.o. on the proper
frequency, connect a wire to
its plate and bring it near the
lead-in to a broadcast receiver.
Tune the latter to 930 ke. and
adjust the beat oscillator until
its second harmonic is at zero
beat with the station heard.
Then couple the b.o. output
to the grid of the mixer —
simply taking a turn around
the grid cap should be enough
— connect the grid to ground
through a resistor of a meg-
ohm or so, and line up as al-
ready described.

The i.f. should show no

FIG.

742 — UNDERNEATH THE

tendency to oscillate with all circuits at reso-
nance, provided the shells of the metal tubes are
grounded.

In winding the coils, make the 14-Mc. set
first. This is usually the hardest set to get lined
up® properly, and it is also the easiest set
to duplicate from specifications. Follow the
mechanical layout of the oscillator and de-
tector circuits, particularly spacing between
condensers and coil sockets so the lead lengths
will be about the same as in the original re-
ceiver. Wind the 20-meter coils ezactly as given
in the table. Plug in the coils, set the regenera-
tion control at the zero position (resistance
all out), and set (5 at half capacity. Set the
tuning dial at about 250, couple on the an-
tenna and tune Cy4 carefully until amateur sig-
nals are heard. Make a final adjustment to Cj4
to bring the low frequency end of the band
at about 100 on the tuning dial. With the low-
frequency end at 100, the high-frequency end
should fall between 350 and 400.

When the trimmers are properly adjusted,
they should be marked so that they can be
returned to the same settings at any time. The
correct settings will be found to be somewhere
in the vicinity of half capacity.

With the 14-Me. range in working order, the
other coils must be wound to fit the trimmer
settings just found. Some slight modification
of the specifications given may be necessary,

HIGH-PERFORMANCE SUPER’S
CITASSIS

Resistors and by-pass condensers are placed to give short, direct con-
nections. Other components are located as described in the text.
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HIGH-PERFORMANCE SUPERHET COIL 'TABLE

Oascillator, L2 Mizer, Ly

Band | Cath. Ant.

Total Cath. Spread|| Total B.S.  Coil, Coil

Band Turns Tap Tap | Turns Tap Turns Turns
28 Mc. 3.0 1.0 0 25\ 33 025 08 2
14Mc. 83 28 1.5 | 83 15 08 3
7Mc. 168 4.8 4.0 168 4.0 04 4
3.5Mec. 29.3 88 11.5( 203 125 0.5 9
1.75 Mc. 50.3 17.8 23.5 || 55.3 30.5 0.5 12

Oscillator coils are space-wound to occupy a length of
1% inches, on 14-inch diameter forms. Mixer coils are
space-wound to occupy a length of 1} inches, on similar
forms, except 1.73-Mec. coil which is close-wound. Wire is
No. 24 d.s.c. The cathode coil on L1 is wound in the opposite
direction to the grid coil, starting from the ground end of
the grid coil. It is very closely coupled to the grid coil.
Antenna coils are close-wound, spaced about 34 inch from
grid coil at ground end. Cathode tap on Lz, and band-spread
taps on L1and Lz, are measured from the ground end of each
grid coil.

Specifications are given to the nearest tenth of a turn.
The tenths can be measured off quite accurately by making
a paper scale equal in length to the circumferenco of the
coil form and dividing it into ten equal parts. Spacing be-
tween turns should be adjusted to be as uniform as possible,
and the turns doped in place after the coil is finished. Coil
forms are National 6-prong, with corresponding coil sockets.

negligible response as a resonator at other
frequencies in this vicinity. To insure
active response, the crystal is usually
mounted in a holder having an air gap
of approximately 0.001 inch between the
crystal and one plate.

The crystal scrves as the selective
series coupling element betireen the input
transformer 7' and the output transform-
er Ts. Since the crystal has a series-
resonant impedance of the order of 2500
to 3000 ohms, a step-up is provided in
the output transformer to give an efficient
match between the crystal network and
the high-impedance tuned grid circuit of
the following amplifier. This is obtained
either by the auto transformer connec-
tion of T2 in A, or by the separate pri-
mary Ls in B and C. For 450 to 465 &c.
intermediates, L3 is of approximately
1.2-millihenry inductance, as is also the
secondary of the input transformer, Ly,
in A and B. In C, input primary L; is
approximately 1.2 mh. and C) is a 100-
pufd. variable, while the center-tapped

input secondary Ls is of approximately 14

but they should work out quite closely with
reasonable care in duplication.

QUARTZ CRYSTAL FILTERS

Tue quartz crystal filters used in the if.
amplifiers of single-signal type receivers are
of two distinct types. One type permits ad-
justment of the sharpness of crystal resonance
(selectivity) from the maximum usable for
c.w. telegraph reception to a minimum which
permits reception of telephone signals with
fair intelligibility, while the other type has a
practically fixed sharpness of resonance. Typi-
cal circuits of both types of filters are shown in
Fig. 744, A and B being variable band-width
circuits while C is a fixed sclectivity circuit.
In each of the three arrangements shown, the
crystal, which is connected in one arm of a
bridge circuit, is especially ground to have a
series-resonant frequency corresponding to the
receiver’s intermediate frequency and to have

Gnd, Cath.
Ca’h | | Gnd.
Grid
= Ant.
45, Band -
Spread Grid.

0sc. DET.

FIG. 743 — THE HIGH-PERFORMANCE SUPER-
HET’S COIL SOCKET CONNECTIONS AS VIEWED
FROM THE TOP

the primary inductance, to give an im-
pedance step-down from the tuned pri-
mary L1, and is coupled closely to the latter. In
A and B, the untuned primary L; has approxi-
mately 5.5-millihenry inductance and is closely
coupled to Lq. In each case the output coupling
condenser Cy, which allows adjustment to com-
pensate for crystal variations, is of approxi-
mately 50-ppfd. maximum capacitance. Since
none of the coupling values in the filter circuit
is especially critical, a fixed condenser of this
capacitance is sometimes used at C;. In all
three circuits, the ‘“rejection control” con-
denser C2 has a maximum capacitance of 10
pufd. or so and a very low minimum. The
switeh, Sw, is used to short out the crystal for
“straight” superhet reception with ordinary
selectivity. In the construction of such filters,
the input and output circuits are shielded from
each other.

Variable Selectivity Action

In circuits of the type of 4 and B, variable
selectivity is obtained by adjustment of the
variable input impedance, which is effectively
in serics with the crystal resonator, by means
of the “Band Width” control. This control
varies C; (50uufd. in 4 and 100pufd. in B),
which tunes the balanced secondary circuit of
T,. When the secondary is tuned to i.f. reso-
nance, which is also the series-resonant fre-
quency of the crystal, the parallel impedance of
the Le-C; combination is maximum and is
purely resistive. Since the secondary circuit
is center-tapped, one-fourth of this resistive
impedance (approximately 25,000 ohms) is in
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series with the crystal, through C3 and Ly. This
effective resistance 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
component of the input impedance decreases,
and so does the total parallel impedance. Ac-
cordingly, the selectivity of the crystal circuit
becomes higher and the applied voltage falls
off. At first the resistance decreases faster than
the applied voltage, with the result that at
first the c.w. output from the filter increases
as the selectivity is increased. The output then
falls off gradually as the input circuit is de-
tuned farther from resonance and the selec-
tivity becomes still higher. The net result of
this behavior is that the filter output for a pure
c.w. signal is least when the band width is the
greatest (input tuned to resonance), then in-
creases to maximum at medium selectivity,
and finally falls off slightly at maximum selec-
tivity. The total variation is only a few deci-
bels, however.

The selectivity can be varied over a range
of more than 12 to 1, at 10 times down, with
the crystal filter. The maximum selectivity
is more than 35 times that obtained with the
crystal filter switched out in typical receivers
having two i.f. stages.

Adjustable Rejection

The crystal is connected in the bridge circuit
so that counter voltage of controllable phase
can be applied to the output side of the filter
so as to modify the shape of the crystal’s
normal resonance curve, both to prevent un-
selective transmission through the capacitance
of the holder and to make the crystal anti-
resonant for a particular interfering signal in
a range from a few kilocycles above to a few
kilocycles below the series-resonant frequency.

The capacitive reactance of the crystal
electrodes normally resonates with the induc-
tive reactance of the crystal to make this part
of the circuit anti-resonant at a frequency
approximately 0.5 percent above crystal reso-
nance. By means of the phasing condenser C»
the effect of the capacitive reactance of the
holder can be modified to shift the anti-reso-
nant frequency, or to make the crystal reso-
nance curve practically symmetrical. Rejection
of at least 60 db for interference up to within
a few hundred cycles of resonance on either
side can be obtained. Fig. 732 illustrates the
type of resonance curve obtained with C2 set
to reject the audio image of a heterodyned
c.w. signal.

Rejection is practically independent of band-
width control. The phasing condenser is
sometimes used as a ‘‘selectivity” control to

broaden the response in filters of the fixed
band-width type (Fig. 744-C) by adjusting its
capacitance above or below the rejection
region. However, this only serves to by-pass the
erystal circuit, in effect, and the phasing con-
denser is then ineffectual for rejection of in-
terfering signals.

NOISE INTERFERENCE
REDUCTION

M ucu of the interference experienced in re-
ception of amateur signals is caused by do-
mestic electrical equipment and automobile
ignition systems. The interference is of two
types in its effects. The first is of the “hiss”
type consisting of overlapping pulses, similar
in nature to the receiver noise previously dis-
cussed. It is largely reduced by high selectivity
in the receiver, especially for code reception.
The second is the “pistol shot” or “machine
gun” type, consisting of separated impulses of
high amplitude. The ‘“hiss” type of inter-
ference is usually caused by commutator spark-
ing in d.c. and series a.c. motors, while the
“‘shot” type results from separated spark dis-
charges (a.c. power leaks, switch and key
clicks, ignition sparks, and the like).

Bandwidth control

FIRST DET. S FIRST L.LF.AMP

FIRST 1.F.AMP.

FIRST I.F AMPR

T2
L
Cy 3 e
Re/'ection

C

FIG. 744 — THREE TYPES OF CRYSTAL FILTER
CIRCUITS
Circuits A and B give variable band width, while C
is a fixed sharpness of resonance circuit. All three have
adjustable rejection. Circuit values for 450 to 500 kec.
operation are given in the text.
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With the “hiss” type, both the effective
(r.m.s.) and peak voltage values are reduced
as the square-root of the ratio of reduction in
receiver effective band-width; but with the
“ghot” type of interference, while the r.m.s.
voltage value varies as the square-root of the
effective band-width, the peak value is re-
duced in direct proportion to the reduction
in band-width. This occurs because the damped
wave trains resulting from the impulses are
prolonged as the selectivity is increased and
will overlap if the selectivity is made lLigh
enough. This accounts for the continuous
“ringing” effect noticed with crystal-filter re-
ceivers when there is severe spark interference.

Both “hiss” and ‘““shot” interference may
be reduced by use of a receiving antenna sys-
tem of the “noise reduction” type, where the
antenna proper is located remotely from the

NOISE AMP.

67 T

kg
wiHH

G $rg
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-y

NOISE RECT.

noise sources and connected to the receiver
by a balanced or shielded transmission line
which has small pick-up. Other methods may
be applied in the receiver itself.

Noise-Silencing I.F. System

One method which is particularly effective
against ‘‘shot” type interference is applied
to the i.f. circuit of a superhet. This system
operates to make the noise pulses ‘‘commit
suicide” before they have a chance to reach
the second detector. Fig. 745 gives the circuit
of such a silencer applied to the second i.f.
stage. 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 nega-
tive bias to the No. 3 grid of
the 6L7 used as an i.f. ampli-
fier, wholly or partially disa-
bling this stage for the dura-
tion of the individual noise
pulse, depending on the am-
plitude of the noise voltage.

6H6

The noise amplifier-rectifier

“ cireuit is biased, so that recti-

R

SILENCER
2wno. ILF,
6L7

R

Co~

fication will not start until
noise voltage exceeds the de-
sired-signal amplitude, by
means of the ‘Threshold
Control.” For reception with
automatic volume control, the

2no. DET.
6H6

Ris

AV.C,

LR e a.v.c. voltage is also applied

TO R.F.
ond I.F.

to the grid of the noise ampli-
fier to augment this threshold
bias. This system of noise
silencing gives signal-noise
ratio improvement of the
order of 30 db (power ratio

it TOAF.
c AMP,
14

FIG. 745 — SILENCER CIRCUIT APPLIED TO THE

SECOND LF. STAGE OF A TYPICAL SUPERHET.

THIS CIRCUIT IS NOT ADAPTABLE TO RECEIVERS

EN WHICH A COMMON BIAS CIRCUIT IS USED FOR

LF. AND AUDIO CONTROL GRIDS. THE NEGA-

‘TIVE-B OF THE HIGH-VOLTAGE SUPPLY MUST

BE GROUNDED AT THE FILTER OUTPUT

C2 —0.01-ufd. grid 200-volt
tubular.

(€3 —0.01- to 0.1-ufd. plate hy-pass condensers, 400-
volt tubular.

C7—0.1-ufd. cathode by-pass condensers, 200-volt
tubular.

Cg —0.01- 1o 0.1-ufd. screen by-pass condensers, 400-
volt tubular.

Co —0.25-ufd. main Dby-pass condenser,
tubular.

12 — 50-pufd. detector load by-pass, mica midget.

Cy3 — 50-pufd. beat osc. coupling condenser, mica
midget.

Ci4 — 0.1-ufd. detector output coupling condenser,
200-volt tubular.

by-pass condensers,

600-volt

of 1000) with heavy ignition

-
~250V. +250V.

C2t = 0- to 250-uufd. noise rectifier load by-pass, mica
midget.

C22 —0.1-ufd. threshold resistor by-pass,
tubular.

C23 — 50-uufd. silencer r.f. by-pass, mica midget.

R2 — 100,000-ohm grid filtering resistor, V2-watt.

R5 — 350- to 1000-ohm cathode resistors, Y2-watt.

R7 — 100,000-ohm screen-voltage dropping resistors.
Va-watt.

R13 — 500-ohm manual r.f. gain control.

R4 — l-megohm volume control.

Ri5 — 50,000-ohm detector load resistor, 12-watt,

R23 — 20,000-ohm threshold bleeder resistor, I-watt.

R24 — 5000-ohm threshold control potentiometer,
volume-control type.

R29 — 100,000-0ohm noise rectifier load resistor, 14-
watt,

R30 — [-megohm a.v.c. filter resistor, Y2-watt.

RFC — 20-millihenry r.f. choke.

T2 — Double air-tuned i.f. transformer (Hammarlund
ATT-465).

T3and T4 — Single air-tuned full-wave diode coupling
transformers (Sickles 456-kc.).

200-volt

132



RECEIVER DESIGN AND CONSTRUCTION

interference, raising the signal-noise ratio from
—10 db without the silencer to +20 db with
the silencer in a typical instance.

A Noise-Silencer and Crystal Filter Unit

In a receiver using a crystal filter, applica-
tion of the noise silencer to a subsequent stage
is ineffectual with noise interference of the
pulse type, because of the reduction in peak-to-
effective-voltage ratio and elongation of the
noise wave trains in the high-selectivity cir-
cuit. The silencer must be able to get at the
noise before this occurs; that is, it must pre-
cede the crystal filter. A practical circuit for
accomplishing this is shown in Fig. 747. 1t
operates in the same manner as the second i.f.
stage arrangement, except that the signal gain
of the 6L7 stage is reduced and its noise-
control sensitivity increased to obtain action
at the lower amplification level. This is ac-
complished by reduced screen voltage obtained
{rom the screen-cathode voltage divider, which
also maintains relatively high cathode-drop
bias on the signal and silencer grids.

The noise-silencer and crystal filter unit dia-
grammed in Fig. 747 and shown in Figs. 746
and 748 is especially designed for the ‘“High-
Performance” receiver, but is also adaptable
to other receivers using one or two i.f. stages.®

The 6L7 is an extra i.f. amplifier tube, pre-
ceding the crystal filter; the paralleled control
grids of the 6L7 and 6J7 pick up their if.
exciting voltages from the grid cap which
normally goes to the i.f. tube in the receiver.
After passing through the unit, the i.f. signal
goes to the grid of the receiver i.f. tube.

The primary of the crystal input trans-
former, T, connected in the plate circuit of
the 6L7, is untuned. The particular trans-
former used has its secondary tuned by an air
trimmer of the usual type; to get the balanced
circuit needed for the crystal filter, and also to
provide a selectivity control, a split-stator
condenser, Cj, is connected across the second-
ary circuit. Cs is the phasing condenser or
rejection control. The crystal output trans-
former, T3, is a single-winding affair, also air-
tuned, tapped to give a suitable match for the
crystal impedance. The tap is coupled to the
crystal through a 50-uufd. fixed condenser.
The ground terminal of T’ is indicated in the
diagram as going to the a.v.c. line in the re-
ceiver. In case the unit is applied to another
type of receiver which does not have a.v.c,
‘this lead can be connected directly to the chas-
:sis, in which case Cq; may be omitted.

In the silencer circuit, the 6J7 noise ampli-
‘fier is biased for normal operation, but its cath-
ode is connected to the rotor arm of a variable
resistor, Rs, so that the bias applied to its grid
«can be varied between a minimum of three
wolts (resulting from the use of the cathode re-

LT

FIG. 746 — THE CRYSTAL FILTER AND NOISE-

SILENCER UNIT ATTACIIED TO THE HIGH-
PERFORMANCE SUPER

‘T'he unil bolts to the right-hand side of the recciver

chassis. No receiver wiring changes are necessary.

The various components are identified in the text.

sistor I%g) and a maximum of about 20 volts.
Rs, by setting the point at which the noise
circuit starts to operate, acts as a threshold
control. The cathodc of the 61I6 noise rectifier
also is connected to the movable arm of Rg to
bias the diode plates so that rectification will
not take place until the incoming signal or noise
reaches the desired level. The switch Swq opens
the cathode circuits of both tubes to disable the
noise-silencing circuit when desired.

Only the primary of the diode input trans-
former is tuned. Its secondary is center-tapped
so that the diode can be used as a full-wave
rectifier. This helps prevent r.f. from getting
into the line to the No. 3 grid of the 6L7,
where it might upset the action of the silencer.
Additional €ltering is provided by ('3, (g, and
RFC.

The chassis is made up of aluminum, 4 inches
wide, 10 inches deep and 3 inches high, to line
up with the receiver chassis. The layout per-
mits getting quite short leads from the first
i.f. transformer in the receiver and back again
into the grid of the i.f. amplifier tube.

Looking at Fig. 746, the crystal filter occu-
pies the left-hand section and the noise silencer
the right, with the exception of (), the selec-
tivity control. The 6L7 is in the left rear cor-
ner. In front of it is the output transformer, 7'y,
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is set at minimum its rotary
plates touch the brass and
short-circuit the crystal. The
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FIG. 747 — CIRCUIT DIAGRAM OF THE CRYSTAL

FILTER AND NOISE-SILENCER UNIT
The only r.f. conncction disturbed in the receiver is

the grid-cap connection to the i.f. tube.

C; — Split-stator condenser (selectivity control), 50
sufd. per section (National STD-50).

Ca ~— 15~pufd. variahle (phasing condenser) (National
UM-15).

C3 — 100~gufd. mica.

Cy4y C5 — 50-pufd. mica.

Cs to C10, inc, — 0.1 paper.

Cij1 —0.01 paper.

R1 — 2000 ohms, 4-watt,

R2 — 50,000 ohms, 1-watt.

Rs, R4 — 100,000 ohms, 1-watt.

Rs — 300 ohms, Yo-watt.

Re — 100,000 ohms, 14-watt.

R7 — 30,000 ohms, 2-watt.

Rs — 3000-ohm wire-wound volume control (noise-
silencer threshold control) (Yaxley).

RFC — 20 millihenry r.f. choke (Sickles).

F1 — Crystalfilter input transformer, 465 ke. (Sickles).

T2 — Crystal filter output autotransformer, 465 kec.
(Sickles).

T3~ Diode transformer for noise circuit, 465 kec.
(Aladdin).

SW; — S.p.s.t. switch; see text for description,

SW2 — S.p.s.t. togglc switch mounted on Rs.

XTAL — Bliley BC-3, 465 kec.

then the crystal socket, and finally, right at
the front, the input transformer, Ty. The 617
plate lead is run through shield braid to pre-
vent coupling to the other wiring. On the right-
hand side, the 6J7 is at the rear right, next is
the diode transformer 7’3, next the 616, and
finally Cy, the crystal selectivity control.
By-pass condensers underneath the chassis
are placed so that short connections to the
chassis can be made. The phasing condenser,
Cg, is mounted below deck by one of the brack-
ets furnished for that purpose. An insulating
coupling between the condenser rotor and an
extension shaft brings the control out to the
front. A condenser with an insulating mount-
ing is essential, since neither side of (3 can be
grounded. The crystal on-off switch, S;, is
simply a piece of thin brass cut so that when C»

spare hole in the isolantite
mounting plate of the con-
- denser.

Cu The r.f. choke in the silenc-

; ing circuit is mounted on the

side of the chassis near the
6H6 socket. The whole unit is fastened to
the receiver chassis with machine screws;
a hole through both furnishes an inlet for
filament, B plus, and a.v.c. leads. These
are soldered to convenient corresponding
leads in the receiver itself; their length is
unimportant.

When the wiring of tle silencer-filter unit
and attachment to the other receiver cir-
cuits has been completed, the next step is
to align the i.f. circuits to the crystal fre-
quency (465 ke.). The i.f. circuit can be first
aligned using the crystalin a separate test oscil-
lator circuit as shown in Chapter Sixteen. Dur-
ing this process the silencer threshold adjust-
ment should be in the “off”” position. If the
i.f. circuit has been aligned previously, using a
465-ke. test oscillator, it is not entirely neces-
sary to use the crystal in a separate oscillator
circuit and an alternative procedure can be
followed. The first step is to find the main peak
of the crystal.

Remove the grid cap from the first detector
in the receiver and connect the appropriate
leads from the test oscillator. Using head-
phones, with the beat oscillator off, Sws open
and Sw; open, vary the oscillator frequency
slowly while listening closely for the charac-
teristic ““plop” or chirp as the oscillator fre-
quency goes through a crystal peak. If more
than one peak shows up (usually there is
more than one, but not closer than seven or
eight, kilocycles to the main peak), it will be
necessary to go through the tuning procedure
on each in order to determine which is the main
peak. The principal one will give the greatest
response.

With the test oscillator peaked on the crys-
tal frequency, tune all circuits for maximum
deflection of the 6E5. It may be necessary to
back off the r.f. gain as the circuits come into
line, to keep the deflection within the right
operating range. Readjust the test oscillator
occasionally to keep the frequency on the crys-
tal peak. To adjust Ty, set C; near maximum
capacity and line up with the trimmer in T}.
When the selectivity control, Cy, is set to give
maximum response with the crystal “in,” the
6E5 deflection should be the same with Sw;
either closed or open.

To adjust the noise silencer, close Swy and
advance Rg to about four-fifths maximum.

e

o AV.C.
Line
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Again using the test oscilla-
tor, adjust the condenser in
T3 to block off the signal.
The point at which blocking
occurs will depend upon the
signal strength and the set-
ting of Rg; use a signal which
will deflect the 6E5 to about
half scale and keep retarding
Rsuntil thesignal just blocks
off when T, is tuned to
resonance. The blocking is
very easily seen on the ‘““eye.”
With a local noise source the
adjustment of T3 can be
made equally well without a
signal — possibly better —
by adjusting for greatest
noise suppression.

If no test oscillator is avail-

able, a strong incoming sig-
nal may be used for lining-up
purposes. It should, however,
be perfectly steady. A local
broadcast harmonic or signal from the freq-
meter-monitor is best.

In operation, with the crystal switch, Sw),
closed (this occurs with the phasing condenser,

FIG.

FIG. 748 — SUB-BASE WIRING OF THE FILTER-
SILENCER

In most cases, parts are simply placed in convenient
locations, using shert r.f. leads. The d.c. and filament
supply connections to the receiver go through the
grommet in the side of the unit.

CORPORATING VARIABLE-SELECTIVITY CRYSTAL FILTER

749 — TIIE HIGH-PERFORMANCE AMATEUR SUPERHET IN-

AND
NOISE-SILENCER CIRCUITS

Cs, set at minimum, as already described), the
crystal is cut out of the circuit and the re-
ceiver is simply a ‘‘straight” superhet. Cy
should in that case be set for maximum signal
strength. With the switch open, and € set
at the same point, the selectivity is greatly in-
creased and the signal strength unchanged.
Tune in a signal to maximum strength, using
the 6E5 as an indicator, and set the beat os-
cillator to the desired pitch. Tune the main
dial to the same pitch on the other side of zero
beat, without touching anything else. This
““other side” will be quite weak compared to
the right setting. Now vary Cs slowly until the
beat note disappears, or reaches a very low
minimum. This process eliminates the audio-
frequency image and is an important setting in
obtaining maximum c.w. selectivity. The se-
lectivity can be further increased by tuning
C) down in capacity from the resonance set-
ting; maximum selectivity will be found with
C) considerably on the high-frequency side of
i.f. resonance. At maximum selectivity (C, all
out) some decrease in signal strength results,
although the decrease is unimportant com-
pared with the increase in selectivity. Should
a strong interfering signal still cause trouble, it
can often be eliminated by careful adjustment
of C9, which moves the point of maximum re-
jection over a small frequency range. For
tuning across the band, and for most commu-
nication, the selectivity will be sufficient with
C) set for optimum selectivity — at or slightly
higher than resonance — and with Cs-set for
rejection of the a.f. image.

The action of the silencer in taking out
strong noise peaks of the auto-ignition type,
plus the selectivity of the erystal in reducing
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noise of the hiss type, makes it possible to copy
weak signals through a noise background
which completely masks them with the ordi-
nary superhet arrangement.

6K7T

TG .

the received signal exceeds the bias potential.
The correct setting is easily determined in
practice by simply reducing the bias until the
qualitv of the received signal begins to be
hurt, and then increas-
ing the bias very slightly.
When a noise pulse of
amplitudein excess of the
signal comes in, the gate
diode goes into operation
and cuts out that portion

ecs

- R, +

o RE

of the noise pulse which
is above the signal level,
thus preventing it from
being demodulated into

Stages
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it an audio pulse.
The purpose of R: is

1
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FIG. 750 — CIRCUTT DIAGRAM OF THE SEE-
SAWS SILENCER

RFC — 20-mh. choke

Ci, C2— 100 uufd.

8. C3, Cq— 0.5 ufd.

Cs —0.01 ufd.

I’y — 0.5 megohm.,
K2 — 1000 ok
Ry — 25.000 oh
R4 — 0.5 mego

I’ — 0.25 Co—0.03 ufd.
Re — 1000 ol C7; —0.01 ufd.
Ri. R — 0.1 Cg— 0.5 ufd.

Ry — 350 olims. Ca, Cr0 — 0.1 ufd.

See-Sawe”” Second Detector Noise Silencer

Fig. 750 shows the ‘““see-saw ”’ circuit of B. S.
McCutcehen applied to a conventional super-
heterodyne receiver.” The left-hand diode
elements of the 6HG6 are connected in the usual
manner and form the signal detector, R; being
the load resistance. The right-hand diode
elements, together with the anode bias battery
and potentiometer R3, form the noise ‘gate.”
The double-pole switch throws the silencer in
and out of operation and at the same time
prevents the discharge of the anode bias bat-
tery through the potentiometer when not in use.

The rectifying action of the normal signal
diode builds up a negative voltage across
resistance ;. The amplitude of this voltage
varies with the modulation of the received
signal. If the moving arm of po-
tentiometer Rj3 is moved all the
way to the ground end, the right-
hand diode elements, which are
reverse-connected, will build up a
positive potential across Ry. In this
condition the see-saw is in balance;
one half cycle of i.f. builds up a
negative potential and the next
half cycle of i.f. drains it off again,
the net result being that no audio
signal is produced. If the arm of the
potentiometer is moved away from
ground, thus applying negative bias
to the gate diode, this diode will
not function until the amplitude of

to handicap the signal
diode slightly, so that
when noise pulses bring
the gate diode into operation, it will have a
little leverage on its end of the see-saw. This
resistance is important, as it not only improves
the degree of elimination, but also makes the
setting of the potentiometer less ecritical. In
most cases a value of 1000 ochms will be satis-
factory, but this depends to some extent on
the particular receiver, and it is suggested that
a range of values from several hundred to sev-
eral thousand ohms be tried.

As resistance Rs handicaps the signal diode,
in the presence of very strong noise interference
the gate diode will win out, and a positive
resultant audio voltage will tend to be built up
across the load resistor R;. To overcome this
condition, a leakage diode is connected as
shown across Rj, to drain off any positive
potential. (For further details see QST, July,
1937.)

t8

Noise- and Signal-Limiting Detector Circuit

A circuit which provides amplitude limiting
for noise pulses and which also is useful for

7o CW Beat Osc.
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11G. 751 ~— NOISE- AND SIGNAL-LIMITING DIODE DETECTOR

CIRCUIT
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maintaining approximately constant c.w. sig-
nal output with fading is shown in Fig. 751.
The signal from the last i.f. transformer is
detected by the No. 1 diode section, the useful
a.f. signal voltage being taken off across the
500,000-ohm load resistor. The No. 2 diode
section of this same tube is effectively in
shunt with this resistor, with its anode biased
negative with respect to its cathode by the
voltage obtained across the 3000-ohm poten-
tiometer. Excessive signals or pulses of noise
great enough to cause the voltage across the
500,000-ohm load resistor to exceed the nega-
tive bias on D; will cause the No. 2 diode to
draw current and present a low impedance
across the signal diode load circuit, thus limit-
ing the signal and noise output. In operation,
the potentiometer should be adjusted so that
the signal output is not distorted in the case of
"phone reception, or is at the desired average
level in the case of c.w. telegraph. With this
circuit the a.v.c. voltage should be obtained
from a separate rectifier. (Adapted from the
limiter circuit used in RCA communication-
type receivers.)

Automatic Noise Suppressor Circuit

A second-detector noise limiting circuit
which automatically adjusts itself to the
received carrier level (J. E. Dickert)® is shown
in Fig. 752. The diode load circuit consists of
Rg, R7, Rs (shunted by the high-resistance
audio volume control, By) and Rj in series.
The cathode of the 6N7 noise-limiter is tapped
on the load resistor at a point such that the
average rectified carrier voltage (negative)
at its grid is approximately twice the negative
voltage at the cathode, both measured with
reference to ground. A filter network, R,C}, is
inserted in the grid circuit so that the audio
modulation on the carrier does not reach the
grid, hence the grid potential is maintained
at substantially the rectified carrier voltage
alone. The cathode, however, is free to follow
the modulation, and when the modulation is
100% the peak cathode voltage will just equal
the steady grid voltage.

At all modulation percentages below 1009
the grid is negative with respect to cathode
and current cannot flow in the 6N7 plate-
cathode circuit. A noise pulse exceeding the
peak voltage which represents 1009, modula-
tion will, however, make the grid positive
with respect to cathode and the relatively-low
plate-cathode resistance of the 6N7 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% modulation limit.
The system automatically adjusts itself to the
carrier level, and squelches noise when no
carrier is present,

Rs 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-
cathode resistance.

By proportioning the resistors properly, the
system can be adjusted to give silencing at any
pre-determined modulation percentage. With
the constants given, silencing starts at about

Ry
AV.C,<TMMA-—---
T
R5
C "
Ay.
. L o
IS 3

FIG. 752 — AUTOMATIC NOISE LIMITING CIR-
CUIT FOR SUPERHET RECFEIVERS

T —LF. transformer with balanced secondary for

working into diode rectifier.

R1, K2, R3 — 1 megohm, Ls-wati.

R4 — 1-megohm volume control.

Rs — 250,000 ohms, Y4-watt.

Ré, R8s — 100,000 ohms, Y4-watt.

R7 — 25,000 ohms, Y4-watt.

C1 —0.1-ufd. paper.

€2, C3 — 0.05-ufd. paper.

C4, C5 — 50-pufd. mica.

Cg — 0.001-xfd. mica (for r.f. filtering, if needed).

Sw —S.p.e.t. toggle (on-off switch).
The switch should be mounted close to the circuit

elements and controlled by an extension shafi if

necessary.

80% modulation, whieh has been found to give
effective noise limiting without introducing
objectionable audio distortion. The circuit also
is effective in c.w. reception, the time constant
of R1Cy being sufficiently rapid to follow nor-
mal keying speeds. Rg may be reduced or even
eliminated for more effective silencing in c.w.
reception.

Audio Limiter Circuits

A considerable degree of noise reduction in
code reception also can be accomplished by
limiter arrangements applied to the output
circuits of both superhet and regenerative
receivers.” Such limiters also maintain the
signal output nearly constant with fading, the
effect for both noise and signal limiting being
shown in Fig. 753. Diagrams of several output
limiter circuits are shown in Fig. 754. In the
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circuit of 4, a neon tube is connected effec-
tively in parallel with the headset, through the
audio transformer T, and sufficient d.c. volt-

Jlan,

No Limiting Output Limiting
A= NOISE
Mo Limiting Output Limiting

B-FADING SIGNAL

FIG. 1753 — ILLUSTRATING LIMITER ACTION
WITH NOISE-PEAK INTERFERENCE AND WITH A
FADING SIGNAL

age is applied to the tube so that it will ionize
and short-circuit the audio output on peaks
exceeding the desired signal level. The tube
should have the usual limiting re-
sistor in the base removed. This ar-

1s1. A.F. AMR 2
6Cs ot Rs

urates at a lower signal level. The arrangement
of D has the best limiting characteristics, and
is preferred. A pentode audio tube is operated
at reduced screen voltage (35 volts or so), so
that output power remains practically con-
stant over a grid excitation voltage range of
more than 100-to-1. The output limiter sys-
tems are simple and adaptable to most all re-
ceivers. However, they cannot prevent noise
peaks from overloading previous circuits and
do not bring the noise amplitude down below
the level of the signal as does the i.f. silencer
method. They are ineffectual with shock exci-
tation of a previous high-selectivity circuit.
(Refer to article by H. A. Robinson, February,
1936, QST, for details.)

Noise-Suppressor Audio Circuit

The audio noise-suppressor circuit dia-

NOISE
SUPPRESSOR
67 S 4

rangement is less effective than the it e it DRIVER AFANP
others shown. Circuit B employsa 7 000 ,'},‘,‘,? Lellerl
triode tube which is operated at e R ‘m“ = 4% 3077 Amp.
practically saturation signal excita- Soo0on 2 §
tion at normal plate voltage, with R,
the output to the 'phones tapped to ‘#*F Yooz RE
give a gomfortable audio level. I.n- ) tresadcont]
crease in signal strength or noise - R Re Ry =
peaks will then be ineffectual. This <& | moon  2s0n 200000
is not as satisfactory as the triode
250V.

circuit of C, in which the tube is op-
erated at reduced plate voltage (ap-
proximately 10 volts) so that it sat-

Vz
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R, C;F Ry
]

L
of

C

J Flf" :_8)

B

-B +8

FIG. 755 — NOISE-SUPPRESSOR CIRCUIT FOR AUDIO AMPLI-

FIERS

grammed in Fig. 755 is
adapted from the system used
in the RCA ACR-111 re-
ceiver. As with the systems
previously described, it op-
erates on pulse-type noise
interference and is adaptable
to receivers in which high-
selectivity circuits are not
used prior to the audio am-
plifier. It may be adapted to
regenerative autodyne re-
ceivers as well as to super-
hets. In this circuit, the
suppressor is a 6J7 or similar

pentode tube whose plate cir-

i

c +220v. D

FIG. 75¢ — OUTIPUT LIMITER CIRCUITS

Cp — 0.25 pfd. Vg — 56 or 76.

C2 — 0.01 ufd.

P —50,000-ohm limiter control
(preferably wire wound).

R1 — 0.5 meg.

Rz — 2000 ohmes.

R3 — 600 ohmes.

Y1 — l-watt neon tube (see text).

Ti1 — Step-up

pedance;
tanee).

Y3 — 41 pentode.

trausformer
ratio interstage).

T2 — Output transformer.

L1 — 15-henry choke.

Ph — Telephoues (20,000-ohm im-

+220v.

cuit effectively shunts the
input of the following audio
stage. The audio signal volt-
age across Rg, and conse-
quently across the input eir-
cuit of the following stage,
will depend on the ratio of the
plate impedance of the pen-
tode suppressor tube to the
resistance of R, the series
combination being essentially

(high

2000-ohm

resis-
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a voltage-dividing network. When the plate
impedance is high, the ratio will be high, so
that practically the total audio voltage devel-
oped across Ry and Ry will appear across the
suppressor tube’s plate circuit and be applied
to the following stage. With low plate impe-
dance (reduced negative bias on the suppres-
sor), however, the input to the following stage
will be practically shorted. In operation, the
control-grid bias on the suppressor tube is ad-
justed just below the point of plate current
cut-off by means of the potentiometer R7, so
that the desired signal is unimpaired by the
suppressor. Then short-duration noise impulses
of greater amplitude, tending to make the grid
more positive, will cause the suppressor plate
impedance to drop to a very low value during
each pulse, with a consequent reduction of
input to the following stage (and reduction of
noise output) during these intervals.

ANTENNA TUNING UNITS

OsviousLy the signal to noise ratio will be
improved by a means which makes the signal
strength at the receiver input as large as

L

T T

Feeders =G [ Recerver

L2
SUDE S FYTTY Iy 7/ E———

(A)
Ant,

1 Ls

[ e oo

=C Cm= Recerver

e Gnd

= (8)

~>

—— = wC3 Ant.
o

Feeders LS ELs Receiver
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FIG. 756 — THREE TYPES OF CIRCUITS FOR
COUPLING ANTENNA TO RECEIVER

A, balanced pi-section network; B, single-ended pi-
section network; C, tuned circuit with taps for
matching impedancecs.

C) — 150-pufd. variable.

C2 — 100-uufd. variable.

C3 — 50-pufd. variable or larger.

Li, L2, L3 =~ 25 turns No. 26, spaced to occupy l-inch
length on l-inch diameter form; tapped at
2nd, 5th, 9th, and 15th turns.

L4 — Proportioned to resonate with C3 in the desired
band.

Ls — 3 or 4 turns wound on Ly; see text.

FIG. 757 — RECEIVING-TYPE ANTENNA COUPLER
USING THE CIRCUIT OF FIG. 756-A

A two-section tap-switch is used to vary the in-
ductance of L1 and L2. Input and output terminals are
mounted on the rear of C1 and C2.

possible. This can be done by tuning the an-
tenna system to the incoming signal, a process
which is also favorable to the image ratio, as
has already been pointed out. A separate
antenna tuning unit, designed to couple
between antenna and receiver, therefore is a
desirable addition to the receiving equipment.
It is especially useful when, as is becoming
common practice, the transmitting antenna is
used for receiving.

Typical couplers of this type are shown
diagrammatically in Fig. 756. At A is the
balanced pi-section matching network, ap-
plicable to antenna systems using two-wire
feeders. Specifications suitable for average
conditions are given. A unit of this type is
shown in Fig. 757. Adjustment is simple; the
taps on L; and Ly are varied simultaneously
so that the same inductance is in use in each
branch, with trial settings of C; and (2 until
the signal strength on the desired frequency
is maximum. With the average antenna sys-
tem the settings are not critical, although
slight readjustment may be necessary when
going from one end to the other of a wide
band.

The single-ended pi-section filter is shown
at B. This filter is intended for use with a
single-wire antenna or other system worked
against ground. The unit of Fig. 757 may be
used with the coil on the ground side shorted
out.

A parallel-resonant circuit with provision for
impedance matching is shown at C. The coil L,
should be constructed so that the turns readily
may be tapped. The pickup coil, Ls, may con-
sist of, three or four turns wound around the
center of Ly, for the usual receiver having ap-
proximately 500-ohm input impedance. The
feeder taps on L4 should be adjusted for maxi-
mum signal strength when C3 is tuned to res-
onance. In case a single-wire antenna is used,
Lg should be coupled to the bottom of Ly, which
in turn is connected to ground. The antenna is
tapped on L4 at the point giving maximum
signal as before.
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amplification is available with the
regeneration control resistor, R3,in
addition to the range provided by
the r.f. gain control in the receiver.

The grid leak and grid condenser
are removed from the coil-con-
denser assembly and replaced by
a grid lead approximately 21,
inches long. The single wire con-
nection to the tuning condenser is
left intact. Two lug terminals are
provided at the rear of the band
switch; the one nearer the tuning
condenser is the cathode-tap switch

F1G. 758 — TOP VIEW OF THE REGENERATIVE PRESELECTOR,
SHOWING TUBE AND TUNING UNIT

A REGENERATIVE PRESELECTOR

s exvexsive superhet-type receivers in which
the mixer is coupled to the antenna usually
have poor image ratios, especially at 14 and 28
AMe. On the latter band, in fact, even a tuned
r.f. stage ahead of the mixer leaves much to be
desired in image suppression. Also, it is often
helpful to secure more over-all amplification,
with sets having a small number of tubes. A
separate preselector stage, adapted to working
into the reeeiver’s antenna input terminals, is
helpful in such cazes.

A simple regenerative preselector, suitable
for use with practically any tvpe of super-het
receiver, isshownin Fig. 758.' Any r.f. pentode-
type tube may be used; the cireuit is quite
similar to that used in the two-tube receiver
described earlier in the chapter, but with the
parallel-fed plate circuit of the tube capacity-
coupled to the receiver antenna-input circuit.
Coil switching is used to facilitate band-chang-
ing, but plug-in coils may be substituted if
desired; the coil assembly shown is a manu-
factured unit intended for regenerative re-
ceivers.

To adjust the circuit so that the desired
amateur band is properly located on the tuning
dial when the switch is set at the correct
position, mica-dielectric trimming condensers,
('s, are connected in parallel with the tuning
coils.

In the circuit diagram, Fig. 759, it will be
noted that the antenna is coupled through a
variable condenser, C;. Thisis a mica-dielectric
unit of the trimmer type, and is supplied as
part of the commercial assembly.

Blocking condenser (s, resistor /), and the
rf. choke in series with R form the cathode
bias circuit of the amplifier. No control is
specifieally provided for r.f. gain, although a
2000-ohm variable resistor could be added in
series with the 300-ohm bias resistor for this
purpose if desired. However, a wide range of

terminal and must be connected to
the cathode blocking condenser,
C, while the terminal farther from
the tuning condenser is wired through the
antenna condenser, Cy, to the grid connection
of the coil switch. This terminal is used for the
antenna connection post on the preselector.

Two lug strips are screwed to the aluminum
chassis. One strip with a single lug is used to
support the end of Cs opposite the plate
terminal of the tube, and at the same time to
provide a terminal for the connection to the
antenna post on the receiver. A second strip,
with four insulated lugs, provides anchorage
for the other connections which must be insu-
lated from the chassis.

The regeneration control resistor, Rsa, is
mounted directly below the coil switch.

TO RECEIVER
ANT. CONNECTIONS

GNO.  ANT.
ANT Ce

ECE- =£’
N

14
ELI

Ry

- 8+
6.3v. for /851, — B
éK7,0r 606 4 - CONDUCTOR

CABLE TO RECVR.

FIG. 759 — CIRCUIT DIAGRAM OF THE REGEN-
ERATIVE PRESELECTOR
(When a metal tube is nsed the shell should be
grounded.)
C1 — 5-25-uufd. variable mica trimmer.
Cg — 3-25-pufd. variable mica trimmer (one for each
coil).
C3 — 15-pufd. variable air-tuning condenser.
Ca, Cs — 0.01-pfd. fixed, tubular paper or mica.
Ce — 250-pufd. fixed mica.
Ri — 300-0ohm, l-watt carbon.
Kz — 50,000-ohm, 1-watt carhon.
R3 — 25,000-chm receiving-type carbon-element po-
tentiometer.
11 — (Browning Lahoratories Unit). See Coil Table.
RFC — 2.5-millihenry receiving-type r.f. chokes.
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Power may be taken from the receiver
through a four-conductor cable. If the receiver
uses 6.3-volt tubes, a 6K7 tube may be used
in the preselector; a 58 may be used if the
receiver is equipped with 2.5-volt tubes.

The preselector should be placed as near the
receiver as possible to provide for short con-
nections between its output and the receiver
antenna terminals. With the antenna con-
nected to the receiver, some amateur station
in the 20- or 40-meter band should

the triode section is usually connected to the
a.v.c. line as shown; however, it may also be
connected to a diode signal rectifier as in Fig.
741. The particular type of tube to use will
depend upon the voltage available for its grid;
where the a.v.c. voltage is relatively large,
a remote-cutoff type tube should be used in
preference to the sharp-cutoff type such as the
6E5. The cathode-ray tuning indicator is an
inexpensive addition to a superhet receiver,

be tuned in. The antenna connec-
tion should then be moved from
the receiver to the preselector, and
the output of the latter connected
to the receiver. Then, with the
switch of the preselector set for
the band on which the receiver is
tuned and the tuning condenser
dial set at approximately half-
scale, the trimmer on the coil in
use should be adjusted for maxi-
mum signal strength by means of
a screwdriver. If the regeneration-
control resistor is moved from
mininum to maximum screen-
voltage position during thisadjust-
ment process, it will be found that
the preselector can be made to
oscillate. In operation, Rz should
be set just below the oscillating point; at this
adjustment, the tuning is quite sharp, the
trimmer condenser, Cs, then should be set so
that the band is centered on the tuning dial.

This procedure, which should be repeated on
the other amateur bands, need be followed
through only once for a single antenna. How-
ever, a change of receiving antennas may
necessitate slight readjustment of at least the
antenna coupling condenser, and possibly of
the various trimming condensers as well. The
antenna coupling condenser should be set to
give a good balance between sensitivity and
freedom from blocking. Because only one
antenna condenser is used, the final setting is
determined by the general operation of the
preselector on all bands, or on the bands on
which its operation is considered most im-
portant.

SIGNAL STRENGTH AND TUNING
INDICATORS

A useron accessory to the receiver is an
indicator which will show relative signal
strength, Not only is it an aid in giving
reports, but it also is helpful in aligning the
receiver circuits, in conjunction with a test
oscillator or other steady signal.

Three types of indicators are shown in Fig.
761. That at A uses an electron-ray tube, sev-
eral types of which are available. The grid of

FIG. 760 — BOTTOM VIEW OF THE REGENERATIVE
PRESELECTOR

PRESELECTOR COIL DATA

All coils wound on bakelite forms, 84-inch diam-
eter by 154-inch length.

Total Turns from Spacing, or
No. Ground to Winding
Frequency Turns Tap Wire Length
1.7 Me..... 135 9.5 34* Close-wound
3.5Mc..... 55 3.5 27%  Close-wound
7Me....... 20 1.5 22 2%’ length
14Mec...... 9 1.5 18 3 length
28 Me.. . 6 1.5 18 14 length

~* Enamelled.

and is useful for tuning and lining-up purposes.
It is not readily calibrated for signal-reporting
purposes, however.

In B, a milliammeter is connected in series
with the d.c. plate leads to the r.f. and i.f.
tubes whose grids are controlled by a.v.c.
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 “8” points. The
scale range of the meter should be chosen to
fit the number of tubes in use; the maximum
plate current of the average remote-cutoff r.f.
pentode is from 7 to 10 milliamperes. The
disadvantage of this system is that the meter
reading decreases with increasing signal
strength. The sensitivity also is limited and
cannot easily be controlled.
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AvC.
LINE

+250

FIG. 761 — TUNING IN-
DICATOR OR “S*’-ME-

_L—il— TER CIRCUITS FOR
= SUPERHET RECEIVERS
“ ot A, electron-ray indica~

tor; B, plate-current

SCREENS Rz R, metcr for tubes on a.v.c.;
AND VOLY/;(&E C, bridge circuit for a.v.c.
LI 3 controlled tube. In C,

3

representative valuesare:
+B Ri, 250 ohms; Rz, 350
ohms; R3,1000-ohm vari-
able (National Co.).

The system at B uses a 0--1 milliammeter in
a bridge circuit arranged so that the meter
reading and signal strength increase together.
The current through the branch containing 2y
should be approximately equal to the current
through that containing Rs. In some manu-
factured 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 if. stages) through Rj, 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
making R, R and Rj larger. The initial set-
ting is made with the manual gain control
set near maximum, when Rj3 should be ad-
justed to make the meter reading zero with no
signal.

HETEROTONE €C.W. RECEPTION

TuE c.w. beat-note obtained with a hetcro-
dyne oscillator is a piercing tone of practically
a single frequency, with unmodulated ec.w.
transmission. This is somewhat fatiguing in
long sessions of operation, although the pitch
may be varied by adjustment of the beat-
oscillator frequency. The character of the
sound as well as its actual audio power may be

improved by adding double-sideband tone
modulation in an i.f. amplifier stage preceding
the final detector.!! This is accomplished by
using an audio-frequency oscillator to modu-
late one of the i.f. amplifier tubes. A practical
circuit which has been used successfully to
modulate the screen of an i.f. stage following
the crystal filter in an 8.S. superhet receiver is
shown in Fig. 762. The effect is much the
same as if the modulation had been applied to
the signal at the transmitter. The tone should
be heard only when a signal passes through the
i.f. amplifier, of course, since the tuned i.f.
circuits will not transmit the audio frequency
except as sidebands on the signal carrier. The
actual audio output from the second detector is
greater when the modulated signal is hetero-
dyned by the beat oscillator than for the same
signal unmodulated, because additional audio
power is produced by beats between the c.w.
oscillator and the sidebands produced by the
tone modulation, while the aural effect makes
the signal sound much louder. The tone
modulation should be applied in a stage
following the crystal filter; otherwise, the
sidebands will be largely attenuated by the
selectivity of the filter eircuit. In applying
this heterotone system to a receiver, particu-

Isv. |.LF AMP
58,606,
To
2nd. 1.FAm,
1 Xal ~-— or 2nd Dec.
Filter and
First Det.
I a0
TO MANUAL G.C. +B  TOAVC
AUDIO TONE MODULATOR
.76 0r_6C6 R
T
L C2
R
100 to ns: [ . +s6.
150 ¥ = ry L J_ oL (0w
41~
Rz - =
o +8
Sw, (250v)
FIG. 762 — THE HETEROTONE MODULATOR
CIRCUIT

‘I't — Push-pull input typc audio transformer.

C1 — 0.002-ufd. fixed condenser (paper).

C2 — 500-ppfd. primary tuning condenser (various
sizes should be tried until tone is hetween 500
and 1000 e.p.s.).

C3—1- to 4-pfd. plate by-pass condenser (paper or
clectrolytie).

€y — 1- to $-pfd. scr pply by-p

C5 — 0.002-xfd. screen-grid r.f. by-pass.

R — 100,000-0hm grid leak.

1tz — 100,000-ohm plate-voltage dropping and filtering
resistor.

k3 — Audio load resistor (100,000-ohm or smaller).

R4 — 20.000-ohm or smaller cathode resistor.

SWi — Single-pole toggle switch (audio “On-0ff*").
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lar care must be taken to prevent output of
the tone oscillator from reaching the audio
circuits directly, and to prevent c.w. beat
oscillator voltage from reaching the earlier i.f.
circuits. Otherwise, strong continuous tone
output will result whether a signal is present
or not.

SERVICING SUPERITIETERODYNES
I~ appitiox to the general receiver servicing
suggestions already given, there are a few others
for troubles peculiar to superhet type receivers.
Generally poor performance, characterized by
broad tuning and poor sensitivity, calls for
checking of the circuit tuning and alignment
as previously described. The procedureis tostart
with the receiver output (audio) and work
back through the second detector, i.f., and
high-frequency circuits, in the order named.

In case of oscillation in high-frequency am-
plifier and first detector circuits, as evidenced
by squeals or ‘“birdies” with varying of their
tuning, look for 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
baffe shield between the stators of pre-r.f. am-
plifier and first-detector ganged tuning con-
densers, in addition to the usual tube and
inter-stage shielding. A metal tube with an un-
grounded shell will cause this trouble. Im-
proper screen-grid voltage, as might result
with a shorted or too-low screen-grid series re-
sistor, also could be responsible.

Oscillation in the i.f. circuits, independent of
high-frequency tuning and indicated by a con-
tinuous squeal when the gain is advanced with
the ¢.w. beat oscillator on, will result {rom simi-
lar defects in i.f. amplifier circuits. Inadequate
cathode resistor by-pass capacitance is a very
common cause of such oscillation. Additional
by-pass capacitance, 0.1 to 0.25 ufd., usually
will remedy it. The same applies to screen-grid
by-passes of i.f. tubes.

“Birdies” and “mush” occurring with tun-
ing of the high-frequency oscillator may indi-
cate that it is ‘‘squegging” or oscillating
simultaneously at high and low frequencies.
This may be caused by a defective tube, too-
high oscillator plate or screen-grid voltage,
excessive feed-back in the oscillator circuit or
excessive gridleak resistance.

Excessive ‘“hiss” may be caused by a defec-
tive h.f. or i.f. tube, by an open grid circuit,
or by misalignment of high-frequency or i.f.
circuits. It may be helpful in some cases to
reduce the oscillator screen voltage, in the
case of an electron-coupled oscillator, or the
plate voltage in the case of a triode. The same

symptoms and remedies apply to the c.w.
beat oscillator and its coupling to the second
detector, There should be some increase in hiss
when the latter is switched on, as a result of the
i.f. noise components beating with the carrier
it furnishes in the second detector.

High-frequency harmonics from the c.w.
beat oscillator will show up as steady ‘“car-
riers”’ which tune in like signals. These can be
identified by disconnecting the antenna. If
they remain the same with antenna on or off,
they are almost certainly traceable to the beat
oscillator, and are prevented by the design
precautions which have been given. Other
“birdies’’ which show up in the operation of
the receiver are likely to result from image
interference. An image beat with an on-tune
signal can be identified in two ways: First, it
will seem to tune twice as fast as a proper
signal; that is, the beat note will go through
the audible range with about half as much
tuning dial movement. Second, with a single-
signal receiver an image will “peak’ on
the opposite side of zero beat to the side on
which normal signals peak as the receiver is
tuned. The last method gives positive image
identification with the receiver’s beat oscillator
on.

If a receiver equipped with a.v.c. blocks on
moderately strong signals when the a.v.c. is
supposed to be on, check to make certain that
it ¢s in operation. If a separate a.v.c. tube is
used, check to see that it has not burned out or
failed otherwise. If motorboating occurs with
a.v.c., a defective tube, open load resistor or
leaky by-pass condenser may be at fault. In-
sufficient time constant (too-small by-pass
capacitance) and inadequate r.f. filtering in the
a.v.c. feed circuits also can cause this trouble.
On excessively strong signals, sufficient to drive
the grid of a controlled tube positive, the same
effect is likely where a.v.c. is applied to only
1 or 2 stages. It is not probable with the full
range a.v.c. available in the better type re-
ceivers.

A similar motorboating effect may occur
with high- selectivity receivers, especially where
a crystal filter is used. It is most noticeable
with a.v.c. in operation. Its source is principally
instability in the high-frequency oscillator.
Slight changesin plate supply voltage cause the
i.f. signal to fluctuate in and out of i.f. reso-
nance as the consequence of thisinstability. The
changes in supply voltage, in turn, are caused
by variation in load on the supply with varia-
tion of plate current on the stages having a.v.c.
applied — so that the oscillator frequency
“hunts” about the proper value which would
keep the intermediate frequency constant on
resonance. This trouble can be eliminated by
improving the voltage regulation of the supply
and the stability of the oscillator.
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JUDGING RECEIVER PERFORM-
ANCE

WHILE complete quantitative information on
the characteristics of a superhet would require
a number of measurements with laboratory
equipment, a qualitative estimate of relative
sensitivity, stability and band-spread can be
made without special means. These rough
checks may be used for comparison of receiv-
ers in purchasing manufactured models, or in
arguments concerning amateur-built types.
Sensitivity: The limiting factor determining
the effective sensitivity of a receiver is its
own noise ratio. For a given degree of selectiv-
ity (band width) this is determined by the
gain in the first circuit. With the antenna dis-
connected, a rough check on this gain can be
made by shorting the first tuned circuit of the
receiver, leaving the other circuits unaffected,
and noting the variation in noise output on a
rectifier-type voltmeter connected across the
output terminals. The c.w. beat oscillator
should be switched on to furnish a carrier in
the second detector of a superhet, gain should
be full-on and a.v.c. should be switched off.
The noise output should decrease with detun-
ing, showing that the first circuit has appreci-
able impedance as evidenced by thermal agita-
tion voltage. If it does not decrease, the gain
of this circuit is negligible. This test should be
made on each frequency band. Little change is
likely on 14 Mc., but should become appre-
ciable on 3.5 and 1.7 Mec. The test should be
made on r.f. amplifier and detector stages.
Unchanged noise with the first detector input
shorted would indicate that the first detector is

the principal source of noise and that there is
little gain ahead of it.

Stability: With the beat oscillator on and a
steady signal tuned in, vary the manual r.f.
gain control rapidly. This will affect the oscil-
lator plate supply voltage, as a result of vary-
ing r.f. stage plate current load. The beat note
should vary but a few hundred cycles. Another
check can be made for temperature stability
by noting the change in beat note for a quarter-
hour or so after “cold start” of the receiver.
Mechanical stability can be checked by jarring
the receiver and pushing against its panel and
the sides of its cabinet, noting the shift in
c.w. beat note.

Band-Spread: Band-spread on each amateur
band can be judged by the tuning rate and the
calibration spread. Tuning rate is the average
number of kilocycles covered with each rota-
tion of the tuning knob, while calibration
spread is the average number of kilocycles
represented by each of the smallest tuning
scale divisions. Tuning rate of approximately
50 kilocycles per knob rotation is generally
satisfactory in high-selectivity s.s. receivers,
assuming a knob of “natural” size (approxi-
mately 2-inch diameter). Calibration spread of
10 ke. or less per scale division is satisfactory
for reset and logging purposes.
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CHAPTER EIGHT

TRANSMITTER DESIGN AND
CONNTRUCTION

Principles of Transmitter Operation — Considerations in Design
Determination of Coil and Condenser Dimensions
Tuning Procedure — Crystal and FElectron-

Coupled  Oscillators — Construction of

wxciters

and Amplifiers —

Band-Switching — Gang
Tuning

A RADIO transmitter is a device for
converting d.c. or low-frequency a.c. power
into power at the high frequencies used in radio
communication and delivering it to a suitable
radiating system. In the case of a radiotele-
phone transmitter, the output of the trans-
mitter must be properly modulated at voice
frequencies. Besides delivering radio-frequency
power to the antenna, an amateur transmitter
must be designed to meet certain requirements
imposed by present-day operating conditions.
It must have high frequency stability; that is,
the generated radio frequency must not vary
appreciably from a fixed value. Its output
must be free from supply-frequency modula-
tion, which means that the signal must sound
as though the transmitter were powered from
batteries even though the actual source may be
the a.c. mains. The latter condition is met by
the use of suitable types of power supply.
Power-supply design and systems for modu-
lating the output at voice frequencies for
radiotelephony will be discussed in later chap-
ters, This chapter will deal only with the radio-
frequency circuits of the transmitter.

FUNCTIONAL UNITS

l‘ADIO-FREQUENCY circuits performing three
distinctly different functions are commonly
found in amateur transmitters. The oscillator
is the fundamental frequency-generating unit.
It is sometimes used to deliver the radio-
frequency power generated to the antenna, al-
though, more often, it is used in conjunction
with a power amplifier which increases the

power level at the oscillator frequency before
delivering it to the antenna.

The third funectional type is the frequency
multiplier. As its name implies, it is used fre-
quently as a convenient means of increasing
the frequency delivered to it by the oscillator
or a preceding frequency multiplying stage.
Since the multiplier is seldom used for a multi-
plication greater than two in amateur trans-
mitters, the term frequency doubler or simply
doubler will be encountered most frequently.
I'requency doublers are usually followed by a
power amplifier which delivers power to the
antenna, although instances will be found in
which a high-power doubler feeds the antenna
directly. Beforc studying these functional eir-
cuits in detail, let us consider some of the
various units which comnmonly comprise these
circuits. Most of them will be found in eircuits
of all three types.

Circuit Components

The principal parts which are frequently
found in the r.f. circuits of a transmitter are:
the tuning condenser, tank coil, grid leak, cathode
resistor, series vollage-dropping resistor, voltage
dwzider, filament center-tap resistor, by-pass con-
denser, blocking condenser, r.f. choke, coupling
condenser, coupling link and neutralizing con-
denser.

Tank Circuits
The basie transmitter circuit, shown in Iig.
801, consists of a vacuum tube with a tuned
circuit connected between grid and cathode
and another tuned circuit between plate and
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cathode. The condensers Cy and Cs are termed
tuning condensers or tank condensers while the
coils Ly and Ly are referred to as tank coils. The
combination of condenser and coil is usually
called the tank ctrcuit because of its ability to
store energy and deliver it to the load circuit
during intervals in which no plate current
flows.

The chief functions of the plate tank circuit
are to provide a proper load for the tube to
which it is connected, to filter out harmonics
and, often, to provide a suitable means of

A — SINGLE TUBE

Ly

B — PARALLEL

C—PUSH-PULL

FIG. 801 — BASIC CIRCUITS

A — For single tube. B — Tubes in parallel. C —
Tubes in push-pull. Ci-L; and C2-L2 comprise the grid
and plate tank circuits respectively.

coupling energy to a succeeding stage or to an
antenna. In self-controlled oscillator circuits
(to be discussed later), the plate tank circuit,
or a tank circuit common to both grid and
plate also determines the frequency at which
the oscillator generates.

The tuned circuit connected to the grid is
required to provide a high-impedance between
grid and cathode so that maximum r.f. voltage
will be delivered to the grid. In many cases, it
affords a means of impedance matching.

In rf. circuits, tubes of the same type may
be operated in parallel, push-pull or push-pull-
parallel for greater power output than that ob-
tainable from a single tube. With parallel
operation, the circuit is the same as for one
tube since the same elements in each of the

parallel tubes are simply connected together as
shown in Fig. 801-B. When tubes are con-
nected in parallel, it is obvious that the total
electrode capacity will double; therefore, the
parallel connection is not often found in higher-
frequency circuits where it is important that
these capacities be minimized., Tubes of low
input and output capacities may be paralleled
successfully at the lower frequencies,

The push-pull circuit uses a balanced tank
circuit; the center point is at ground potential.
The typical circuit is shown in Fig. 801-C. In a
circuit of this type, the tube capacities are
effectively in series and, therefore, in general,
this connection is preferable to the parallel con-
nection for the higher frequencies, although
the theoretical power output will be the same
with either,

The push-pull-parallel circuit is the same as
the push-pull circuit except that two tubes are
connected in parallel on each side of the circuit.
Since it is usually more feasible to use two
tubes of higher power rating than four of a
lower power rating, this type of circuit is rare
in amateur design. The tube capacities com-
bine to have the same effective value as the
capacity of a single tube or twice the effective
capacity of the simple push-pull arrangement.

Certain modifications of the basic circuit,
which will be discussed later, will be encoun-
tered occasionally; certain oscillator circuits
make use of a common tank circuit for both
grid and plate, while the plate tank circuit of
an amplifier or oscillator may also serve as the
grid tank circuit of a following stage. Tank cir-
cuits may be balanced, if the ground point is
at the center of the tank coil or condenser, or
unbalanced if grounded at some other point.
The principles involved remain the same, how-
ever. Since factors involved in the design of the
tank circuit depend upon the functional type
of circuit in which it is to be used, they will be
discussed later in specific relation to each of
these types.

Vacuum-tube circuits must be supplied with
d.c. voltages from external sources and certain
branches must be added to the basie circuit to

i

-
A-SERIES BIAS FEED B- PARALLEL BIAS FEED

FIG. 802 — METHODS OF INTRODUCING GRID-
BIASING VOLTAGE

146



TRANSMITTER DESIGN AND CONSTRUCTION

permit introduction of
these d.c. voltages with-
out hampering the opera-
tion of the r.f. circuit.
D.c. voltages to grid or
plate or both may be

either series-fed or paral-
lel-fed, depending upon
whether the voltages are
fed to the electrode
through the associated
tuned circuit or through
a choke coil effectively in
parallel with the tuned
circuit.

All components found
in transmitter circuits
aside from the tank cir-
cuits comprising the ba-
sic circuit of Fig, 801
and the neutralizing con-
denser are for the pur-
pose of permitting the
introduction of the required potentials to the
various electrodes of the tube while limiting
the flow of r.f. currents to the basic circuit.

The grid leak, cathode resistor, voltage-drop-
ping resistor and voltage divider are resistances
inserted at proper points to adjust the d.c.
voltages of the various electrodes of the tube
to proper operating values,

Feeding the Grid

As explained in the chapter on vacuum
tubes, all oscillators, amplifiers and frequency
multipliers require a d.c. biasing voltage be-
tween grid and cathode. Therefore, a branch
must be added to the basic circuit by means of
which this d.c, bias may be introduced without
interfering with operation of the basic circuit.
This may be accomplished by introducing a
biasing voltage from an external source, such as
a battery or low-resistance power pack con-
nected in series with the grid tank circuit as
shown in Fig. 802-A, or by parallel-feeding
through an r.f. choke which offers high im-
pedance to the flow of r.f. currents although
permitting unimpeded flow of d.c. as shown in
Fig. 802-B.

Grid- Leak Bias

Grid bias may also be obtained by means of
a resistance connected in any of several ways
as shown in Fig. 803. When used in this man-
ner, the resistance is called the grid leak and is
designated in the diagrams of Fig. 803 as R;.
When the r.f. signal at the grid is of sufficient
magnitude to drive the grid positive over a
portion of the excitation cycle (as it must in all
oscillators and r.f. power amplifiers), rectified
grid current flows from grid to cathode, in the
manner of a rectifier, and thence through

- +
FIXED BIAS-SERIES

FIXED BIAS-PARALLEL

803 — SYSTEMS FOR OBTAINING GRID-
BIASING VOLTAGE FROM GRID LEAK

The path of rectified grid current is shown by arrows

FIG.

the grid-leak resistance back to grid, as indi-
cated by the arrows, causing a voltage drop
between cathode and grid, across the resist-
ance, placing the grid at an average negative
potential in respect to the cathode. At A and
B (Fig. 803), the grid is series-fed. Circuit B is
preferred by some because the condenser across
the resistance and the resistance itself may
have some capacitance to ground and, there-
fore, raise the minimum capacitance in parallel
with the tank coil. The arrangement at A will
be found most frequently in low-power oscilla-
tor circuits where the physical size of the units
is small. At C the grid is parallel-fed.

In many instances, it is desirable to provide
fixed bias from an external source in addition
to that provided by the grid leak so that the
grid-biasing voltage will not fall to zero when
the r.f. excitation voltage is removed. This
fixed biasing voltage may be connected in series
with the grid leak as shown at D and E (Fig.
803). The resistance of the external biasing
source must be taken into consideration as
explained in Chapter 14 because its resistance
will have the same effect as that of the grid leak.

In all cases, the rectitied grid voltage de-
veloped across the grid leak may be caleulated
by inserting a d.c. milliammeter in the circuit, as
indicated in the diagrams, and multiplying this
current in milliamperes by the resistance of the
grid leak in ohms and dividing by 1000,
adding to this calculated value the value of any
fixed bias connected in series with the grid
leak to determine the total grid-biasing voltage.

Grid-leak values used in practice vary widely
depending upon tube characteristics and the
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function of the circuit. They may range from
5000 to 100,000 ohms in oscillator circuits and
from 1000 to 20,000 ohms or so in amplifier
circuits. Tubes with a high amplification
factor usually require the lower values of grid-
leak resistance. Suitable values for most power
tubes are given in the tables in Chapter 5. A

-——

times used in conjunction with the grid leak
previously described.

Feeding the Plate

Vacuum tubes also require a supply of d.c.
voltage between plate and cathode. This is ob-
tained, of course, from a high-voltage supply,
such as a battery, generator or
transformer-rectifier system, all
of which are discussed in Chap-
ter 14, This voltage may be
fed to the plate in series with
the plate tank circuit, as shown
in Fig. 805-A, or in parallel,

P

|

- HV *+
A ~CATHODE BIAS-SERIES FEED

CATHODE RESISTANCE
itz — Cathode biasing resistance.

tube used as a doubler will usually function
more efficiently if a higher value of grid-leak
resistance is used than when the same tube is
used as a straight amplifier.

Two tubes in parallel or push-pull will re-
quire a grid-leak resistance of one-half the
value recommended for a single tube; four
tubes in push-pull-parallel will require one-
quarter of the value for a single tube. Grid-
leak bias alone, or in combination with a pro-
tective amount of fixed bias, is ideal for most
cases of operation since the biasing voltage
developed varies with excitation and, there-
fore, the biasing adjustment is automatic over
a fairly wide range of excitation,

Cathode Biasing Resistor

The cathode resistor is used also, under cer-
tain circumstances, to provide the grid-biasing
voltage. It is connected, as shown in Fig. 804,
in such a position in the circuit that not only
rectified grid current but also plate current
flows through the resistance as
indicated by the arrows. Since
the total current flowing
through the cathode resistance
is much higher than in the case
of the grid leak, a lower value (,
of resistance may be used for
the same voltage drop. Most

B - CATHODE AND GRID - LEAK BIAS —
PARALLEL— FEED

FIG, 804 — METHODS OF OBTAINING BIASING-VOLTAGE FROM

as shown in Fig. 805-B.

Series Voltage-Dropping Re-
sistor and Voltage Divider

Occasions may arise in which
a small amount of power at a
lower voltage than that de-
livered by the power supply is
required. The power required
may be so small as to hardly
warrant the use of a separate power supply for
the purpose. In this case, a series voltage-drop-
ping resistor is often used. Typical cases are
shown in Fig. 806. At A, a resistance K3 is used
in series with the screen-grid of a tetrode or
pentode tube and the positive terminal of the
power unit supplying plate voltage to the tube.
At B, a similar resistance is used to drop the
plate voltage applied to a high-power stage to
supply the plate of a second tube requiring less
plate voltage. The value of resistance required
in any case is equal to the drop required in
volts divided by the current in amperes drawn
by the electrode to be supplied, in these in-
stances the screen at A and the plate at B. The
series voltage-dropping resistance is of practi-
cal use only in cases where the current drawn
by the electrode in series with the resistance is
fairly constant or where the voltage drop re-
quired is small because voltage regulation is
extremely poor. If the current drawn by the
electrode supplied through the resistance is cut

of the voltage drop across the
cathode resistor is taken from
the effective plate voltage which
is one of the disadvantages of
the system when used in con-
nection with low-x tubes re-
quiring high biasing voltages.
A cathode resistance is some-

Ca ST
L, RFC RFC | L,
Ly ] ‘ T e
1 T Rl — | —
L

+ HV -
B - PARALLEL PLATE FEED

- H.V. +
A SERIES PLATE FEED

FIG. 805 — METHODS OF FEEDING HIGH YOLTAGE TO PLATE
A — Series feed.

B — Parallel feed.
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off, the voltage drop through the
resistance is zero and full power-
supply voltage is applied to the
clectrode.

This disadvantage is overcome
to a certain extent by connecting
a second resistor as shown at C

and D (Fig. 806). The combi-
nation is known as a voltage di-
vider. The additional resistance
draws current through the first,
preventing the current through
the first falling to zero at any
time. While the voltage regula-
tion of the voltage divider is su-
perior to that of the simple series resistor, it is
still very poor- unless appreciable power is
wasted by using resistances of low value. The
design of voltage dividers is discussed in de-
tail in Chapter 14.

Center-Tap Resistor

As explained in Chapter 5, all high-power
tubes employ directly-heated filaments or
cathodes in contrast to the indirectly-heated
cathodes found in most receiving tubes and
many low-power transmitting tubes. To pre-
vent hum with filament-type tubes it is neces-
sary to return the grid and plate circuits to the
electrical center of the filament circuit, as
shown in Fig. 807. Most filament transformers
are provided with a tap at the center of the
secondary winding as shown at A. When no cen-
ter-tap is provided, a resistance of 50 to 100 ohms
may be used for the same purpose asshown at B.

Ry

LIE :[.‘f‘
- llc’
| R
A ETT ] i
=HV +
L CT}E‘ b2

—-HV +

F1G. 807 — METHODS OF MAKING RETURN CONNECTIONS TO
FILAMENT CENTER-TAP TO PREVENT FILAMENT-SUPPLY MOD-

ULATION

The By-Pass Condenser

The next three circuit components to be dis-
cussed are the by-pass condenser, the blocking
condenser and the radio-frequency choke. The
common function of these is to limit the flow
of r.f. currents to the basic circuit of I'ig. 801.
The by-pass condenser offers a low-impedance
path to r.f. currents while it acts as an insulator
in d.c. circuits. It may therefore be connected
across points in the circuit at which the power
supply is introduced as shown at Cj, Figs. 802
to 807, to prevent r.f. currents flowing back
into the power supply, or across resistances,
which might offer a high-impedance path to
r.f. currents, without short-circuiting either the
power supply or the resistances. Although little
r.f. voltage should appear across r.f. by-pass
condensers, condensers with a peak-voltage
rating 25 to 50 per cent greater than the d.c.
voltage across which it is placed should be
chosen as a safety measure;
when placed across circuits
carrying modulation as well
as d.c., the peak-voltage rat-
ing should be three to four
times the d.c. voltage.

Capacity values of by-
pass condensers are not crit-
ical; values between 0.001
and 0.01 ufd. are commonly
used. The larger values
should be used especially
when the r.f. circuit is op-
erating at the lower fre-
quencies. Any condenser by-
passing a modulated circuit
should be limited to 0.002
ufd. to prevent by-passing
of the higher audio frequen-

~ HV. +

-

FIG. 806 — ILLUSTRATING USE OF SERIES VOLTAGE-DROPPING
RESISTANCE AND VOLTAGE DIVIDER

Rz is the voltage-dropping resistance while R¢ completes the voltage

divider.

cies ns well as the r.f. cur-
rents, For voltages up to
500, tubular paper con-
densers are satisfactory if of
the non-inductive type; at
higher voltages, molded mica
condensers are recommend-
ed. A by-pass condenser
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should be connected as close as possible to the
point to be by-passed and grounded to the
nearest available point on the metal chassis or
ground-potential wire.

The Blocking Condenser

A blocking condenser is used for the purpose
of insulating a circuit for d.c. and yet permit-
ting the unimpeded flow of r.f. currents. It is
found most frequently in parallel-fed circuits
such as some of those shown in Figs. 802 to

—HV+
LINK COUPLING

=HV+
CAPACITATIVE COUPLING

FIG. 808 —ILLUSTRATING USE OF COUPFLING
COUPLING LINK

(g — Coupling capacity. L — coupling link,

807. The blocking condenser is labelled Cj.
It permits the flow of r.f. currents through the
plate circuit of the tube and yet prevents
short-circuiting of the d.c. plate-voltage supply
through the tank coil. Its function is actually
the same as that of the by-pass condenser
although it is considered in a somewhat differ-
ent sense. Because the blocking condenser
should have low capacity to ground when
mounted near a grounded metal surface such as
the chassis or metal base upon which the trans-
mitter may be constructed, mica condensers
are preferable for the purpose. Commonly used
values are 0.001 to 0.005 ufd. Voltage ratings
should be similar to those recommended for
by-pass condensers.

The Radio-Frequency Choke

The radio-frequency choke is a winding offer-
ing high impedance to the flow of r.f. current
but low resistance to the flow of d.c. It is used
most commonly in parallel-fed circuits where
it is inserted in the power-supply feed line to
prevent the flow of r.f. currents through the
power supply. It is used frequently between
the grid of a tube and the grid leak for the
same purpose, or to provide a return path for
d.c. without short-circuiting the tuned circuit
for r.t. 1t is used as shown in Figs. 802 to 807
where it is labelled r.f.c. The most effective
types of r.f. chokes are those which are
machine-wound in sections. These are avail-
able at reasonable prices from several manu-

facturers. They are designed to be effective at
all of the lower-frequency bands used by
amateurs.

Coupling Condenser and Link

The coupling condenser is used to couple the
plate circuit of one tube to the grid circuit of
another. When a condenser is used as the
coupling medium between stages of a trans-
mitter, the stages are said to be coupled
capacitively. The circuit most frequently
encountered is shown in
Tig. 808-A where Cjis the
coupling condenser.

The coupling link is a
small winding, L3 in Fig.
808-B, coupled induc-
tively to the tank coil.
1t serves to feed a low-
impedance transmission
line coupling two stages
of a transmitter. These
two components, as well
as the neutralizing con-
denser, will be discussed
later at more appropriate
points,

1t
(o]
w

CONDENSER AND

FUNCTIONAL CIRCUITS
The Oscillator

s MENTIONED previously, the oscillator is the
fundamental frequency-generating unit of the
transmitter. All oscillators operate on the prin-
ciple of energy feedback from the plate circuit
to the control-grid circuit as explained in
Chapter 5. Common practice, however, divides
oscillators into two groups: those in which the
oscillation frequency is determined by the
circuit constants — called ‘‘self-controlled”
oscillators — and those in which the frequency
of oscillation is principally determined by an
clectro-mechanical device, the piezo-electric
crystal. The latter are called ‘‘crystal-con-
trolled” oscillators., The relative ease of secur-
ing excellent frequency stability with the
crystal oscillator has led to its universal adop-
tion. For that reason self-controlled oscillators
will be discussed only briefly.

Self-Controlled Oscillators

Although many circuits and variations are
possible, the three shown in Fig. 809 are the
most generally satisfactory. These are the
Hartley, tuned-plate tuned-grid, and the push-
pull tuned-plate tuned-grid.

Tuned-Plate Tuned-Grid Oscillators

The basic circuit of Fig. 801 will be immedi-
ately reccgnized in the tuned-plate tuned-grid
circuit shown in Fig. 809. The two tank cir-

150



TRANSMITTER DESIGN AND CONSTRUCTION

cuits are not coupled inductively, the grid-plate
capacity of the tube being utilized to provide
the coupling between the grid and plate circuits.

The grid and plate tank circuits of the t.p.t.g.
oscillator are tuned approximately, but not
exactly, to the same frequency. The frequency
of oscillation is controlled chiefly by the con-
stants of the plate tank circuit. The chief func-
tion of the grid tank is that of controlling the
feed-back or excitation, although its tuning
does have some effect on the frequency. It
should be set to a slightly lower frequency than
the plate tank in normal operation.

The push-pull arrangement of the same cir-
cuit is also shown in Fig. 809.

The Hartley Oscillator

In the Hartley oscillator, the tuned circuit
is common to both grid and plate; its ends are

2C3

L RFC

-8 +

PUSH-PUWL T.P.T.G

FIG. 809 — SELF-CONTROLLED OSCILLATOR CIR-
CUITS

Tank circuit constants should be such that the
actual capacity in use will be approximately 500 uufd.
at 1.75 Me., 350 uufd. at 3.5 Mec., 250 uufd. at 7 Mc., 150
uufd. at 14 Mec., and 100 uufd. at 28 Mec. in the push-
pull circuit, the capacity referred to is each section
of the condenser.

Coils should be proportioned correspondingly. The
grid leak, R, should be adjusted to give the best note
and most stable operation as indicated by a monitor.
In general, it will be in the vicinity of 10.000 to 20,000
ohms with medium-y4 tubes, and 25,000 to 50,000 ohms
with low-u tubes.

Grid and plate blocking condensers should he 100
to 250 uufd.; filament by-pass condensers, .01 ufd.

connected to the grid and plate of the tube.
The filament circuit of the tube is connected to
the coil at a point between the grid end and
the plate end. The frequency of oscillation is
determined chiefly by the constants of the tank
circuit, L1C;. It is influenced to some extent,
however, by the interelectrode capacities of the
tube, which are connected across the tank.
The amount of feed-back or grid excitation is
adjusted by moving the tap on Ly; as the tap is
moved nearer the plate end of L the excitation
increases. With most tubes the proper setting
for the tap will be found to be with half to
two-thirds the number of turns on L; included
between the tap and the plate end.

Frequency Stability

The oscillation frequency of a self-controlled
oscillator is dependent not only upon the tank
constants, but also upon the tube capacities
(which become, in efiect, part of the tank), the
plate voltage, and the load.

If the tube capacities vary during operation,
as they do with heating, the frequency will
change. This is also true of the tank constants;
the coil, particularly, will show changes in
inductance with changes in temperature.
These temperature changes cause a continuous
shift in frequency, or “creep.” Creep can be
minimized by operating the tube well below its
ratings so that heating is reduced, although
there always will be some creep during the
period while the tube is warming up.

Frequency changes with changes in plate
voltage can be minimized by using a tank eir-
cuit having a large capacity-inductance ratio
(high-C). A well-filtered plate supply having
good voltage regulation also is essential.

If the oscillator is coupled to an antenna, it
is important that rather loose coupling be used
so that slight changes in the system caused by
swinging wires will not cause the oscillator fre-
quency to shift appreciably.

A self-controlled oscillator always should be
built and mounted so that it is insulated, in
so far as possible, from mechanical vibration.
Vibration of circuit components or tube ele-
ments will cause the signal to be modulated.

The Electron-Coupled Circuit

In the electron-coupled circuit, shown in
Fig. 810, the control-grid, cathode and screen-
grid of a screen-grid tube are combined in a
Hartley circuit with the screen at ground po-
tential for r.f. voltage. The output of the oscil-
lator is taken from the plate through a sepa-
rate tank circuit. With a well-screened tube
the coupling between the ‘“oscillator” and
“output’ portions is almost entirely through
the electron stream so that capacity effects are
absent.

The constants of the grid tank circuit deter-
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mine the frequency of oscillation while the
tuning of the plate tank circuit should have
relatively little effect upon the frequency, al-
though accurate tuning to resonance may be
required to prevent ‘‘chirpy’ keying. Reso-
nance is indicated by a dip in plate current.

H frequency stability approaching that of
the crystai-controlled oscillator is to be ob-
tained, extreme care must be exercised in the
design and adjustment of the circuit. A tube
with excellent screening is desirable for use in
the e.c.o. Of prime importance is a grid tank

adjust the position of the tap carefully to
obtain best results. Sometimes, adjustment of
the tap is facilitated by the use of a separate
cathode tickler winding as shown in Fig.
810-B. This coil should be wound over the
ground end of the grid winding to provide
tight coupling. The number of turns to be
used will run somewhere between one-fifth
and one-third of the number of turns on the
grid winding.

The value of grid-leak resistance also has
some effect upon stability, a value of 50,000 to

adjusted carefully and a sep-
arate power supply with
good voltage regulation is
recommended for the oscil-

23

lator.
For best stability, it is ad-

—iiis

100,000 ohms being common.
The screen voltage must be
C‘E
=
TT
Az

Ry
1
c
+ HV. =
FIG. 810 — ELECTRON-COUPLED  OSCILLATOR
CIRCUITS
A — Common circuit. B — Separate cathode tickler.
(. — Untuned plate circuit.

Important values are given in text.

circuit of high capacity; a capacity of not less
than 500 uufds. should be used for 1.75 Me.,
350 ppfds. for 3.5 Me. or 200 uufds. for 7 Me.
A portion of the capacity may be fixed with
the remainder in the form of a variable capac-
ity which will tune across the band con-
veniently. At 1.75 and 3.5 Mec. a fixed capacity
of 350 pufds. and a 140-upfd. midget variable
condenser will give full-scale bandspread with
a coil of appropriate size. If a mica condenser
is used for the fixed capacity, it should be of
the “low-drift” type. A low value of capacity
may be used in the plate tank circuit; 100
pufds. is a common value.

The position of the cathode tap, which
controls the excitation, affects the output of
the oscillator as well as frequency stability
when the oscillator is keyed. The portion of
coil between tap and ground should be roughly
one-fifth to one-third of the total number of
turns in the grid coil. It may be necessary to

visable to tune the plate cir-
cuit to the second harmonic
of the fundamental frequen-
cy generated in the grid
circuit. Occasionally an untuned r.f. choke is
used in the plate circuit as shown in Fig.
810-C. The power output of the oscillator is
reduced considerably with this arrangement,
however.

Unusual care should be exercised in stabiliz-
ing succeeding amplifier stages to prevent
feedback which may ruin the performance of
an otherwise excellent oscillator.

Components should be arranged so that no
coupling exists between plate and grid cir-
cuits. This is especially important where grid
and plate circuits are operated at the same fre-
quency when shielding is invariably necessary.

The tube and associated equipment should
be provided with good ventilation and the
power input limited to a low value to prevent
‘‘creeping” in frequency because of heating.
The unit should be provided with a shock-
proof mounting to eliminate any modulation
of the output by physical vibration.

+HYV-

PIEZO-ELECTRIC CRYSTALS

Berore discussing crystal oscillator circuits,
it is essential that the reader have some under-
standing of the properties of the piezo-electric
crystals which control the output frequency of
most amateur transmitters. Although some
other substances could be used, the most suit-
able material for crystals for transmitting
purposes is crystalline quartz. An oscillating
crystal is a thin plate cut from raw quartz
crystal.

Crystal Cuts

A quartz crystal has three major axes, des-
ignated X (electric), ¥ (mechanical) and Z
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@)
FIG, 811 — DRAWING OF AN IDEAL

QUARTZ CRYSTAL SHOWING 1.0O-
CATION OF AXES AND ORIENTA-
TION OF “X’ AND ‘Y CUTS

(optic). A plate cut with its major surfaces
perpendicular to an X axis is known as an
X-cut plate, while plates cut with their major
surfaces parallel to an X axis are known as
Y-cut plates. In Fig. 811 is a drawing of a
quartz crystal of ideal shape with the three
major axes indicated. The drawing also shows
the way in which X- and Y-cut crystal blanks
are taken from the raw crystal.

In addition to the X and Y cuts, many other
cuts are possible. Some of these possess special
characteristics; for example, the “AT” cut,
derived from the Y cut but with the face of
the crystal making an angle with the Z axis
instead of being parallel to it as shown in the
drawing, is a zero-temperature coefficient
crystal. Its oscillation frequency is practically
unaffected by temperature changes, which is
not the case with X- and Y-cut crystals. An-
other special cut known as the V' cut also
has a temperature coefficient of practi-

tal is essential for flat grinding. The
crystal should be tested frequently
for oscillation in the circuit in
which it is to be used. If it should
stop oscillating during the grinding
process, grinding the edges slightly
may make it start again. The fre-
quency can be checked by listening
to the signal in a receiver and
measuring the frequency as de-
scribed in Chapter 16. When the
frequency is within a few kilocycles
of the desired value it is well to use
a finer grade of carborundum
powder for finishing. The FF and
TFFF or No. 900 grades are suitable
for the final grinding.

Temperature Effects

X- and Y-cut crystals show some change of
frequency with temperature. The temperature
coefficient of a Y-cut crystal usually is positive
— that is, the frequency of oscillation in-
creases as the crystal temperature is increased
— although with some crystals it may be
negative. It can have a wide range of values,
varying from plus 100 cycles per million per
degree Centigrade to minus 20 cycles per mil-
lion per degree C. The temperature coefficient
of an X-cut plate is negative — frequency
decreases with an increase in temperature —
and lies between minus 15 and minus 25 cycles
per million per degree C. For example, if
through heating the temperature of an X-cut
7-Mec. crystal changes from 70 deg. F. to 120
deg. F., the frequency change may be nearly

cally zero. 'f =
Crystal Grinding 8 \\\

Reliable crystals are available at rea- 7 \\ \\
sonable prices, so that the ordinary ama- AISEX 2%
teur does not attempt to cut and grind his MERN \\ 2 §
own crystals. However, it is sometimes .Gs N \\ N
desired to change the frequency of an {
already-ground crystal, so that a working N \\, < X-\Cur PLATEY
knowledge of the method of grinding 3 \ N \J/
crystals often is helpful. € \\\ N

! ; . ¥ N

Fig. 812 gives the frequency-thickness 3 \Y—Cur\
relationships for various cuts. A good S > PLrERN]
micrometer such as the Starrett No. tﬁ y A-T+Cur PMrEA\{/ N
218-C, 1% inch, should be used for mak- 8’2 NN N
ing measurements. This tool also can be & GENERAL FORMULAE \\‘\ \\
used to make sure that the crystal is the K X-Cur: FXT = 112.6 \ N
same thickness at all points and that —-;gf’g’fg;]}: AN N
bumps or hollows are not being ground F=Frg.'inM gac .‘_z/w \ N N
h .Srreq. % 4 \ N
in. = Thickness in Thousandths \\ \\

Grinding can be done by rotating the l | ] \\\

crystal in irregular spirals on a piece of
plate glass smeared with a mixture of
No. 200 carborundum and water. Even
pressyre over the whole area of the crys-

40 50 60 70 80 %0100
THICKNESS = THOUSANDTHS OF AN INCH

FIG. 812 — FREQUENCY-THICKNESS RELATIONSHIPS

OF X-, Y- AND A T-CUT PLATES

153



THE RADIO AMATEUR'S HANDBOOK

five kilocycles. Should the crystal be followed
by a doubler to 14 me., the frequency change
on the higher-frequency band would be twice
as great — enough to shift the signal out of
audibility. AT- and V-cut erystals have very
low temperature-frequency coeflicients, as do
some other cuts, so that the frequency change
with temperature is practically negligible.

Since some temperature rise occurs in all
crystal oscillator circuits developing appreci-
able power, it is evident that in choosing a
crystal frequency near the edge of an amateur
band the probable *drift” in frequency must
be taken into account, remembering that an
X-cut erystal drifts to a lower frequency and a
Y-eut to a higher frequency as the crystal
warms up. With other than zero-temperature
coeflicient erystals it is best not to attempt
“erowding the edge” of a band.

Power Limitations

Heating is greater the greater the amplitude
of the crystal vibration; in other words the
greater the r.f. voltage across the crystal.
When the vibration amplitude is high the in-
ternal stresses may be great enough to shatter
the crystal, hence the power-handling capa-
bilities of the crystal are limited.

Since the vibration amplitude is a function
of the r.f. voltage appearing across the faces
of the crystal, it is essential that this voltage
be limited to a value safe for the type of crystal
used. It is difficult, however, to measure r.f.
voltage, so that it is more common to use the
r.f. current flowing in the crystal circuit as a
measure of the power dissipated. A current
of 100 milliamperes (0.1 amp.) r.f. usually is
considered safe for X- and Y-cut crystals
ground for the 1.75- and 3.5-Me. bands. A
somewhat lower value is the maximum for
7-Mec. crystals. AT-cut crystals can operate
safely with currents as high as 200 ma. The
current depends on the plate voltage and
type of tube and circuit used.

Crystal Mountings

To make use of the piezo-electric oscillation
of a quartz crystal, it must be mounted be-
tween two metal electrodes. There are two
types of mountings, one in which there is an
air-gap of about one-thousandth inch between
the top plate and the crystal and the other in
which both plates are in contact with the crys-
tal. The latter type is generally used by ama-
teurs. It is essential that the surfaces of the
metal plates in contact with the crystal be
perfectly flat.

Grit or an oily film on the surface of a crystal
will sometimes prevent oscillation. The erystal
should be cleaned whenever erratic behavior
or non-oscillation gives evidence of a dirty
condition. Carbon tetrachloride or alcohol are

the best cleaning fluids. Soap and water will
do quite well, however. Handling of the erystal
is especially likely to give it an oily surface,
and the erystal should always be cleaned after
it has been touched by the hands.

A holder having a heavy metal bottom plate
with a large surface exposed to the air is ad-
vantageous in radiating quickly the heat gen-
erated in the crystal and thereby reducing
temperature effects. Such a holder is especially
advantageous with X- and Y-cut plates.

The type of holder used will have some
effect on the frequency of oscillation of the
crystal. Different plate sizes, pressures, etc.,
will cause slight changes, amounting to perhaps
a kilocycle or so, so that if a crystal is being
ground to an exact frequency it should be
tested in the holder and with the same os-
cillator circuit with which it will be used in the
transmitter.

In the air-gap type of holder, the frequency
of oscillation depends to some extent upon the
size of the gap between the top plate and
crystal. This property can be used to advan-
tage with the AT-cut crystal so that by using a
holder with a top plate with closely adjustable
spacing a controllable frequency variation can
be obtained. A 3.5-Mec. crystal will oscillate
without perceptible variation in power output
over a range of about 5 ke. X- and Y-cut erys-
tals are not generally suitable for this type of
operation because they have a tendency to
“jump” in frequency with different air gaps.

CRYSTAL OSCILLATOR CIRCUITS

Tsue simplest crystal oscillator circuit is the
triode circuit shown in Fig. 813. This circuit is
the equivalent of the tuned-plate tuned-grid
circuit since the crystal is the equivalent of the
tuned-grid tank circuit. When the plate tank
circuit is tuned to a frequency slightly higher
than the natural frequency of the crystal, the
feed-back through the grid-plate capacity of

Xtal |

{0}

>

~-B +B8

FI1G. 813 — TRIODE CRYSTAL OSCILLATOR

The tank condenser, C;, may he a 100-uufd. variable,
with L) proportioned so that the tank will tune to the
crystal frequency. C2 should be .00 ufd. or larger.
The grid leak, Ri, will vary with the type of tube;
high-u types take lower values, 2500 to 10,000 ohms,
while medium and low-u types take values of 10,000
to 25,000 ohma.
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the tube excites the grid circuit, and the crystal
oscillates at approximately its natural fre-
quency.

The power obtainable from the crystal os-
cillator will depend upon the type of tube used,
the plate voltage, and the amplitude of the r.f.
voltage developed as a result of the mechanical
vibration, In the simple triode oscillator cir-
cuit of Fig, 813, the limit of plate voltage that
can be used without endangering the crystal
is about 250 volts for X- and Y-cut crystals,

With the r.f. crystal current limited to a
safe value of about 100 milliamperes, as meas-
ured by an r.f. galvanometer or low-range r.f.
ammeter inserted in series with the crystal
(at ““X" in the diagram) the power output
obtainable from triode crystal oscillators is
about five watts. The oscillation frequency is
dependent to a greater extent on the plate tank
tuning than is the case with circuits using
tetrodes or pentodes. The simple triode oscil-
lator has been generally superseded by more
suitable types.

The Tetrode or Pentode Oscillator

Since the r.f. voltage amplitude (which de-
termines the power output of the oscillator
tube) generated by the crystal is limited by the
safe vibration amplitude, obviously the great-
est power output can be secured without
danger to the crystal by choosing a tube of
high power sensitivity. The power pentode or
“beam” tetrode is such a tube, hence we find
that pentodes and beam tubes are widely used
as crystal oscillators in amateur transmitters.
Along with high power-sensitivity, the pres-
ence of the screen grid reduces the grid-plate
capacity of the tube so that the feed-back
voltage is less than would be the case with an
equivalent triode operating at the same plate
voltage. As a result, pentode or tetrode crystal
oscillators can be operated at higher plate
voltages than triodes.

The pentode and tetrode tubes designed for
audio power work, such as the 47, 2A5, 41, 42,
6V6G, 6L6G, 616, 48 and 6F6, are excellent
crystal oscillator tubes. For a given plate volt-
age the crystal heating will be less than with a
triode as the oscillator tube; alternatively, for
the same amplitude of crystal vibration, higher
plate voltages can be used, resulting in greater
power output.

Fig. 814 shows a typical pentode or tetrode
oscillator circuit. The suppressor or third grid
in the pentode is not shown, since this grid
normally is connected to the cathode inside the
tube and is not connected to a base pin. A tube
having an indirectly-heated cathode is shown;
of the crystal oscillator tubes in common usc
only the 47 has a directly-heated cathode or
filament. Filament connections for the 47
would be through the usual filament center-

tapped resistor or transformer, with by-pass
condensers.

The cathode resistor Rz and its associated
by-pass condenser Cy may be omitted when the
tube is operated at low plate and screen volt-

FIG. 814 — TETRODE OR PENTODE CRYSTAL
OSCILLATOR

The plate tank is the same as with triode oscillators,
Fig, 813. Bypass condensers C2, C3 and C4 may be ,001
or larger; .01 is a common value for low-voltage opera-
tion. R: should be 10,000 to 50,000 ohms, Lest value
being determined by trial for the plate voltage and
operating conditions chosen. Rz should be 250 to 400
ohmas; it may be omitted with 250 volts or less on the
plate. Cs is described in the text.

ages, in which case the cathode is connected
directly to ground. Their use is advisable when
the screen voltage exceeds 100 to 125 volts, or
in cases where the crystal oscillator is to be
keyed. The feedback condenser, Cs, may be
needed with well-screened tubes in order to
insure that the oscillator “‘starts” under load.
This condenser, when trial of the circuit shows
that it is necessary, should have a capacity of
1 ppfd. or less, and may be made by facing two
small metal plates about one-half inch square
about one-quarter inch apart. Just enough
capacity should be used to ensure reliable
operation; excess feedback may damage the
crystal.

Circuit Constants

Typical circuit constants for the tetrode or
pentode oscillator are given in Fig. 814. The
plate tank circuit should have a fairly large
ratio of inductance to capacity (low-C); a
tuning condenser having a maximum capacity
of 100 pufd. will be satisfactory. The inductance
of the tank coil, L, should be such that the
tank circuit will be resonant at the crystal
frequency at some setting of ;. Dimensions
can be taken from the coil chart given in this
chapter. The coils can be wound with small-
gauge wire, since the tank current will not be
large when handling the amount of power
developed by the usual crystal oscillator.

Since quartz is an insulator, the grid circuit
must be parallel fed. The grid leak, R;, which
provides most of the bias (all, in cases where
R is omitted) may range in value from 10,000
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to 50,000 ohms; there is little difference in
output within this range in practical operation,
although crystal current is generally lower
with the lower values of grid leak. The cathode
resistor, Rs, should be 250 to 400 ohms for
practically all receiving tubes.

In general, it is advisable to operate receiv-
ing tubes at about the plate voltage ratings
they ecarry for audio power service. Those
having 250-volt ratings may be operated at
voltages as high as 300 provided the plate cur-
rent is not above the rated value. Excessive
input will cause overheating and unstable
operation. The 250-volt tubes should be oper-
ated with low screen voltage — 100 to 125 volts
— and without the cathode resistor. The screen
voltage may be obtained from a voltage divider
across the plate supply, or from a simple series
voltage-dropping resistor of about 50,000 ohms
connected between the plate supply and the
screen.

The larger beam tubes — 6L6 and 6L6G —
should be operated at 400 volts on the plate
and 250 on the screen for maximum output.
The cathode resistor should be used, under
these conditions, to prevent excessive plate
current and possible damage to the tube should
the circuit go out of oscillation. A thermo-gal-
vanometer may be connected in series with the
crystal at “X"’ to measure crystal current. In
lieu of such an instrument, a low-current
(60-milliampere) dial light may be used;such a
light also will act as a fuse in case the crystal
current runs dangerously high. The use of such
a dial light in regular operation is excellent
protection for the crystal.

Tuning Tetrode or Pentode Oscillators

Tuning a tetrode or pentode oscillator is
chiefly a matter of obtaining the optimum
amount of output power.

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. 815 is typical of the behavior of plate cur-
rent as the tank condenser capacity is varied.
As the capacity is increased from minimum,
there will be a rather gradual decrease in plate
current after oscillations commence. This con-

F16G. 815—D.C. PLATE
CURRENT VS, PLATE
TUNING CAPACITY
WITH THE TRIODE
OR PENTODE CRYS-
TAL OSCILLATOR

PLATE CURRENT

Max runNG capactTy 7

tinues until the point A is reached, when
there will be a sharp rise in plate current, fol-
lowed by cessation of oscillations. An r.f.
indicator, such as a small neon bulb touched to
the plate end of the tank coil, will show maxi-
mum at point A. However, when the oscillator
is delivering power to a load it is best to oper-
ate in the region B-C, sinee the oscillator will
be more stable and there is less likelihood that
a slight change in loading will throw the circuit
out of oscillation. This is likely to happen when
operation is too near the critical point, A.
Also, the crystal current is lower in the 53-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 less is the dip in plate current.
If the load is made too great, oscillations will
not start. The load may be an antenna or a
following amplifier stage; methods of adjust-
ing loading will be considered later in the
chapter.

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 operating un-
loaded. For this reason it is possible to operate
a loaded oscillator at higher plate voltage than
is possible with an unloaded oscillator for the
same crystal heating.

Pentode oscillators operating at 250 volts
will give 4 or 5 watts output under normal
conditions. The beam types 6L6 and 6L6G
will give 15 watts or more at maximum plate
voltage.

Harmonic Generation — The Tri-Tet

Many circuits have been devised to obtain
harmonic output from the oscillator tube. One
of the most successful is the “Tri-tet” oscil-
lator, which utilizes a multi-element tube to
act both as oscillator and frequency multiplier.
The circuit is shown in Fig. 816, in two versions
arranged for use with pentodes and beam tet-
rodes. In the Tri-tet oscillator circuit the
screen grid is operated at ground potential
while the cathode assumes an r.f. potential
above ground. The screen-grid acts as the
anode of a triode crystal oscillator, while
the plate or output circuit is simply
tuned to the oscillator frequency or a multiple
of it.

If the output circuit is to be tuned to the
same frequency as the oscillator, a fairly well-
screened tube must be used, otherwise there
may be excessive feedback and danger of frac-
turing the crystal. The tubes specified in Fig.
816 meet this condition with the exception of
the 6L6G and 6V6G, which are recommended
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802 RK23-25, 89

-8 +5UP +5G  +B

6L6,6L66, RK39,807 6V66

~8 +56 +8

FIG. 816 — TRI-TET OSCILLATOR CIRCUI'F, USING
PEN'TODES OR BEAM ‘TETRODES

C1 and Cg2, 100-uufd. variables, receiver spacing; Ca,
Cy4, Cs, Cg, 0.001 to 0.01 ufd. by-passes, not critical;
Ri, 50,000 to 100,000 ochms; R2, 400 ohms for 400- or
500-volt operation.

Following specifications for cathode coils, L, are
based on a coil diameter of 112 inches and length 1
inch; turns should be spaced evenly to fill the required
length. For RK-23, RK-25, 6L6, 6L6G and 6V6G tubes:
1.75-Mec. crystal, 20 turns; 3.5 Mec., 10 turns, 7 Mec..
5 turns. The 6L6G and 6V6G tubes are recommended
only for second harmonic operation. For 802, 807,
RK-39, and 89 tubes: 1.75-Mc. crystal, 28 turns; 3.5
Me., 14 turns; 7 Mc., 7 turns.

At maximum recommended plate voltages (500 volts
for transmitting types, 400 volts for 6L6 and 6L6G)
the acreen voltage should be 250. The 89 and 6V6G
types may be operated with 300 plate volts and 150
volts on the screen.

The L-C ratio in the plate tank, L2C2, should he
adjusted so that the capacity in use is 75 to 100 uufd.
for fundamental output and ahout 25 uufd. for second
harmonic output.

only for harmonic operation in the Tri-tet
circuit.

The cathode tank circuit, L1(}, is not tuned
to the frequency of the crystal, but to a con-
siderably higher frequency. Recommended
values for L are given under the diagram. ('
should be set 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
tied directly to ground or may be operated at
about 50 volts positive. The latter method
will give somewhat higher output than with
the suppressor connected to ground. More

than 50 volts usually does not increase the
output perceptibly. A cathode resistor, ¢,
always should be used with the beam tetrodes.

Besides harmonic output, the Tri-tet circuit
has the feature of buffering action attributable
to electron-coupling between crystal and out-
put circuits. This makes the crystal frequency
less susceptible to changes in loading or tuning
and hence improves the stability.

Tri-tet Circuit Constants and Tuning

The correct cathode tank circuit constants
in the Tri-tet oscillator have been described in
the preceding section. The constants of the
plate tank circuit, ('sLs, will resemble those of
ordinary crystal oscillators. IFor harmonic gen-
eration, the tuning condenser need not have a
maximum capacity of more than 50 uufd., the
inductance being proportioned accordingly for
the frequency used.

The tuning procedure is as follows: With (',
at about three-quarters scale, turn Ca until
there is a sharp dip in plate current, indicating
that the plate circuit is in resonance. The crys-
tal should be oscillating continuously regard-
less of the setting of Ca. Set Cy so that the plate
current is minimum. The load circuit may then
be coupled and adjusted so that the oscillator
delivers power. The minimum plate current
will rise ; it may be necessary to retune Cs when
the load is coupled, to bring the plate current
to a new minimum. Fig. 817 shows typical be-
havior of plate current with plate condenser
tuning.

After the plate circuit is adjusted and the os-
cillator is delivering power, the cathode con-
denser C) should be readjusted to obtain op-
timum power output. The setting of C) always
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 since doing so reduces the current
through the crystal and thus reduces heating.

The tuning procedure is the same for both
fundamental and harmonic operation. The os-
cillator gives good output on the second har-
moni¢, but the output drops off rapidly on
higher harmonics.

With transmitting pentodes or beam tubes
an output of 15 watts can be obtained on the
fundamental and very nearly as much on the
second harmonic.

F16. 817— D.C.
PLATE CURRENT
VS. PLATE TUNING
CAPACITY WITH
THE TRI-TET 0S-
CILLATOR

PLATE CURRENT

TUNING CAPACITY
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Other Types of Oscillators

Many variations of the foregoing oscillator
circuits are in use, mostly designed for har-
monic output; nearly all use regeneration inone
form or another. Space does not permit their
description, and in the long run the operating
complications, not only in adjustment but also
in changing bands, when the complete trans-
mitter is to operate on more than one fre-
quency, make them less desirable than the
simpler circuits.

One further type of circuit is worthy of
mention because it has the feature of giving
excellent output, within the tube capabilities,
with very low crystal current. The diagram is
given in Fig. 818. In appearance it resembles
the Tri-tet, but with two major differences —
the crystal is connected between grid and
ground instead of between grid and cath-
ode, and the cathode tuned circuit, LoCl, is
tuned to a lower frequency than that of the
crystal.

The plate tank circuit is tuned to the crystal
frequency or a harmonic, and is the same in
design as the similar circuits in the oscillators
already described. In the cathode circuit, a
fixed capacity of 100 uufds. for Cs and a 2.5-
millihenry r.f. choke for Lg have been found to
work satisfactorily with all amateur-band
crystals.

This circuit is a persistent oscillator, gives
high output on the fundamental with low
crystal current and delivers satisfactory output
at the second harmonic; it requires but one
tuning control. Ordinary tetrode or pentode
oscillators readily can be converted to this eir-
cuit simply by inserting the fixed tank circuit
in series with the cathode lead. Plate tuning is

6V6G,6L6,6L66

FIG. 818 — CRYSTAL OSCILLATOR CIRCUI'Y WITH
GRID-PLATE CRYSTAL CONNECTION

The screen functions as the plate of a triode oscilla-
tor with output taken from the normal plate through
a separate tank circuit. Constants are the same as in
Fig. 816 with the exception of the cathode tank circuit,
L2Cz2. C2 should be approximately 100 sufd., fixed; for
1.75-Mec. crystals, L2 should have 90 turns; 3.5 Mec., 40
turne; 7 Mc.,20 turns; coil dlameter 112 inches, length
1%4 inches.

PUSH-PULL o
TRIODE -8 +8

PUSH-PULL TETRODE
OR PENTODE *
+56. -B +B

FIG. 819—PUSH-PULL CRYSTAL OSCILLATOR
CIRCUITS

Circuit values are similar to those in other oscillator
circuits. The grid leak, K1, should have half the value
normally used with one tube; the plate tank con-
denser when split-stator as shown in the diagrams
should have in each section the capacity commonly
used for single-tube oscillators (100 uufd. per section).

similar to that of the Tri-tet oscillator de-
scribed in the preceding section.

Push-Pull and Parallel Circuits

The simple triode or tetrode-pentode circuit
is readily adaptable to push-pull operation.
Typical push-pull circuits are shown in Fig.
819. Circuit constants are similar to those al-
ready given except that each section of the
split-stator condenser should have the same
capacity as the single condenser in the single-
ended circuits.

Push-pull crystal oscillators are not in
general use because they are not so well suited
to multi-band transmitters as the single-ended
types. The push-pull connection cancels the
even-harmonic output. The r.f. voltage across
the crystal is higher with the crystal connected
between the two grids than with a single tube
operating at the same plate voltage, so that for
the same crystal heating the power output is
not doubled, as might be expected from the
fact that two tubes are used. The push-pull
oscillator can be used to advantage where the
following stage requires balanced excitation,
although even in this case suitable coupling
methods are available for getting balanced
output from a single-ended oscillator.

Tubes also may be used in parallel, but this
method of connection also increases the crystal
current.
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R.F. POWER AMPLIFIERS

Tur purpose of the r.f. power amplifier is to
increase the power level of the transmitter
output. The output of the oscillator or preced-
ing amplifier is coupled to the grid circuit of
the power amplifier by one of a number of
methods to be discussed and the r.f. voltage
serves to excite the grid of the amplifier.
Several stages are sometimes used in cas-
cade, each exciting the following stage, be-
fore the output power is of the magnitude
desired.

Amplifier tubes as well as oscillator tubes
may be connected in push-pull, in parallel or in
push-pull-parallel and the d.c. operating
voltages are introduced in the same manner as
that described earlier in this chapter.

The basic circuits of the amplifier are the
same as those shown in Iig. 801. Since the cir-
cuit is identical with that for the tuned-plate
tuned-grid oscillator (I'ig. 809), it is obvious
that the stage will oscillate and generate power
on a frequency independent of the oscillator or
exciting amplifier unless steps are taken to
prevent it. Oscillation may be prevented by a
process known as neutralization which will be
discussed presently.

Interstage Coupling Syslems

At this point, let us consider the
various means which may be em-
ployed to couple the oscillator to a
succeeding amplifier or frequency
multiplier. The same coupling ar-

DRIVER

Capacitive Coupling

Capacitive coupling systems are probably
the simplest of all and require the least amount
of apparatus. Several systems are shown
schematically in Fig. 820. In these circuits, the
plate tank circuit of the driver serves as the
grid tank for the following stage.

In circuit A, coupling is through condenser
C, known as the coupling condenser, from the
plate tank of the driver to the grid of the
amplifier. The plate of the driver is series-fed;
condenser C serves both to provide r.f. cou-
pling and, as a blocking condenser, to insulate
the grid of the amplifier tube from the d.c.
plate voltage on the driver stage. Grid bias for
the amplifier is supplied through an r.f. choke.
Since the negative side of the driver plate
supply and the positive side of the amplifier
bias supply meet at the common filament con-
nection between the two tubes, the coupling
condenser C must have insulation good enough
to stand the sum of these two voltages without
breakdown. The fact that the condenser also is
carrying a considerable radio-frequency cur-
rent makes it desirable that it have a voltage
rating giving a factor of safety of at least 2 or 3.

In circuit B the coupling condenser has been
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rangements are also used between
amplifier stages.

Many types of inter-stage cou-
pling have been devised to transfer
power efficiently from the driver to
the grid circuit of the amplifier, Cou-
pling methods may be divided into
three general classes, capacitive or
direct, inductive, and transmission
line.
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The problem of coupling two stages
is complicated by the differing char-
acteristics of different types of tubes
and by the use of single- and double-
tube stages, the latter often being
balanced or push-pull stages. Thus
we may have coupling from single
tube to single tube, from single
tube to push-pull, from push-pull to
push-pull, and push-pull to single
tube.

Although tubes in parallel may be
considered to be equivalent to one
tube so far as drawing the circuit is
concerned, in actual practice parallel
operation may call for modification
of the coupling system.
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FI1G. 820 — DIRECT-OR CAPACITY-COUPLED DRIVER AND

AMPLIFIER STAGES

Coupling condenser capacity may be from 50 yufd. to 0.002 ufd.,
not critical, except under conditions described in the text.
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moved to the plate circuit of the driver tube
and the radio-frequency choke appears at the
plate of the driver. This simply shifts the
driver to parallel plate feed, and permits the
use of series feed to the amplifier grid. In both
circuits the excitation can be controlled by
moving the tap on the tank coil; the nearer
the tap is to the plate end of the coil the
greater will be the excitation voltage up to the
limit of the driver output.

These circuits have the advantage of sim-
plicity, but have the disadvantage that the
interelectrode capacities of both the driver and
amplifier tubes are connected across the tuned
circuit, thus necessitating areductionin the L-C
ratio of the driver tank circuit and reducing the
efficiency at the very high frequencies. They
operate quite satisfactorily with ordinary tubes
at frequencies of 7 Mec. and lower, and at 14
Mec. with tubes having low interelectrode
capacities. The variable tap for regulating
excitation is sometimes responsible for para-
sitic oscillation in the amplifier at a frequency
removed from the operating frequency, a con-
dition which is harmful to efficiency and a
source of unnecessary interference.

The effect of paralleling the input and out-
put capacities of driver and amplifier tubes can
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DRIVER
AMP
B
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FIG. 821 — LINK COUPLING, USING A LOW-IM-
PEDANCE TRANSMISSION LINE
The link may be twisted lamp cord or consist of a
pair of closely-spaced, but not twisted, wires.

be avoided by using circuits like those of Fig.
820-C and -D. Since the ground point is be-
tween the two ends of the tank, the tank is
“hot”” on both ends. The amplifier is coupled
from the end opposite the plate of the driver,
hence its input capacity is across only part of
the driver tank while the output capacity of
the driver is across the other part. So far as
tuning the driver tank is concerned, these two
capacities are in series and the resultant
capacity is less than that of either tube
alone.

The difference between C and D is in the
method of splitting the tank circuit. In C
excitation can be adjusted by moving the
ground tap on the coil, while in D excitation is
adjusted by varying the relative capacities of
C) and Cq, keeping the total eapacity constant
to maintain resonance.

A balanced driver circuit can be used for
coupling to a following push-pull amplifier, as
shown in Fig. 820-E. Since the center of a
balanced circuit is at zero r.f. potential,there
is a phase difference of 180 degrees between
the ends of the tank, hence such a tank circuit
is suitable for exciting a push-pull amplifier.
Excitation can be regulated by adjusting the
taps on the tank coil, keeping them equidistant
from the center-tap to maintain the balance.
A split-stator condenser can be used to balance
the circuit, replacing the eenter-tap on the coil,
if desired.

The use of capacity coupling between push-
pull stages is shown in Fig. 820-I. The taps are
equidistant from the center in this circuit also.

Capacity-Coupling Considerations

Since it consumes power, the grid circuit of
the amplifier has a definite impedance (input
impedance), which may be high or low accord-
ing to the type of tube used. A high-x tube
usually will have low input impedance, bc-
cause grid current starts to flow at relatively
low exciting voltages. Conversely, a low-x tube
will bave relatively high impedance, because a
considerably larger r.f. exciting voltage is
required for the same grid-current flow. If the
driver is to work at optimum efficiency the
impedance represented by its loaded tank
circuit must lie within definite limits, which
may or may not be near in value to the grid
impedance of the following stage. The coupling
system must transform the grid impedance of
the amplifier to a value suitable for loading
the driver tube.

With capacity-coupling systems this imped-
ance “matching” is effected by adjusting the
position of the excitation tap on the tank coil.
The higher the optimum driver load imped-
ance and the lower the amplifier grid input
impedance, the nearer the excitation tap will
be to the ground point on the tank coil. Con-
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versely, with relatively low driver load resist-
ance and high amplifier grid impedance, the
tap will be nearer the high-potential end of the
coil. The object, of course, is to deliver as
much power as possible to the grid circuit of
the amplifier.

While a satisfactory coupling value usually
can be obtained, the tap on the coil often
introduces a circuit difficulty in that the turns
included between tap and ground end of the
coil may cause parasitic oscillations which im-
pair the operation of the amplifier as previ-
ously mentioned. For this reason it may be
necessary to couple directly from the end of the
tank, in which case overloading of the driver
can be prevented only by the use of a very
small coupling condenser, preferably variable
for adjustment purposes. This reduces the
coupling efficiency.

Link Coupling

At the higher frequencies it is advantageous
to use separate tank circuits for the driver plate
and amplifier grid. This avoids paralleling the
tube capacities across one circuit and, when the
two are coupled through an untuned low-im-
pedance transmission line, offers a ready means
for adjustment of coupling. This method of
coupling also has some constructional advan-
tages, in that separate parts of the transmitter
may be constructed as separate units without
the necessity for running long leads at high r.f,
potential.

The form of transmission-line coupling uti-
lizing a low-impedance line (such as a twisted
pair) with coupling loops of a turn or two at
each end is popularly known as “link” cou-
pling. The transmission line may be of any
convenient length — from a few inches to
several feet — without appreciable loss of
power in the transfer.

Circuits for link coupling are shown in Fig.
821. The coupling ordinarily is by a turn or
two of wire, its ends connected to the twisted
pair, closely coupled to the tank inductance.
Because of the low impedance of the line, one
turn often suffices if the coupling is tight
enough; however, sometimes more than one is
needed for maximum power transfer. The link
should preferably be coupled to the tank cir-
cuits at a point of low r.f. potential, as indi-
cated in the diagrams. It is also advisable,
especially with high-power stages, to have some
means of varying the coupling between link
and tank coil. The link turn may be arranged
to be swung in relation to the tank coil or,
when it consists of a large turn around the out-
side of the tank coil, can be 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 cloge to the main coil.

With fixed coupling, the only adjustment of
excitation is by varying the number of turns
on the link. If the coupling between link and
tank is variable, change of physical separation
of the two coils also will give some adjust-
ment of excitation. In general the proper num-
ber of turns for the link must be found by ex-
periment.

Under certain circumstances, proper impe-
dance matching may require tapping the grid
at some point other than the top of the coil.

NEUTRALIZING

As we have already explained, a three-
clectrode tube used as a straight radio-fre-
quency amplifier will oscillate because of radio-
frequency feed-back thrcugh the grid-plate
capacity of the tube unless that feed-back is
nullified.

Neutralization really amounts to taking
some of the radio-frequency voltage from the
output or input circuit of the amplifier and
introducing it into the other circuit in such a
way that it effectively ‘“bucks” the voltage
operating through the grid-plate capacity of
the tube, thus rendering it impossible for the
tube to supply its own excitation. For com-
plete neutralization it is necessary, therefore,
that the neutralizing voltage be opposite in
phase to the voltage through the grid-plate
capacity of the tube and be equal to it in
amplitude.

The out-of-phase voltage can be obtained
quite readily by using a balanced tank circuit
in 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 balanced grid tank
and fed to the plate through the neutralizing
condenser are termed grid-neutralizing cir-
cuits, while if the neutralizing voltage is ob-
tained from a balanced plate tank and fed to
the grid of the tube, the circuit is known as a
plate-neutralized circuit.

Plate-Neutralising Circuits

Several plate-neutralizing circuits are given
in Fig. 822, In the circuit shown at A the tank
coil is center-tapped, with the tank condenser
connected across only the upper half of the
coil. The neutralizing portion of the coil is
connected back to the grid of the tube through
the neutralizing condenser, C,.. The circuit of
B is similar, differing, however, in that the
tank condenser is connected across all of the
tank coil. This method of connection is prefer-
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able in that it tends to keep a better voltage
halance over a range of frequencies.

In both the circuits already desceribed the
division of r.f. voltage between plate and
neutralizing portions of the cireuit has been
by balaneing the tank coil. The balanee also
can be capacitive, by the use of a split-stator
tank condenser with grounded rotor, as shown
in Fig. 822-C. The r.t. potential across the tank
coil divides in the same way, a node (point of
zero voltage) appearing at its center. Hence
the plate voltage is introduced at the center of
the coil. The r.f. choke in the plate voltage lead
is for the purpose of isolating the center of the
coil from ground for r.f., since a ground through
a by-pass condenser, if not exactly at the point
of zero potential, might eause eirculating cur-
rents which would reduce the plate efficiencey
of the amplifier.

The fixed condenser between the rotor plates
of the tank condenser and ground is not re-
quired, but it has certain advantages which
are discussed later in connection with the se-
leetion of a tank condenser of proper voltage
rating.

The push-pull neutralizing circuits shown at
D and E are known as *“cross-ncutralized” cir-
cuits, the neutralizing condensers being eross-
connected from grid of one tube to plate of the
other. With proper physical arrangement of
parts, a more exact balanee ean be obtained
with push-pull than with a single tube because
hoth sides of the eireuit are symmetrieal.
llence these cireuits often are casier to neutral-
ize than single-tube eircuits. The split con-
denser cireuit of E is to be preferred for push-
pull amplifiers. .

Grid Neutralisation

Typical grid-neutralizing circuits are shown
in Fig. 823. They resemble closely the plate-
neutralizing cireuits except that the neutraliz-

ing voltage is obtained from a balaneed input
tank and fed to the plate of the tube. Circuit
A = used with capaeity coupling between
driver and amplifier. The grid-coupling eon-
den=er, being large in conparizon to the tube
and neutralizing capacities in most eircuits,
will have negligible effect on the operation of
the neutralizing cireuit.

Grid neutralizing systems are well adapted
to use with transmission line or link-coupled
amplifiers, since the separate grid tank offers a
ready means for obtaining the neutralizing
voltage. It may be somewhat harder to drive a
tube with a balanced input tank, however, be-
ause only half the r.f. voltage developed in
the tank is available for the grid-cathode eir-
cuit of the amplifier. This can be overcome to
some extent by using the largest possible L-C'
ratio in the grid tank in order to build up the
r.f. voltage to the highest possible value.

From an operating standpoint, plate neu-
tralization usually is to be preferred. The use
of grid neutralization is relatively infrequent,
and only when =ome =speecial purpose s
served.

Values in Newtralising Cirewits

1n all these circuits, by-pass eondensers and
parts not particularly a part of the neutralizing
arrangement will have the usual values. In
most cases the neutralizing voltage will be
equal to the r.f, voltage between the plate and
grid of the tuhe so that for perfect balance the
sapacity required in the neutralizing condenser
theoretically will be equal to the grid-plate
capacity of the tube being neutralized. 1f. in
the circuits having tapped tank coils, the tap ix
more than half the total number of turns from
the plate end of the coil, the required neutral-
izing eapaeity will increase approximately in
proportion to the relative number of turns in
the two seetions of the coil.
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FIG, 823—GRID NEUTRALIZING CIRCUTTS

For those tubex having grid and plate con-
nections brought out through the bulb, a con-
denser having at about half scale or less a
capacity equal to the grid-plate capacity of
the tube <hould be chozen. Where the grid and
plate leads are brought through a common
base, the (', capaeity needed ix greater beeause
the tube socket and its associated wiring adds
some eapaeity to the actual inter-element
capacities, In such cases u slightly larger con-
denser should be used.

When two or more tubes are conneceted in
parallel, the neutralizing capacity  required
will be in proportion to the number of tuhes.

Comparison of Neutralising Circuits

Azide from the considerations alrendy men-
tioned in the discussion of neutralizing circuits
there are certain practical aspeets of neutrul-
izing whieh should be kept in mind in deciding
what type of cireuit to employ. These apply
particularly in neutralized single-ended stages.

The most commonly-used circuits are those
given in Fig. 822 at B and (. With the split-
coil method at B, exact neutralization can he
obtained at only one frequeney in a single-
ended amplifier, because the various stray

capacities shunting the coil destroy the bal-
ance when the cireuit is detuned slightly. With
detuning, the circuit becomes regenerative and
may result in non-linear operation if the ampli-
fier is modulated. For e.w. work, the unbalanece
ix small enough =0 that satisfactory perform-
anee cuan he obtained. Another disadvantage ix
the fact that both sides of the single-seetion
tank condenser are **hot ™ =0 that hand-capac-
ity effects are marked.

The balanced condenser arrangement at ('
lacks regeneration, but this cireuit also ix likely
to go ont of balance with tuning if the plate-
filament capacity of the tube is appreciable
with respect to the eapacity of the condenser
section connected across it. At the higher
amateur frequencies, therefore, the circuit
functions best with a tube having low output
apacity, and with a split-stator condenser
having moderately large “in-use” capacity in
cach section. The cffeet of the tube output
capacity can be eliminated by conneeting a
=mall condenser across the opposite condenser
=eetion to ximulate a second tube bulancing the
first. The additional eondenser should he ad-
justed to equal the effeetive output eapaeity
of the tube.

The =plit econdenser eireuit has two advan-
tages over the split coil: the effeetive input
capacity of the eireuit ix smaller, permitting an
increase in the L-C" ratio of the grid tank cir-
cuit, and harmonies are more effectively sup-
pressed because the conder ser section hetween
plate and filament offers mueh lower imped-
ance to harmonies than the upper coil seetion
in the cireuit of B, The lack of regeneration in
the split-condenser cireuit may eause an am-
plifier nentralized by thix method to appear
harder to drive than when the split-coil svxtem
ix used, expecially if the driver power output is
low, beeause the regenerative effeet of the
latter =yvstem tends to maintain the grid eur-
rent at a higher value under load. Comparisons
of the two eircuits in a properly designed trans-
mitter, however, show that with moderate
exeitation the =ame output can be obtained
with cither despite the difference in behavior
of grid cnrrents; the split-condenser eireuit
often, in faet, shows better plate efficiency he-
cause of the reduction of harmonic output.
Sinee the rotor of the split-stator condenser is
grounded, there are no hand-capacity effects
with thix eircuit. The process to be followed in
neutralizing will be discussed later in connee-
tion with tuning and adjustment.

SCREEN-GRID AMPLIFIERS

T sereening in all transmitting tetrodes and
pentodes is sufficiently complete to reduce the
plate-to-grid capacity to a value which will not
permit coupling by thix means: therefore,

163



THE RADIO AMATEUR'S HANDBOOK

neutralization is not necessary and the circuits
of screen-grid amplifiers are relatively simple.
1t should be noted, however, that the receiving
type beam tubes, such as the 6L6, 6L6G, and
6V6G, frequently used in the low-power stages
of transmitters, are not sufficiently well
screened and require neutralization if input
and output circuits are to be tuned to the same
frequency. Since the plate-to-grid capacity is
very small, difficulty is sometimes encountered
in arriving at a neutralizing adjustment which
will hold well. To avoid this, the tubes men-
tioned above are sometimes converted into
triodes by connecting screen to control-grid
or to the plate. With this connection, operation
is similar to that of other triodes.

The operation of a screen-grid amplifier is
essentially the same as that of a neutralized
triode. Since neutralization is not required, the
circuits of screen-grid amplifiers are relatively
simple. Typical ecircuits for tetrodes and
pentodes are given in Fig. 824.

The rules for interstage coupling also are
applicable to these circuits. Chief points about
the screen-grid amplifier are the necessity for
thorough grounding of screen (and suppressor)
for r.f. through the use of bypass condensers
close to the tube itself, and the prevention of
stray couplings between input and output
circuits.

Screen-grid pentodes and beam tetrodes
have high power sensitivity and usually require
much less grid driving power for full output
than do triodes of comparable ratings. Al-
though these tubes are shielded from internal
feedback, their high power sensitivity makes
them prone to self-oscillate, so that particular
care must be used to prevent feedback external
to the tube itself. In cases where low-loss cir-
cuits are used, it may be impossible to prevent
oscillation unless the input and output circuits
are carefully shielded from each other and the
input circuit shielded from the tube itself. A

FIG. 824 — TYPICAL SCREEN-GRID AMPLIFIER
CIRCUITS

The upper dingram is used with filament-type
sercen-grid power tubes such as the 865, 860, 282-A,
850, 254-A, 254-13, 807, RK39-47-48, 814, 813 eotc. Im-
portant points to observe in the operation of the
screen-grid amplifier are that the screen by-passcon-
denser, C3,should have low impedance at the operat-
ing frequency (capacity of at least .002 ufd. for ama-
teur transmitters) and that the output tank circuit
L1C) must be isolated from the input circuit, either by
shielding or by physical spacing great enocugh to
prevent feed-hack. By-pass condensers C3 and C4 may
be the usual valuce used in power-tuhe circuits; .002
ufd. will be sufficient. Any type of input coupling may
be used in place of the capacity coupling shown.

The lower diagram is for use with screen-grid
pentodes, It is essentially the same as the upper cir-
cuit except for the additional connections for the
suppressor grid, which should be supplied a small
positive voltage for maximum output. Values are the
same for similarly-lahelled components in both cir-
cuits. Cs should have the same value as C3.

short cylindrical shield extending from the
base of the tube up to a point level with the
lower edge of the tube plate is commonly used
to shield the plate lead from the grid wiring in
the stem and base of the tube.

Old-type screen-grid tubes such as the 86,
860 and 861 do not have the power sensitivity
of the more modern tubes and arc scldom seen
in use to-day.

AMPLIFIER OPERATION

Kor efficient operation, it is necessary that
the grid of a power amplifier be driven positive
during part of the cycle of r.{. excitation volt-
age. The grid therefore consumes power, and
rectified current flows in the grid circuit. The
excitation power required depends upon the
type of tube, the power output and plate effi-
ciency desired, the grid bias, and to some ex-
tent upon the operating frequency. In r.f.
amplifiers, the power amplification ratio ordi-
narily is not very high in comparison with the
ratios encountered in audio-amplifier practice.
On the other hand, the plate efficiency is con-
siderably higher than is possible in audio work,
because wave-form distortion is not a factor.
An r.f. amplifier works into a tuned tank cir-
cuit, resonant only to the operating frequency,
so that the flywheel effect of the tank elimi-
nates most of the distortion. In any event,
distortion of an r.f. cycle is not objectionable
in the sense that similar distortion of an audio-
frequency cycle is objectionable; even when the
amplifier is modulated, r.f. distortion, being
at frequencies far beyond audibility, does not
affect the audio-frequency modulation. R.f.
distortion, however, causes harmonics of the
fundamental frequency to be generated, and
these harmonics can be radiated to cause un-
necessary interference. For example, an ampli-
fier working on a frequency of 3700 kilocycles
will have harmonics at 7400; 11,100; 14,800
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ke., ete. 1t is desirable, therefore, to take all
possible precautions to prevent the harmonies
from being radiated by the antenna, even
though they are unavoidably generated by the
tube itself.

In all amplifiers provision must be made for
applying the r.f. power obtained from the pre-
ceding stage, or driver, to the grid-cathode cir-
cuit of the amplifier tube, and for supplying a
suitable tank circuit in the plate-cathode cir-
cuit of the tube so that the power output capa-
bilities of the tube can be realized. With tri-
odes, a neutralizing circuit also is necessary, as
already mentioned. Besides circuit considera-
tions, optimum performance is realized only
when proper attention is paid to the operating
conditions, which include adjustment of grid
bias, excitation power, and output coupling.

Parallel and Push-Pull

A power amplifier stage may consist of a
single tube, two or more tubes in parallel, or
two tubes in push-pull. With parallel operation,
the circuit is the same as for one tube, since
the same elements in each of the paralleled
tubes are simply connected together. 1t is cus-
tomary to refer to a single-tube or parallel
amplifier as single-ended, while push-pull cir-
cuits are known as double-ended, having a tube
plate connected to each end of the tank circuit.
The push-pull circuit uses balanced tank cir-
cuits, a balanced circuit being one in which the
ground point is at the center of the tank. Both
ends of the balanced tank therefore are at high
r.f. potential with respect to ground, or are
“‘hot” — so called because in power amplifier
circuits it is possible to draw sparks off parts
of the circuit at high r.f. potential. An wun-
balanced circuit is one in which one end of the
tank is connected to ground while the other
end is ‘““hot.” Balanced tank circuits often are
used in neutralizing single-ended amplifiers
although, since the tube is connected across
only half the circuit, the balance may not be
exact. Push-pull circuits, being symmetrical
throughout with respect to ground, give excel-
lent balance.

Under similar operating conditions, the
power output from two tubes will be the same
whetlier they are connected in parallel or push-
pull. The same is true of the power required
from the driver.

At the higher frequencies a limit is placed on
parallel operation by the shunting effect of
tube capacities in increasing the minimum
capacity of the circuit to such an extent that a
tank circuit of reasonable efficiency cannot be
secured. However, at ordinary amateur fre-
quencies several tubes designed for high-
frequency work (the types with low inter-
electrode capacities) can be paralleled suc-
cessfully.

it is an inherent property of the push-pull
connection that even harmonics are balanced
out. Thus only the odd harmonics are present
in the output, assuming that the circuit is well
balanced and that tubes having identical
characteristics are used. The third harmonic,
which is the one of greatest importance, is
relatively small compared to the second har-
monic. Thus push-pull operation is advan-
tageous from the harmonic radiation stand-
point.

A push-pull circuit is often easier to handle
than a single-ended circuit, especially at high
frequencies. This is particularly true of neu-
tralized amplifiers; at 14 Me. and higher,
perfect neutralization is difficult, if not impos-
sible, in a single-ended stage, with any tubes
except those having very low interelectrode
capacities and with grid and plate leads
brought out separatcly, not through the tube
base. The symmetry of the push-pull stage
balances out the effects of stray capacity be-
tween tube elements and between other parts
of the circuit, and permits easy and practically
perfect neutralization, For this reason many
amateurs prefer to use two tubes in push-pull
rather than a single tube of twice the power
rating.

AMPLIFIER DESIGN

MR EcarpLEss of the circuit or type of tube
used, certain principles must be observed if
the amplifier is to give its best performance.
For efficient operation, it is important that the
load on the tube be adjusted to the proper
value, that sufficient excitation be supplied to
the grid, and that the correct value of grid
bias be used. In addition, the constants of the
plate tank circuit must be correctly chosen.

Tank Circuit Impedance — Coupling
Efficiency

So far as the plate efficiency of the tube itself
is concerned, it does not matter how the load
resistance is obtained; that is, the tube will
work equally well into an actual resistor or into
a tank circuit having any practicable constants
so long as the resistance or impedance repre-
sented by the tank is the desired value. How-
ever, the distribution of the power output be-
tween the tank circuit and the load is affected
by the inherent (unloaded) impedance of the
tank circuit.

The impedance of the unloaded tank circuit
at resonancc is equal to L/CR, where L is the
inductance, (' the capacity, and R the effective
resistance. The higher the ratio of the unloaded
tank impedance to the optimum load imped-
ance for the tube, the greater the proportion of
power transferred to the load. The impedance
of the tank alone should be at least ten times
the optimum load impedance for high transfer
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cfliciecney. The unloaded tank impedance can
be made high in two ways: by lowering the
resistance through the construction of low-loss
coils and by careful placement of parts, or by
raising the L-C ratio. With practicable cir-
cuits, it is much easicr to obtain high tank
impedance by using a high L-¢’ ratio than by
attempting to reduce the resistanee, although
every cffort should of course he made to reduce
losses.

Tanl: Impedance and Harmonic Output

When a high-impedance tank circuit is used,
along with high grid bias and large values of
excitation voltage, a large proportion of the
power output is on harmonies of the funda-
mental frequeney. The harmonie power is not
uscful for signalling purposes and often is
radiated by the antenna system, eausing inter-
ferenee on other frequencies. Sinee our bands
are not wholly in harmonie relation, at some
operating frequencies this may mean that the
transmitter is radiating on a frequeney not
assigned to amateurs.

Should the cireuit conditions be such that
the harmonies cause circulating currents, there
is a power loss which reduees the overall effi-
cieney of the amplifier. In general, it will be
found that any means employed in the output
circuit to reduce harmonies also will result in
an improvement in efficiency.

Optimam L-C Ratios

Beeause  high  transfer cfficieney requires
high unloaded tank impedanee (high  L-¢
ratio) while harmonie reduetion ealls for con-
siderable flywheel effeet and consequently for
a fairly large ratio of eapacity to inductanee,
in practice a compromise must be made be-
tween these two conflicting factors, Another
consideration which militates against the use
of too high an L-' ratio is the fact that consid-
crable  flywheel effeet is needed to  insure
linearity when the amplifier is to be modulated.
The importance of linear action is discussed in
Chapter Ten. A fair amount of fivwheel effect
also improves the stability of the amplifier
and makes its tuning more satisfactory.

Best engineering practice is to adjust the
L-C" ratio so that under operating conditions,
with the amplifier fully loaded, the tank circuit
“Q" is about 12, The optimum L-(' ratio to be
used then depends upon the relation between
the d.c. plate voltage and d.c. plate current in
the amplifier stage. For a given power input,
the higher the plate voltage and the lower the
plate current, the higher the L-(' ratio, and
vice versa. It is therefore neecessary to know
only the plate voltage and plate current at
which the amplifier is to operate in order to
determine the amount of capaeity  which
should be in use in the tank eireuit. The

capacity value is inversely proportional to the
frequeney or, conversely, directly proportional
to the wavelength. The latter relation permits
cxpressing the required capacity in ‘““micro-
mierofarads per meter” of wavelength. Using
round figures (close enough for practical pur-
poses) the wavelengths with which amateurs
are concerned are 10, 20, 40, 8O and 160 meters.
For example, if the transmitter is in the 3.5-
Me. band (80 meters) the required tank capae-
ity would be found by multiplying the ““uufd.
per meter’” value by 80.

IYig. 825 is a chart giving uufd. per meter as
a function of the d.c. plate voltage divided by
the plate current (in milliamperes) for various
tvpes of circuits. The circuits themselves will
be discussed later. As an example, suppose an
amplifier is intended to be operated at 1500
volts and 150 ma. plate current. The plate-
voltage plate-current ratio is 1500/150, or 10.
Assuming the eircuit at the top is employed.
curve .\ should he used. For a ratio of 10, the
uufd. per meter value as read from ecurve A is
2.5, For 7-Me. output, the tank capacity there-
fore should be 40 x 2.5, or 100 upfd.; for 14-Me.
output, 20 x 2.5, or 50 uufd., and so on. Where
double-section or split-stator condensers are
used, the values given by the curve are for
cach section of the condenser. The capaeity
values so obtained are the actual values which
should be used, not simply the maximum
capacity of the condenser in the transmitter.
If, for example, the chart calls for a capacity
of 30 pufd,, a 100-uufd. condenser should tune
to resonance at about half scale.

Multi-Band Operation

The use of one transmitter for work in sev-
eral bands is customary for obvious reasons.
Provided only three adjacent bands are cov-
cred by a single transmitter, it is generally
possible to design the tank cireuit of the final
stage =o that the optimum L-( ratio is used on
each band. However, the limitations of circuit
components are such that it is difficult, if not
impossible, to use the best tank cireuit for each
hand when the same amplifier must work over
four or five bands. Particularly, a tank con-
denser having the right minimum-maximum
capacity range for 14 and 28-Me. operation
will not have nearly enough capacity for 1.75
Me., and a condenser suitable for the latter
band will not have a low-cnough minimum
capacity for efficient 28-Me. work.

Nevertheless, some construetors insist on
having data on operating a single amplifier or
transmitter on all five bands. To do it, some
compromise must be made in the L-(7 ratios,
so that optimum performance cannot he
secured at the extremes of the frequency range.
Nome of the amplifiers to be deseribed in this
chapter are examples of such compromise. We
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strongly recommend, however, that separate
transmitters — or at least separate final am-
plificrs — be uxed when bands of sueh widely-
different requirements as 1.75 Me. and 28 Me.
are to be used. To get optimum L-€ ratios, it
may bhe necessary to use single-section con-
densers on the low frequencies where split-
stator condensers are recommended in the
cireuit diagrams: in single-tube plate-neutral-
ized cireuits thix simply means changing the
plate tank ecireuit from that of Fig, 822-C to
822-B, and in push-pull cirenits from Fig.
822-F to 822-D. Since the differences between
the neutralizing cireuits are most apparent at
the higher frequeneies, the change in eireuit ix
of lesx consequence at 1,75 and 3.5 NMe. and
on these bhands the one which permits use of
the optimum L-€" ratio should be used.

In the amplifiers deseribed in the construe-
tional section of this chapter, optimum capac-
ity at 1.7 Me. ix obtained by the use of a fixed
padding capacity,

Determination of Tank-Condenser
Voltage Rating
Graphs showing the values of peak r.f. volt-
age which may be expected aeross a tank-
condenszer seetion depending upon the power
input and tank-eirenit L-0" ratio are given in
Mg, 826, 1f the stage is to be plate-modulated,

:
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F1G, 825 — OPTIMUM PLATE TANK L-C RATIOS MAY

the peak r.f. voltage across each seetion will
he twice that shown by the graph for 1004
madulation. While the value of tank-condenser
capaeity in o micromierofarads-per-meter  of
wavelength for an optimum /- ratio may be
determined from the graphs of Fig. 823, ax
previously explained, the graphs of Fig. 826
apply equally to other L-€' ratios, of course.
The eapacity is that actually in use at res-
onanee.

In cirenits making use of a single-seetion
tank condenser, the peak rf. voltage men-
tioned above will be the only voltage to appear
aeross the condenser plates. In eireuits in
which a split-stator condeuser ix used with
rotor grounded, the d.e. plate voltage and, if
the stage is plate-modulated, the peak audio
voltage (equal to the d.e. plate voltage for
100 . modulation) must be added to the peak
. voltage per seetion, still bearing in mind
that the peak r.f. voltage doubles with plate
modulation.

The d.e. and af. voltages may be removed
from neross the plates of a split-stator con-
denser by the use of a blocking condenser ax
hown in Iig. 827, This places the rotor at full
plate  voltage above ground, however, re-
quiring the use of o suitably insulated con-
trol. The condenzer s<hould have a ecapacity
of 0.001 to 0,002 ufd. and a peak voltage rat-
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The correet L-C ratiois of partienbar importance in the final-amplifier 1ank cirenit, Method of using chart is
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ing of about four times the d.c. plate voltage.

Taking the example previously cited in con-
nection with Fig. 825, i.e. an amplifier oper-
ating at 225 watts input (1500 volts, 150 ma.),
we obtain an optimum capacity value of 1.25
uufds. per meter for a single-section condenser
or 2.5 uufds. per meter for each section of a
split-stator condenser. The ratio to be used in
Fig. 826 for the single-section condenser will
be 225/1.25 or 180, corresponding to a peak
r.f. voltage of 1230. Adding a safety factor of
259, we obtain a value of 1565 volts. If the
stage is to be used for e.w. only, the value

obtained from the graph will be the total
voltage across the condenser. If the stage is to
he plate-modulated, however, this value must

be multiplied by 2 bringing it to 3130 volts.
1f a split-stator condenser is to be used, the
ratio will be 225/2.5 or 90, corresponding to a
peak voltage of 625 volts. Adding the 259
safety factor brings the voltage per section to
785. 1f a blocking condenser is used and the
stage is not to be plate-modulated, this will
be the total voltage across each section of the
condenser. 1f the blocking condenser is used
and the stage plate-modulated, the above
value must be multiplied by two bring-
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ing it to 1570 volts per section. 1f no
blocking condenser is used, the d.c.
plate voltage must be added for c.w.
operation bringing it to 2656 volts per
section (625 plus 1500 plus 25%). With
plate modulation, the peak audio volt-
age (equal to the plate voltage for 1009,
modulation) must also be added bring-
ing the total voltage per section to 5312
[(625 X 2) plus (1500 X 2) plus 25 %.]
The advantage of the use of the block-
ing condenser is quite apparent. These
values are those to be expected with
the amplifier loaded. Since a plate-
modulated stage is always operated
with aload, the estimated valuesshould
be satisfactory. A c.w. transmitter is
sometimes operated without load dur-
ing the process of tuning. While it is
always advisable to tune first with
voltage reduced, keying surges some-
times occur which would make it ad-
visable to use a condenser with the
same spacing as that determined for
plate modulation.

The spacing required to withstand
a certain estimated value of voltage
will depend upon the design of the con-
denser. Most manufacturers specify
peak-voltage ratings for each of their
condensers.

Determining Inductance

Once the required tank capacity for
the amplifier and frequency is deter-
mined, the tank coil dimensions can
be found. This may be done with the
help of the L-C and inductance for-
mulas in Chapter Four, or if standard
coil forms are used, the charts of Figs.

100
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4000 5000 6000 70008000 10000

PEAK R.F VOLTAGE ACROSS TANK CONDENSER SECTION

FIG. 826 — CHIART FOR USE IN DETERMINING VOLTAGE
RATING OF TANK CONDENSER FOR GIVEN 1-C RATIO AND

1000 2000 3000

POWER INPUT

Curve A for onc section of split-stator tank condenser. Curve
. Circumstances may require
adding plate and audio voltages to graph values. (See text.)

B for singl tion tank

828 and 829 will give the required num-
ber of turns directly. Using the chart
which applies for the type of coil form
or coil in question, read on the appro-
priate frequency curve the number of
turns required for the tank capacity
value already determined. The opti-
mum tank L-C ratio will result.
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ance or impedance. The value of equiva-
lent resistance represented by the tank circuit
is dependent upon the ratio of inductance
to capacity, upon the inherent r.f. resist-
ance of the coil and condenser making up
the tank, and upon the effective resistance
coupled into the tank from the external circuit
to which it is supplying power. The tank re-
sistance or impedance decreases as the coupling
to the external circuit is increased, and also
decreases as the ratio of inductance to capacity
is decreased.

The value of load resistance or impedance
which will give optimum power output and
efficiency depends upon the grid bias and ex-
citation voltage.

FIG. 827 — USE OF BLOCKING

CONDENSER PERMITS

SMALLER PLATE SPACING

WITIlT SPLIT-STATOR CON-
DENSERS

Condenser control must Dhe
suitably insulated. (See text.)

+HV.

Fig. 828 is for coils wound on receiving-type
forms having a diameter of 1'5 inches and
ceramic forms having a diameter of 134 inches
and winding length of 3 inches (National
XR13). Such coils would be suitable for os-
cillator and buffer stages wherc the power to
be carried is not over 50 watts. In all cases the

Measurement of Excitation

number of turns given must be wound to fit
the length indicated; the turns should be
spaced out evenly either by winding wire or
string of suitable size between turns, or, in the
case of those having few turns, by hand.

Fig. 829 gives data on coils wound on trans-
mitting-type ceramic forms.
types of forms are indicated. In the case of the
smallest form, extra curves are given for

double-spacing;
that is, winding
turns in alternatc
grooves. This is
sometimes advisa-
ble in the case of
14- and 28-Me. coils
when only a few
turns are required.
In all other cases it
is assumed that the
specified number of
turns is wound in
the grooves without
any additional spa-
cing.

The plate tank
circuit, together
with the apparatus
coupled to it (an
antenna or folow-
ing amplifier stage)
constitutes the
plate load for the
tube. When the
tank is tuned to
resonance with the
exciting frequency,
it is practically
equivalent to re-
sistance only, so
that it is customary
to refer to the load
circuit as a resist-

Measurement of r.f. excitation voltage is
difficult without special apparatus such as a
vacuum-tube voltmeter, so it is customary to
take the rectified grid current as a measure of
the r.f. voltage and power supplied to the grid
circuit of the amplifier. Under a given set of
conditions, the higher the grid current the
greater is the excitation voltage. However, a
change in load resistance or a change in fixed
bias or grid-leak resistance will cause a change

Five popular
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FIG. 828 — COIL-WINDING DATA FOR RECEIVING-TYPE FORMS, DIAMETER
1Y, INCHES

Curve A — winding length, one inch; Curve B — winding length, 14 inches;
Curve C — windinglength, 2 inches. After determining the number of turns for the
capacity and frequency hand to be used, consult the wire table in the Appendix
to find the wire size which will fit in the space available. No. 18 wire is about the
largest size that need be uscd; larger sizes are difficult to handle on this type of
form. Curve C is also suitable for coils wound on 134-inch diameter ceramic forms
with 3 inches of winding length.
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FIG. 829—COIL-WIND-

o,

ING DATA FOR CER-
AMIC TRANSMITTING-
TYPE FORMS

Curve A\ —ceramic

A

o
o

2Y5-inch
. 26 groove
s Curve B —same

as A, but with turns

wound in alternate

grooves: Curve € —cera-
mic form 2%-inch effec-

tive diameter, 32 groovex.

7.1 turns per inch, app.:
Curve 1) — ceramic form

t-inch eflective diumeter.
28 grooves, 5.83 turns per

inch, app.; Curve E—

ceramicform 5-inch eflec-
tive dinmeler, 26 grooves,

7 per inch. Coila may be
wound with Ne. I2 or Ne.

ACTUAL TUNING CAPACITY /N

14 wire.
»
4 5 6 7 8 910 12 14 16 1820 24 28 30 32 &0
NUMBER OF TURNS ON CO/L
in the value of d.e. grid current for the same  particularly at the higher frequencies, as

excitation voltage, so that readings taken
under different operating conditions are not
comparable.

Fig. 803 shows how a milliammeter may be
counceted in the cireuit for reading grid cur-
rent.

Effect of Excitation

A typical set of performance curves, showing
power output, power amplification ratio, driv-
ing power and efficieney as a function of d.e.
grid current is shown in Fig. 830. Fixed values
of load resistance and grid bias are assumed.
The curves show that output and efficiency
increase rapidly at first as the exeitation is in-
ereased, then more slowly. The grid driving
power curve rises rapidly heyond the maxi-
mum power amplification ratio, showing that
a relatively large increase in excitation
necessary to produce a comparatively small
increase in power output and efficieney once
the optimum point — just to the right of the
bend in the output and efticieney curves
passed.

Assuming fixed plate voltage and load re-
sistance, there is an optimum bias value which
will give best results for every value of exeita-
tion voltage. The greater the excitation, the
greater should be the bias. The power con-
sumed in the amplifier grid circuit also is
greater under these conditions. The grid power,
furnished by the driver, is dissipated in the
grid-filament circuit of the tube, appearing as
heat at the grid, in the bias supply, and also,

s

is

dielectric loss in the glass of the tube.

The curves of Fig. 830 are typical for the
neutralized triode amplifier. In the case of the
beam tetrodes and pentodes, the power output
aetually deercases after excitation excceds a
rather critieal value. Since the driving power
required by tubes of these types is quite small,
eare must be taken to avoid over-driving.

Efficieney and Output

The attainable plate efficieney is of great
importance in determining the operating con-
ditions for the amplifier. If the safe plate dissi-
pation rating of the tube were the only con-
sideration, it would be desirable to obtain the
highest possible plate efficieney, since the
power output would be limited solely by the
efficiency. IFor example, a tube having a plate
dissipation rating of 100 watts operating at
a plate effieieney of 909 could handle an input
of 1000 watts, giving 900 watts output, while
the same tube at 709 efficieney could handle
an input of only 333 watts, giving an output of
233 watts, The plate dissipation — the differ-
enee between input and output is the same
in both cases, 100 watts.

There are other considerations, however,
which limit the useful plate efficieney. As-
suming that the total plate input is not to ex-
ceed the manufacturer’s ratings for the tube,
the difference between 709 and 90 9, efficieney
is not so great. For instanee, taking the same
100 watt tube and assuming that the 709
cfficieney condition corresponds with the rat-

170



TRANSMITTER DESIGN AND CONSTRUCTION

ings, an cflicieney of Y0 would inerease the
output to only 300 watts (333 watts input),
The additional 67 watts of output, an inercase
of about 279%, would require inordinately
large driving power beecause, as shown by
Fig. 830, the efficicney inereases very slowly
beyound the optimum point, while the reverse
is true of the driving power required.

A second faetor which limits the usable effi-
cieney is the faet that high values of eflicieney
are attained only through the use of high
values of load resistanee, which in turn re-
quires the use of very high plate voltage. Not
all tubes are suited to operation at plate volt-
ages much above their normal ratings, while
from an ceonomic standpoint a high-voltage
power supply may represent greater cost than
the installation of a sceond tube operating
at lower voltage to give the same order of
total power output, but at lower plate effi-
cieney.,

Grid Bias

For efficient tube operation, it is essential
that plate cwrrent be drawn in pulses which
occupy only a small part of the complete r.f.
evele, and that the peak value of the plate
current pulse be several times the average d.e.
plate current value as read by a milliammeter,
This requirement is met by using grid bias
considerably Jarger than that necessary to cut
off plate current (without exeitation) at the
operating d.e. plate voltage. It is customary to
operate with grid bias cqual to twiee the cut-
off value, and where higher than ordinary
efficieney is to be obtained, with even larger
values. This method of operation requires cor-
respondingly large grid excitation voltage and
power,

Maximum plate efficieney will result when
ligh hias, large exeitation power, and a high
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vialue of load resistancee or impedanee are used.
If the exeitation is Jow, both grid bias and
plate load impedance must be vedueed for
maximum output, although the eflicieney will
he comparatively low. The greatest power am-
plification ratio and maximum output with
small excitation usually result when the bias
is set at the cut-off value. Under these condi-
tions the plate efficiency seldom exceeds fifty
to sixty per cent. Plate efficiencies of 756, are
usual when the bias is twice cut-off and the
tube is adequately exeited,

Grid-Bias Supply

Iu nearly all the units shown in this chapter
connections for external grid bias have heen
indicated. The combination of fixed and leak
bias is desirable both for obtaining optimum
performanee and for tube protection.

Where fixed bias has been indieated, it has
been assumed that the bias voltage will be
constant under all operating conditions. Thix
is true only when the bias source has negligible
internal resistance. © B batteries satisfy this
requircment, and when bias of the order of 50
or 100 volts is all that is needed, one or two 43~
volt blocks form an inexpensive and thoroughly
practical “C” supply. The life is practically
the same as the shelf life, sinee no power is
tuken from the batteries, provided the grid
current does not greatly exeeed the normal cur-
rent rating of the battery, For standard-size
blocks, about 25 milliamperes, and for heavy-
duty blogks about 50 milliamperes, will be
safe grid-current ratings, The end of useful life
is indicated by a falling off in grid eurrent from
the normal value, evidenee that the internal
resistance  of the battery is becoming ap-
preciable.

A biax power pack has the advantage of
indefinite life, but comparatively high internal
resistance. In most eazes, however, satisfactory
hiax packs can be constructed, Speeial features
in their design are covered in Chapter Four-
teen.,

Cathode bias, similar to that used with re-
ceiving tubes, may be emploved, as mentioned
previously, when the tube ix indirectly heated,
or has a separate filament transformer, il of
the directly-heated type. Cathode bias is often
used with erystal-oxeillator tubes, as already
deseribed. The method can he applied to
amplifiers, although it has the disadvantage
that the plate voltage is reduced by the
amount of biasx developed in the cathode re-
sistor as explained previously; with many
tubes a value of cathode resistance which will
hold the plate eurrent to a safe value without
excitation absorhs far too much voltage under
operating conditions, For this reason, it is most
sutisfactory  with high-x tubes. A separate
fixed-hiag =ource ix generally preferable,
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TUNING AN AMPLIFIER

Tae general method of tuning applies to any
type of amplifier or circuit. Triodes, of course,
have to be neutralized, while screen-grid tubes
do not. Aside from neutralization, the tuning
process consists of adjusting the input cir-
cuit for maximum excitation, and the out-
put circuit for optimum power output and
efficiency.

When triode amplifiers are uscd, it is essen-
tial that the tube or tubes be carefully neu-
tralized before attempting to take power out-
put from the circuit. Neutralization is there-
fore the first step in the tuning process.

Neutralizing Adjustments

The procedure in neutralizing is the same
for all tubes and circuits. The filament of the
tube should be lighted and the excitation from
the preceding stage should be fed to the grid
circuit, but the plate voltage should be off.
Couple any r.f. indicator such as a neon bulb
or a flashlight lamp connected to a loop of wire,
to the plate tank circuit (if a neon bulb is used,
simply touch the metal base to the plate termi-
nal) and tune the plate circuit to resonance,
which will be indicated by a maximum reading
of the r.f. indicator. Then, leaving the plate
tank condenser alone, find the setting of the
neutralizing condenser which makes the r.f.
in the plate tank drop to zero. Turning the
neutralizing condenser probably will throw off
the tuning of the driver tank slightly, so the
preceding stage should be retuned to resonance.
In push-pull amplifiers both neutralizing con-
densers should be adjusted together, keeping
their capacities equal.

Now couple the r.f. indicator to the plate
tank once more and again tune the plate cir-
cuit to resonance. Probably the resonance
point will occur at a slightly different setting,
and the second reading on the r.f. indicator
will be lower than the first one. Retune the
preceding stage once more and go through the
whole procedure again. Continue until the r.f.
indicator gives no reading when the plate tank
circuit is tuned in the region of resonance.
When this has been accomplished the circuit
is neutralized.

The object of neutralizing adjustments is to
find the setting of the neutralizing condenser
or condensers which eliminates r.f. in the plate
circuit when the plate tank is tuned to reso-
nance. It is not at all difficult to neutralize an
amplifier after a few practice trials, provided
the circuit is laid out properly and provided
the neutralizing condenser has the right capac-
ity range. It sometimes happens that while a
setting can be found which gives a definite
point of minimum r.f. in the plate circuit, the
r.f. is not completely eliminated; in such a case

stray coupling between the amplifier and
driver tank coils, or stray capacities between
various parts of the amplifier circuit tending to
upset the voltage balance, probably will be
found to be responsible. A better layout with
short, widelyv-spaced leads, or with coils so
placed that coupling between them is mini-
mized — usually when the axes of the coils are
at right angles — should be tried. Shielding of
the amplifier often will eliminate troubles of
this sort.

Neutralizing Indicators

In the neutralizing procedure outlined
above, the use of a neon bulb or other r.f. indi-
cator has been assumed. In circuits in which
the neutralizing bridge is entirely capacitive,
as in those circuits using split-stator condens-
ers, touching the neon hulb to a high-potential
point of the circuit may introduce enough stray
capacity to unhalance the circuit slightly, thus
upsetting the neutralizing. This is particularly
noticeable with high-power amplifiers, where
the excitation voltage is considerable and a
slight unbalance gives a noticeable indication.
In such cases a flashlight lamp and loop of
wire, tightly coupled to the tank coil, may give
a more accurate indication of the exact neu-
tralizing point. A thermo-galvanometer simi-
larly connected to a wire loop has considerably
greater sensitivity, but is expensive.

A d.c. milliammeter connected to read recti-
fied grid current as shown in Fig. 803 makes a
quite sensitive neutralizing indicator. If the
circuit is not completely neutralized, tuning
the plate tank circuit through resonance will
change the tuning of the grid circuit and affect
its loading, causing a change in the d.c. grid
current. With push-pull amplifiers, or single-
ended amplifiers using a tap on the tank coil for
neutralization, the setting of the neutralizing
condenser which leaves the grid current un-
affected as the plate tank is tuned through
resonance is the correct one. If the circuit is
slightly out of neutralization the grid meter
needle will give a noticeable flicker. With
single-ended circuits having split-stator neu-
tralization the behavior of the grid meter will
depend upon the type of tube used. If the
tube’s 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

FI1G. 831 — TYPICAL
BEIIAVIOR OF D.C.
PLATE CURRENT
WITH TUNING OF
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will show a gradual rise and fall as the plate
tank is tuned through resonance, reaching a
maximum right at resonance when the circuit
is properly ncutralized. A sharp flicker at
resonance indicates that the circuit is not
neutralized.

Neutralizing Difficulties

If trouble is experienced in getting a triode
amplifier completely neutralized, the eireuit
should be checked over carefully to make sure
that all eonnections are good and that there are
no shorted turns in the inductances. Different
sizes of neutralizing condensers may also be
tried, since eircuit conditions vary consider-
ably with different physieal layouts. If a set-
ting of the neutralizing condenser ean be found
which gives minimum r.f. in the plate tank
circuit without completely eliminating it, the
chances arc that there is some magnetic or
capacity coupling between the input and out-
put circuits external to the tube itself. Short
leads in neutralizing ecircuits are highly desir-
able, and the input and output induetances
should be so placed with respeet to each other
that magnetic coupling is minimized. Usually
this means that the axes of the coils should be
at right angles to each other. In some cases it
may be necessary to shield the input and out-
put circuits from each other. Magnetic eou-
pling can be checked for quite readily by dis-
eonnecting the tank from the remainder of the
eircuit and testing for r.f. in the plate tank
circuit as the tank condenser is swung through
resonance. The preceding stage must be
running, of course.

Particularly with single-ended amplifiers
there are many stray capacities left uncom-
pensated for in the neutralizing process. The
tube, for example, has capacity from grid to
filament as well as from grid to plate; likewise
there is capacity between plate and filament.
Similarly, capacities existing between parts of
the socket enter into the picture with tubes
having all three elements brought out to the
same base. With large tubes, especially those
having relatively high interelectrode capaci-
ties, these commonly neglected stray eapaci-
ties can prevent perfect neutralization. Sym-
metrical arrangement of a push-pull amplifier
is about the only way to obtain a practically
perfect balanee throughout the amplifier.

Adjusting the Grid Circuit

After neutralizing is completed, the next
step in the tuning process is that of adjusting
the input circuit of the amplifier so that the
maximum excitation will be delivered to the
grid of the tube from the driver.

First adjust the driver stage plate tank to
resonance. In the capacity-coupled systems,
Iig. 820, the driver tank is common to the

amplifier grid cireuit so that this one adjust-
ment suffices to tune the whole system to
resonance. With capacity coupling, the one
remaining adjustment is to determine the
optimum coupling. If excitation is taken
through a tap on the coil, the tap should be
moved until the grid current is maximum.
Each time the tap is moved, the tank con-
denser should bhe retuncd for minimum plate
current. If the exeitation is taken direetly
from the end of the tank eoil, the eoupling can
be varied by ehanging the eapaeity of eoupling
eondenser ('

In the link-coupled systems of Ifig. 821, two
tank eircuits must be tuned: the driver plate
tank and the amplifier grid tank. In addition,
the eoupling between the two must be varied.
Adjust the driver to resonance, then tune the
amplifier grid tank for maximum grid current,
and vary the eoupling (with simultancous
*toueching up”’ of each tank) until the highest
value of grid current is secured. The eoupling
ean be varied by ehanging the number of turns
on one or both links or by varying the separa-
tion between a link eoil and the tank coil to
which it is eoupled.

In adjusting the eoupling, wateh should be
kept on the driver plate eurrent. Too tight
coupling may overload the driver, while too
loose coupling will not give the amplifier the
full excitation of which the driver is capable.
If it is impossible to load the driver to its nor-
mal operating plate current with the tightest
coupling available, tapping the grid eonneection
at some intermediate point on the grid tank
eoil will often result in an improvement. If the
driver in a capacity-coupled system cannot be
loaded suffieiently, a ehange to link coupling
usually will give the greater flexibility neces-
sary properly to transfer the driving power to
the amplifier grid.

Provided the driving stage is eapable of ade-
quate power output for exciting the amplifier
tube, the grid eurrent should be somewhat
higher than that recommended for the set of
operating conditions chosen (see Transmitting
Tube Tables, Chapter Five), sinee grid eurrent
usually drops when plate voltage is applied. It
should be possible to secure sufficient grid
eurrent — at the reeommended grid-bias volt-
age — with the driver working at or below
normal plate input. If this eannot be done, the
driver is too small or, should the tube evidently
be large enough for the job, is not being prop-
erly operated. The grid-leak circuit should
be tested for exeessive resistanee.

Plate Tuning

After adjustments to the input eircuit have
been eompleted, plate voltage may be applied
to the amplifier. In preliminary tuning it is
desirable to use low plate voltage to avoid
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possible damage to the tube. With excitation
and plate voltage applied, rotate the plate
tank condenser until the plate current dips:
=et the condenser at the minimum plate cur-
rent point, which is resonance. When the
resonanece point i found, the plate voltage
may be inereased to its normal value. With
the load — antenna or following amplifier grid
cireuit connected, the coupling between
plate tank and load should be adjusted to
make the tube take rated plate current, keep-
ing the tank alwavs in resonance.

As the output coupling is increased, the
minimum plate current will also inerease ahout
a5 shown in Fig. 831, Simultancously, the
tuning becomes less sharp, beeause of the in-
crease in effective resistance of the tank. 1f the
load eireuit simulates a resistance, the reso-
nanee setting of the tank condenser will he
practicallv unchanged with loading: this ix
generallv the case sinee the load  eireuit
itself usually is alko tuned to resonance. A
reactive load (xueh ax an antenna or feeder
svstem which is not tuned exuetly to reso-
nanece) may eause the tank condenser setting to
change appreciably with loading.

Ax the plate loading is inereased, with its
accompanying inerease in plate current, the
grid current usually will fall off somewhat, be-
ecause as more electrons are drawn from the
eathode by the plate, less are available for the
grid if the exciting voltage remains constant.
The deerease in grid current depends upon a
number of factors: the value of plate current,
the tvpe of tube, the voltage regulation of the
driver, the amount of excitation power avail-
able, and to some extent upon the cireuit used
This last is particularly true of single-ended
amplifiers, as was discussed in the =eetion on
neutralizing circuits.

The significant value of grid eurrent is that
which flows when the amplifier is loaded to
rated plate current. The grid current figures
given in the tube tables of Chapter Five are
for loaded conditions at the recommended bias.
Without plate voltage, the grid current may be
considerably higher. If, when the plate load ix
adjusted to rated input, the grid current is lower
than the figure specified for the particular set of
operating conditions used, the driving stage
i not delivering sufficient excitation power.

In a properly designed transmitter, the grid
current usually will not drop more than 25¢,
of its value without plate voltage applied to
the tube.

As a eheck on the operation of an amplifier,
its output may bhe measured approximately by
coupling an ordinary 110-volt lamp to the out-
put circuit, The usual methods are shown in
IFig. 832. If the plate tank coil eun be tapped
each turn, the leads from the lamp are elipped
across a few turns at the low-potential part of
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the tank, the number of turns used being ad-
Justed so that the amplifier draws rated plate
current. Alternatively a pickup coil of a few
turns may he induetively coupled to the tank
and the coupling adjusted to the same end. A
lamp having a power rating about equal to the
expected power output of the transmitter
should bhe used. Comparison of the brightness
of the Iamp coupled to the transmitter with
that of a similar lamp in a 110-volt socket will
indieate whether the amplifier is delivering the
output it should. If necessary, lnmps mayv be
conneeted in parallel to absorb the desirved
amount of power.

With reasonably eflicient operating condi-
tions, the minimum plate current with the
amplifier unloaded will he a small fraction of
the rated plate current for the tube, usually a
fifth or less. If the excitation i low, the
“dip” will not be very marked, but with ade-
quate excitation the plate current at resonanee
without loading i~ just high enough =0 that the
(e, plate power input supplies all the losses in
the tube and circuit. The higher the unloaded
tank impedance, the lower the minimum plate
current. For this reason, large L-(' ratios give
very low values of plate current: conversely,
a fuirly high-C' tank will give somewhat larger
values. As an indication of probable efficiency,
the minimum plate current value should not
be taken too seriously, however, especially
when a fair amount of tank eapacity is in use,
because in the unloaded condition the ecir-
culating r.f. current in a high-€' tank is large
and, sinee the losses vary with the eurrent
squared, the losses under no-load conditions
may be rather high compared to those in a very
low-(" tank. When the amplifier is delivering
power to u load, the cireuluting current drops
considerably wil the tank losses correspond-
ingly decrease, o that under load eonditions
the actual efficieney is about the same with a
tank of optimum L-C ratio as with one having
extremely low (',

S

FREQUENCY MULTIPLICATION

] . . .
.‘m‘;ucr:‘\'('\' multipliers are universally used
in amateur transmitters =0 that output can bhe
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secured on higher-frequeney bands than that
for which the erystal is cut. Although ervstals
are available for fundamental operation on
frequencies as high as the 28-Me. band, the
relatively lower cost of the 1.75-, 3.5- and 7-
Me.erystals favors the use of these ervstal fre-
quencies, with frequeney multipliers for the
other bands. In addition, usaally it is more
convenient, as well as less expensive, in multi-
band transmitters to have all erystals ground
for one low-frequencey band.

The frequeney multiplier or harmonic gener-
ator ix a tube having its plate tank cireuit
tuned to a harmonic of the frequeney applied
to its grid. Otherwise, the circuit is the same
as that of an ordinary power amplifier. lts
effectiveness as a generator of harmonices
depends upon the tube characteristies and
the way in which it ix operated. Sinee the
amateur bands are in even-harmonie relation,
the harmonies of chief interest are the second,
fourth, eighth, and =0 on. In practice, the
frequency multiplier ix ineflicient on harmonies
higher than the second, so the second-harmonic
multiplier or doubler is in most ecommon use.

Sinee the input and output circuits of a
doubler are not tuned to the same frequency
there is no tendeney toward self-oscillation,
even with unneutralized triodes. Neutraliza-
tion of doublers is quite common, however,
because the same stage often is used as a
straight amplifier; in addition, neutralization
may actually improve the efliciency.

Doubler Operating Conditions

To obtain maximum output and eflicieney
from the doubler it ix neeessary to use high
negative grid bias on the tube — considerably
more than double cut-off — and excite it with
a correspondingly high radio-frequency volt-
age. This accentuates harmonic generation in
the plate circuit, as explained in Chapter Five.
A low-(" tank in the plate circuit is also de-
sirable. In general, a tube having a relatively
large amplifieation factor is to be preferred as a
doubler becuuse relatively low bias and exeita-
tion voltage will give high distortion. Pen-
todes, beam tetrodes and high-u triodes all
make good doublers.

The efficiency and output of a doubler can
be increased by feeding some of the energy in
the plate circuit back to the grid to cause regen-
cration, provided the process is not carried so
far that the tube breaks into self-oscillation.
One of the most satisfactory ways of introdue-
ing regeneration is through neutralizing the
frequency multiplier by one of the methods in
which the neutralizing voltage is fed from the
plate circuit to the grid. The single-tube eir-
cuits of Fig, 822 are examples., When the tube
is properly neutralized it eannot oscillate, yet
the feedhack at the harmonic frequency is

suflicient to inerease the output and efficiency
of the doubler to a worth-while extent

The grid leak for a doubler may in genersl
have a resistance from two to five times that
recommended for the tube as a straight am-
plifier. The driving power required for good
doubling efficiency will be two or three times
greater  than  that  necessary for  efficient
straight amplification.

Push-pull amplificrs cannot be used ax dou-
blers because the second and other even har-
monices are cancelled in the output. They can
he used ax triplers, however, the output cir-
cuit heing tuned to the third harmonic. They
are not very often used in this way because the
frequency relations of the amateur bands are
such that even-harmonie output is necessary.

Doubler Circuits

The simple triode doubler circuit is shown in
Fig. -A. Nereen-grid or pentode doubler
circuits are exactly the same as the straight
amplifier diagrams given in Fig. 824, The plate
tank is simply tuned to the second harmonic
instead of the fundamental frequencey. Neutral-
ized eircuits such as those in Fig. 822 also can
be used.

NSpecial cireuits for frequeney doubling also
have been emploved: one which is often used
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is shown in Fig. 833-B. In this circuit two
tubes are used; the excitation is fed to the
grids in push-pull while the plates of the tubes
are connected in parallel. Thus the tubes work
alternately, and the output circuit receives two
impulses for each r.f. cycle at the grids, result-
ing in all second-harmonic output. This
circuit gives quite good efficiency, although re-
quiring two tubes. It is often called a “push-
push” doubler. In low-power stages, twin tri-
odes such as the 53 and 6A6 can be used as
single-tube push-push doublers. The high am-
plification factors of these two types make
them especially suitable for this purpose.

A circuit of this type is not suitable in cases
where a stage is to be used both as a straight
amplifier and a doubler, since it will not oper-
ate efficiently as a straight amplifier.

Tuning of Frequency Multipliers

I‘requency multipliers are tuned in much
the same way as straight amplifiers. Once the
bias or grid-leak values are chosen, the input or
grid circuit should be adjusted for maximum
grid current just as with the straight amplifier.
Then the plate voltage may be applied and the
plate tank circuit tuned to the second har-
monie, which will be indicated by the dip in
plate current. The dip usually will not be as
pronounced as with straight amplifiers, how-
ever. Once these adjustments have been made
the load may be connected and adjusted for
maximum output consistent with the plate
current rating of the tube. Since the efficiency
is lower, it may be necessary to use lower than
rated plate current, especially if the plate
of the tube shows color.

After the adjustments have been completed
it is a good plan to change the bias voltage or
the resistance of the grid leak to find the value
which gives greatest output. Highest efficiency
will result when the grid bias or grid leak are as
high in value as is possible with the grid ex-
citation available. Under optimum operating
conditions, the plate efficiency of a doubler
runs between 409, and 609,.

PARASITIC OSCILLATIONS

Br tuE circuit conditions in an oscillator or
amplifier are such that self-oscillations at some
frequency other than that desired exist, 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 reduced effi-
ciency. In addition, the behavior of plate
current often will be erratic.

Parasitic oscillations may be higher or
lower in frequency than the nominal frequency
of the amplifier. Low-frequency parasitics often

occur when r.f. chokes having about the same
inductance value are used in both grid and
plate circuits, the tube or tubes operating as a
tuned-plate tuned-grid oscillator at about the
resonant frequency of the chokes and associ-
ated capacities. In series-feed circuits, it is
best not to use chokes but to depend upon the
by-pass condensers to keep the r.f. where it be-
longs. In push-pull amplifiers having split-
stator condensers, where chokes are used to
avoid grounding the tanks at two places, it is
generally possible to omit the grid choke and
use the grid leak for the same purpose instead.
In any circuit, a change which permits drop-
ping a choke in either the grid or plate circuit
will cure this type of oscillation.

Parasitic oscillations also occur at ultra-high
frequencies because of the wiring associated
with the tube and normal tank circuits. With
u.h.f. parasitics, the tank condensers simply act
as by-passes, and the lead lengths between
tank and tube are the important factors.
Usually such oscillations can be destroyed by
breaking up any symmetry which exists in the
leads. A generally effective cure is to insert
small coils, consisting of about eight or ten
turns about a half-inch in diameter, in each
grid lead right at the tube socket.

Parasitic oscillations in an amplifier can be
detected by first neutralizing the amplifier and
then applying plate voltage with the grid-
biasing voltage adjusted to permit the flow of
a low value of plate current without excitation.

If parasites are present, the plate current
usually will vary with tuning of the tank con-
densers, and a neon bulb will glow when
touched to grid or plate. A wide-range absorp-
tion-type frequency meter will be useful for
determining the frequency at which the am-
plifier is oscillating. A properly-neutralized
amplifier free from parasites will show per-
fectly steady plate current under all tuning
conditions when not excited.

NOTES ON TRANSMITTER DESIGN

.’\MATEUR transmitters are more and more
being designed and built on the ‘““unit” plan,
under which separate transmitter sections are
built as complete pieces of apparatus, any one
of which may be replaced by more modern
equipment as improvements in circuits and
components make their appearance. Similarly,
additions can be made to unit-style apparatus
without seriously disturbing the existing trans-
mitting layout. The installation of new unit-
type equipment, or re-arrangement of old, is
facilitated by the use of the relay rack, which
is treated in detail in Chapter Six. Nearly all
of the apparatus described in this chapter is
built to standard relay-rack dimensions, hence
practically any suitable combination of units
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can be used for assembling transmitters from a
few watts up to a full kilowatt. Because of its
flexibility and convenience, relay-rack con-
struction is highly recommended to the ama-
teur comstructor.

Essentially, a transmitter is simply an oscil-
lator followed by a series of amplifiers to raise
the power of output level to the desired figure.
Some of the amplifiers will be frequency multi-
pliers, if output is desired on a frequency
higher than that on which the oscillator oper-
ates. The problem of designing a transmitter,
therefore, is that of deciding upon the number
of stages to use, the kind of tubes to use, and
upon choosing correct operating conditions.

Transmitting Tubes

A great many types of transmitting tubes
are available for amateur work. They are listed
in the tube tables in Chapter Five, together
with sets of typical operating conditions for
the various types. When a tube capable of the
desired power output is decided upon, the next
step in laying out the transmitter is to select
an oscillator circuit and to decide upon the
band in which the crystals are to operate. The
features of the various oscillator circuits have
been treated earlier in the chapter. We then
have the beginning and the end of the trans-
mitter, and it becomes necessary to choose in-
termediate stages which will be sure to deliver
cnough power to the grid of the final tube to
cxcite it properly. Reference to the tube tables
will be of assistance.

In laying out any transmitter it is decidedly
good practice to be conservative throughout.
Be sure to provide more than just enough ex-
citation for each stage; the driving-power fig-
ures given in the tube tables, for instance, do
not include an allowance for losses in the grid
tank circuit or in coupling between the driver
and amplifier. Likewise, the power output fig-
ures are total output, and do not include tank
losses. In every case the driver should be capa-
ble of supplying two to three times the driving
power specified in the tube tables.

For straight amplifier exciting stages, it is
best not to figure on more than about 609,
overall efficiency, to include an allowance for
losses in tank circuits and coupling devices.
Doublers work at lower efficiency; 409, is a
fairly conservative figure. Remember that a
doubler requires high bias and hence more
excitation than a straight amplifier, probably
two or three times as much. With these figures
in mind, it is not difficult to select a tube com-
bination which will be sure to work.

EXCITER UNITS

WaEN a transmitter is to work on several
bands, it becomes necessary to supply the

same amount of excitation power to the ampli-
fier over a wide range of frequencies. There are
several ways of meeting this problem, one of
which is to use a series of small tubes as oscilla-
tors and doublers, taking output from the
tube working on the desired frequency. The
power level is then built up by straight ampli-
fiers. Other methods employ only a few tubes
but use special circuits such as the Tri-tet or
grid-plate oscillator which can give output on
harmonics as well as the fundamental crystal
frequency. A unit designed for giving approxi-
mately the same output for excitation pur-
poses on several bands is called an “exciter
unit.”’

The output of an exeiter unit may vary from
a few watts to a hundred or so, depending
upon the design. Usually the exciter covers at
least three bands, although many can operate
in five. It is evident that the exciter also can
be used as a multi-band transmitter of low or
moderate power output.

Exciter units may utilize plug-in coils for
band changing or may achicve the same end
by a switching arrangement. Often a com-
bination of both is used. A good exciter is the
first requisite of a multi-band transmitter.

Metering

Throughout this chapter frequent reference
has been made to the use of meters for measur-
ing plate and grid currents. Methods of insert-
ing a milliammeter in the grid circuit has al-
ready been covered (I'ig. 803). The plate meter
usually is simply connected in series with the
high-voltage lead to the tube whose plate cur-
rent is being measured. The * plus’ connection
on the meter goes to the power-supply side of
the circuit in that case.

When plate milliammeters are to be mounted
on metal panels, care must be taken to sece
that 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 panel is more than 300 volts; instru-
ments with bakelite cases can be used under
similar circumstances at voltages up to 1000.
At higher voltages an insulating panel should
be used, or the meter should be connected in
the negative power supply return lead rather
than the positive. A disadvantage of connect-
ing the meter in the negative lead is that the
meter reads the total current taken by all the
tubes operating from the same plate supply, so
that if the current in one stage only is to be
measured, each stage must have a separate
plate supply. Also, if the tube cathode is
grounded, the negative power supply terminal
cannot be grounded except through the meter.

Some amateurs connect the milliammeter in
series with the cathode — particularly in the
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center-tap return from the filament trans-
former with filament-tvpe tubes — hut the
practice is not particularly recommended be-
cause the meter reads the sum of grid and plate
currents. Not only does this give a false indi-
eation of plate input, but it also makes it im-
possible to determine how the grid eurrent be-
haves with plate loading, sinee the two currents
ecannot be separated exeept by using a grid
meter and subtracting its reading from that of
the eenter-tap meter,

It is common practice to use one meter for
measuring grid and plate currents in several
CKT3 CKT4 CKT5

CKT 1 CKT 2

FIG. 831 — METHOD OF SWITCHING A MILLIAM-
TTER 'TO VARIOUS CIRCUI'TS

stages. The time-honored method of shifting
the meter is by the use of plugs and jacks,
which is quite satisfactory in practice if the
<hifting need be done only in the original tun-
ing process wnd the meter left more or less
permanently in one jack thereafter. If it ix
necessary to switeh the meter frequently from
one stage to another, it is more eonvenient to
use the switehing svstem shown in Fig. 834,
using a two-gang switeh with asx many points
as there are cireuits to meter. The resistors are
left permanently in each cireuit to complete
the connection, and the meter is simply
switched aeross cach, This system has the ad-
vantage of completely ixolating the meter
from all but the cireuit in which it is being used.
For low-voltage eircuits, an ordinary gang
switch of the type used for band-switching in
receivers will be adequate. Speeial switches
with  1000-volt insulation are available for
higher power.

[f the meter readings are taken direetly, the
value of each resistor should be at least ten
times as great as the resistance of the meter
itself; when £ ix ten times the meter resistanee
the readings will be about 99 low. The error
will be less with still farger resistances, Ordi-
narily the meter resistanee is low =o that the
introduetion of the resistors into the circuit
will not materially affeet the operation of the

transmitter. Alteruatively, o low-range milli-
ammeter may be used and each shunt resist-
anee value selected to give an appropriate full-
seile range of current. Thus the same meter
could read 0-10 milliamperes for reading grid
current in a low-power stage and 0300 milli-
amperes for plate eurrent of a high-power
linal. Methods of ealeulating shunt resistances
for any predetermined full-seale current value
ean be found in Chapter Sixteen.

A filament voltmeter is an important trans-
mitter aceessory, especially if thoriated-fila-
ment tubes are used. The performance of the
tube depends on the filament emission, which
in turn depends upon the filament voltage, ~o
that bhest results cannot be secured from the
tube unless its filament voltage is maintained
close to the manufaeturer’s ratings. Alxo, the
tube life is adversely affeeted if the filament
voltage is too low or too high. The filament
voltage should alwayvs be measured right at the
tube soeket, an especially important point
when tubes taking rather high filament eur-
rents are used, Do not operate a tube when the
filament voltage is more than 59, below rat-
ing, or helow the minimum value when an
operating range is specified. Jleater-type tubes
are not quite so eritieal as to filament voltage,
hut will not give their best performance if
the voltage is more than 59 below the rated
value.

As a general rule, it is best practice not to
build meters into transmitting units unless
they can be well spaced from rf. cireuits, par-
ticularly those earrving considerable power.
R.f. in the meter not only may destroy its ac-
curacy, but often burns out the windings. For
this reason, few of the units pictured in thisx
chapter have meters built ax an integral part.
In relay rack construction, a separate meter
punel, well separated from the r.f. units, i< both
desirable and convenient.

Grounds

When  different parts of the cireuit are
shown as being grounded, it ix assumed that
there will be no r.f. potential difference be-
tween them. This means that the ground leads
must possess negligible inductance and re-
sistance at the operating frequency.

The hest wav to reduee inductanee and re-
sistanee is to make the ground connections to a
relutively large sheet of metal. When metal
chasses are used, the grounds should be made
directly to the chasses, making the leads as
<hort as pos=sible. In hreadboard construction,
a metal ground plate =uch asx is used in some
of the units deseribed in this chapter, will
suffice. As a general rule, when a metal plate ix
used as a ground, it is best not to make any
two grounds to the same conneetion, but
rather to use separate connections for each.
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Components

In the deseriptions of apparatux in this chap-
ter not only the electrical =pecifications but
alzo the manufacturer’s name and type num-
her have been given for all the compouents.
This ix for the convenienee of the builder who
may wizh to make an exact copy of <ome piece
of equipment. However, it should be under-
stood that a component of different manufac-
ture, but of equivalent quality and having the
=ame electrical =pecifications, can be =ubsti-
tuted wherever dexired.

In most cuses such substitutions will make
no major modifications necessary, although
slight wiring changes may he needed to take
care of ditfferent terminal arrangements, ete.

MISCELLANY
Coupling to the Antenna

x\l'l‘IlUl'(ill the antenna-coupling  arrange-
ment usually i< an integral part of the trans-
mitter, the choice of method and the adjust-
ment procedure to be followed is =0 greatly a
funetion of the antenna or feeder system em-
ployed that antenna-coupling methods are
more logically treated in connection with the
dizcussion of each particular antenna svstenn,
Information on coupling and tuning procedure
is therefore given in Chapter Thirteen.

Practically all of the units in this chapter
have been shown with links for carrving the
r.f. output to the antenna. However, any of
the antenna-coupling methods described in
Chapter Thirteen can be applied to any of the
various units shown. The link-coupled ur-
rangement usually ix desirable, expecially in a
rack-mounted transmitter, beenuse the link
construction is non-eritieal and avoids the
necessity for currying leads at high r.f. poten-
tial from one deck to the next. Another reason
for using the link is that it fits in well with the
use of transmitting coil forms as well as manu-
factured transmitting coils, none of which are
very well adapted, mechanically, to variable
inductive conpling. Most manufactured coils
can be obtained with built-in links: some with
link= whose coupling to the tank coil can he
varied,

Helpful suggestion~ on the eonstructional
work involved in building the unit= to be
dexeribed will he found in Chapter 6, while the
arrangement of the equipment in the station
and the installation of suitable control svstems
are diseussed in Chapter 17.

GLG OR GLGG OSCILLATOR
TRANSMITTER
O of the situplest practical transmitters is
the two-band crystal oscillator shown in the

FIG. 835 — TIE GRIB-PLATE OSCILEATOR
TRANSMITTER
Fhe chassin mewsres 778 77 x 27
inch by fastening wen of sheet
d rear. The outpot b » are mounted
e right <ide of the chassis and hey and power-
sapply terminals along the rear edge. T 3-prong
ety t-prong roil socket and octal tube
nocket are sub-moun ing condenser need
not he insulated from the chaswis,

in clesated |
al 77 x 3 at

photograph= of Figs. 835 and 837, It is capable
of <upplying a power outpat of 10 to 15 watts
on either of two bands with a single crystal
and coil when operated at a plate voltage of
100 to 425, The higher vutput power ix obtain-
able ut the lower frequencies when the tube is
not called upan to double frequeney. The cir-
cuit, shown in Fig. 836, ix the grid-plate
eryvstal oscillator  cirenit,  discussed  earlier
Fig. 8181, with parallel plate feed.

Coustruction

Suggestions for cutting holex for the sockets
and terminal strips will be found in Chapter 6.
R.f. wiring shounld be as short and direct ax
possible from point to point. By-pass con-
densers are connected directly to the points
to be by-passed and grounded at the nearest
convenient mounting <crew. Cuare should be
taken that all serews so nsed make good con-
tact with the chassis. Coils are wound on
Ilhonmariund 115" diameter forms, Turns
~hould be spaced out to oceupy the required
length. A dink coil of a2 few turns closely
coupled to the ground end o L should be
provided to permit eoupling to an antenna
tuner (Chapter 130 or a following amplifier
with link input. The munber of turns for the
necessary degree of coupling must be deter-
mined by experiment.
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Power Supply and Tuning

The plate power supply should deliver 400
to 425 volts at not less than 100 to 125 ma.
(See power-supply chart, Chapter 14). A fila-
ment transformer delivering 6.3 volts at 1
amp. or more will also be required. With the
power supply connected to the terminals as
marked, a crystal with appropriate coil, tube
and meter with a scale of 100 to 150 ma.
connected, and key open, the transmitter is
ready for tuning. Useful output may be obh-
tained at the second harmonic as well as the
fundamental frequency of the crystal by the
selection of an appropriate coil. Thus, a 3.5-
Me. crystal will give output at both 3.5 Mec.
and 7 Mec. The tank condenser capacity has
been chosen so that two bands may be cov-
ered by each coil. If, for instance, the 3.5~
7-Mec. coil is used with the 3.5-Mec. crystal,
both 3.5 and 7 Mc. may be covered without
changing either crystal or coil. Care should be
used when doubling frequency to select a
crystal whose second harmonic does not fall
outside the bands assigned to amateurs.

Closing the key should cause a rise in plate
current to 60 ma. or more. If a coil is selected
which covers hoth the crystal fundamental
and its harmonic, tuning the tank condenser
near maximum or minimum should cause a
pronounced dip in plate current indicating
resonance at the fundamental and harmonic
respectively. The tuning of the plate circuit
should not he allowed to remain off resonance

©L66

+
KEY 63V 3S0V.
9A. 100 MA.

FI1G. 836—CIRCUIT DIAGRAM OF 6L6 OSCILLATOR

R;1 — 0.1 meg., 1 watt, grid leak.
R2 — 400 ohms, 2 watts, cathode biasing.
Rz — 13,000 ohms, 10 watts, voltage divider.
R4 — 50,000 ohms, 2 watts, voltage divider.
Ci — 0.0001-ufd. mica, cathode-circuit-tuning.
C2 — 0.0002-ufd. midget variable (Hammarlund MC-
200-M) plate tuning.
C3 —0.01 ufd., 600-volt paper, by-pass.
C4 — 0.002-ufd. mica, plate blocking.
RFC — National R100 r.f. choke.
L— 1.7 and 3.5 Mc. — 38 turns No. 22 d.s.c., 115"
diam., close wound.
3.5 and 7 Mc. — 20 turns No. 22 d.s.c., 172" diam.,
114" long.
7 and 14 Mc. — 10 turns No. 18 d.c.c., 114" diam.,
1 3/16” long.

IFI1G. 837 — BOTTOM VIEW — CRYSTAL OSCILLA-
TOR TRANSMITTER

The grid choke may be seen ahove the tuning con-
denser, the plate choke to the extreme right and the
cathode circuit choke, with the 100-uufd. mica con-
dcnser underneath it, to the left of the plate choke.
The cathode resistor is at the top and grid leak in the
upper left corner. The resistors of the acreen voltage
divider ate in the lower right corner. Ilate hlocking
condenser fastened to right rear of tuning condenser.

for any appreciable length of time, otherwise
the tube will be damaged. If the coil dimen-
sions given have not been followed carefully,
it may be necessary to make slight alterations
to bring the tuning range to the desired
frequencies.

Coupling and tuning the antenna should
cause a rise in plate current and probably
some slight effect upon tuning of the oscillator
so that readjustment of the tank tuning may
be required to maintain resonance. The dip in
plate current at resonance will be much less
pronounced with the antenna coupled. It
should be possible to load the oscillator up to
50 ma. or more plate current. The antenna
should not be coupled so closely that all dip in
plate current disappears. Slightly greater out-
put may be obtained if a coil is selected which
tunes to the desired frequency near minimum
capacity.

Tubes

The 6L6 and 6L6G should give equal re-
sults. Smaller tubes such as the 6V6G, 6F6,
etc., may be used at lower plate voltages with-
out altering values. Correspondingly lower
output power will be obtained, of course. If a
metal tube is used, the shield (pin No. 1)
should be connected to the chassis.
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TWO-STAGE 6L6 TRANSMITTER
OR EXCITER

TrE addition of an amplifier-doubler to the
616 oscillator will permit greater output and
the use of three bands with a single crystal. A
transmitter in which the oscillator and ampli-
fier are combined in a standard rack unit is
shown in the photographs of Figs. 838 and
840. Since all sockets and the tuning con-
densers arc sub-mounted (see Chapter 6 for
suggestions on cutting holes in chassis), no
wiring need appear above the chassis. Parts
are so arranged that the r.f.-circuit com-
ponents may be connected by short, direct,
rigid pieces of wire. Push-back wire is used
for the low-potential wiring. By-pass con-
densers are connected directly to the points to
be by-passed and grounded at the nearest
mounting screw which should make good
contact with the chassis.

Referring to the circuit diagram of Tig. 839,
it will be noticed that the screen and plate of
the amplifier tube are connected together to
form a triode, thus avoiding neutralizing diffi-
culties sometimes encountered with the tetrode
connection.

With the condensers specified, each tank coil
may be tuned to two bands so that coils need
not be changed frequently when changing
bands of operation. Coils are wound on Ilam-
marlund 114" diameter forms and the dimen-
sions given under the circuit diagram should be
followed closely.

The plate-voltage supply should deliver 400
to 450 volts, 150 to 200 ma. (see power-supply
chart, Chapter 14). A 6.3-volt filament trans-
former rated at 2 amp. or more and a source of
90 volts for biasing are also required. A pair of
45-volt batteries is recommended.

Tuning

Procedure to be used in tuning the oscillator
is the same as that outlined previously for the
oscillator transmitter. A meter with a scale of
150 to 200 ma. should be plugged into the
oscillator jack and a dummy plug or 14"’
diameter bakelite rod inserted temporarily in
the amplifier jack removing the plate voltage
from this stage. Since the oscillator is loaded
by the grid circuit of the amplifier, the mini-
mum plate-current at resonance, indicated by
dip in plate current, will be 30 to 50 ma.
When the oscillator has been tuned to reso-
nanee, the meter should be connected tempo-
rarily in series with the negative lead of the
biasing battery with the positive terminal of
the mecter toward the negative terminal of the
battery. When the key is closed, a grid-current
reading of 15 to 20 ma. should be obtained. A
eoil which will tune to the same frequency as
that of the oscillator output should be plugged
into the amplifier plate circuit. Tuning the
amplifier plate circuit should cause a dip in
grid current. The neutralizing condenser is
now carefully adjusted until all trace of dip in
grid current, as the amplifier tank circuit is
tuned through resonance, disappears and the
stage is neutralized. The meter may now be
removed from the grid circuit and plugged into
the amplificr jack. When the key is again
closed, the off-resonance zmplifier plate cur-
rent should be 150 ma. or more and 10 to 50
ma. tuned to resonance, the value depending
upon whether or not the amplifier is doubling
frequency.

A link winding of a few turns should be
wound on cach amplifier coil form in the space
between the halves of the tank coil so that the
output may be coupled to an antenna tuner

FIG. 838 — THE TWO-STAGE 6L6 TRANSMITTER

The steel chassis is 4" X 17 X 3" and the masonite panel 834" X 19" to fit standard rack. The five-prong
sockets for the crystal and amplifier coil, the four-prong socket for the oscillator coil and the two octal tube
sockets are all sub-mounted. The neutralizing-condenser shaft protrudes through the chassis behind the
amplifier tube so that it may be adjusted with a screwdriver. The white insulators are the button-type insula-
tors on which the tank condensers are mounted. Qutput terminals are at the right end of the chassis.
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(see Chapter 13) or a following amplifier with
link input. Antenna coupling should he ad-
justed to load the amplitier to draw a plate

current of about 100 ma.

Ninee cach coil may be tuned to two fre-
quencies, eare should be used in selecting the
proper plate-current dip in cach eireuit for the
desired frequencey. The lower of the two fre-

queneies covered naturally appears near the  unit just deseribed.
6L6G
(==
p; -
Cs g Output
i viCa
R 1
4 —
-,L_‘Cs 0y
CE 29
-390V + 350-400
BIAS 1SOMA

FIG, 839 — CIRCUPT DINGRAM — TWO-STAGE 656 TRANSMETTER

Ri — 08 meg. | watt. oscitlator grid
leak.
R — 100 ohmkr. 2 watts. oscillator

cathode resistor,

I’ — 15000 ohms, 10 watts,
voltage divider.

R — 10.000 ohms, 10 watis, samplitier
zrid leak

sereen

R — 50.000 oh « 2 watts, sereen
voltage divider.
C— 0.0001-ufd oscillutor

cathode
Co— 200 pufds. mi
marlund MC=200
Co— 0.0001 ufds. ¢
denser.
Cr— 12 yufds. neutralizing condense
(National UM30) with alter-
nate plates removed.

M).

a, conpling ¢

Co— 110 pufds. midget variable (Hanm-
maorhimd MC-140-M),

Co— 0,01 ufd.. 600-volt paper. b=
pitss,

REFC — National R 100 r
J — luxulated  closed  cir

k.

Mo, — 10

taurns

3.3-7
docen 147 diam.. 2”7 lon

Me, —20 tuens N

11 Me.— 8 turns No. 18 doeue.,
1L diam.. 1% long.

bo— 1.9-335 Me, — 27 turns No, 22
d.se. close-w 1 cach half.
12" between halves. dinmeter
147,

35-7 Me.— 13 mnrns No. 22
dosiee. 78" long each  half.
V4" Dhetween halves. di e
¢] wtween halves. diameter

1,7,

O Meo — 7 tuens Noo 18 e
8" long ecach half. 15”7
tween halves. d ter 1457
11-28 Me, — 234 turns %7 1
half. 12”7 between halves,
wter 1157,

maximum capacity of the tuning condenser.
Power output of 15 to 25 watts should be oh-
tainable on all bands.

GLG-807 TRANSMITTER ORR
EXCITER UNIT

Tins it ix quite similar to the two-stage

The use of the 807 as
the amplifier-doubler,
however, eliminates the
necessity for neutralizing
and, when a plate voltage
of 600 to 630 is used, ap-
preciably greater power
output may be obtained.

Most of the construe-
tional details are fur-
nished by the photo-

graphs of Figs. 841 and
S13 and their eaptions.
(See ChapterGfor sugges-
tions on  construction.’
The eireuit diagram and
~alues are shown in Fig.
842

The oseillator coils are
wound on 1”7 diameter
forms  mounted inside
National PB10 shielded
assemblies with S-prong
hases. One of the spare
prongs is used to make
conneetion between the
shiebl can and chassis
when the coil is plugged
in, The crystal and 807
tube each require a 5-
prong socket. The shield
around the lower portion
of the 807 tube is cut
down from a large re-
ceiving-tube  shield. It
should come up level

FIG. 840 — BOTTOM VIEW — TWO-STAGE 616 TRANSMI'T'TER

The cathode
condenser is mos

the front of the metal chassis and cleara

cirenit r.f. chohe ix the one above the erystal and oscillator tube sochets. ‘Fhe

densers, Tl
~ holes are cut in the panel,
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with the lower edge ol
the plate of the tube.

Cails wound on
standard 113" diame-
ter forms for the ampli-
fier mayv be used at
some saerifice in efli-
cieney, especially  at
the higher frequencies,
If the substitution ix
dexired, dimensions
may be taken from the
graphs of Fig. 828, bas-
ing the dimensions
upon a capacity of 160
wuufds, for the lower of
the two frequencies to

be covered.

The plate-voltage
power supply  =hould
provide 600 to 650 volts
at 150 ma. or more (see ¢
power-supply chart,
Chapter 14). The fila-
nent  transformer
should have a rating of
or more. A source of 90
43-volt  batteries  will
required for biasing the am-
plifier,

Tuning procedure will fol-
low closely that recom-
mended for the two-stage
GLO transmitter previously
deseribed  except  that the
amplifier is not neutralized.

Each coil will cover two
bands with the condensers
specified.

Before applying plate vol-
tage, both sliders on the
main voltage-divider resis-
tance should be set about
two-thirds of the distance
towards the positive high-
voltage end. After the trans-
mitter has been tuned up
with a 25-watt lamp as a
load for the amplifier, the
sliders may be adjusted to
provide 400 volts at the
phite of the 6L6 and 300
volts at the screen of the
807. At these voltages, the
oscillator off-resonance plate
current should run 60 to 70
ma. dipping to 25 to 50 ma.
at resonance. The plate cur-
rent of the 807 =hould dip
to 10 to 25 ma. with ne
load from an off-resonance
value of 125 to 150 ma.

The chassis measures 77
be substituted for 1he 7Y X 117

a feed-thr

6.3 volts at 2

FIG, 811 — 6L6-807 TRANSMITTER OR EXCITER

wrr
3

unted on the front of the an
eetion betw

amperes
volts such as a pair of
be

Ry 8c7

27, A panel of standard rack dimensions may
masonite panel shown. Insualate
al chawsis and clearance holes cut i

pancl,
iser stator and eoif is made through
ring up level with Yower edge of the
Is ut right rear.

Eaclh amplifier coil ix provided with a link
witding to couple to an antenna tuner

=ee

oL6

&2
a3 | T | I
= = J
= |

BIAS

~ 45V+TO90V.

-3
6.3v.
1L.8A

KEY

FIG, 812 — CIRCUTT DIAGRAM — 6L6-807

I vatt, oscillutor

waltx, oscillator
cathode resistor,

R — 15,000 olums, 10 watts, os
tor Ne veltage divis

Ry — 30.000 « s, 2 watts, ampli-

illa-

fier grid leak,
Ko =— 25,000 ohms, 10O walis — main

ren voltage divider,

2 watts, parasitic
Ree 1eat.)

. cathode cir-

[

Co— 200 pufadn,
In

1 K.
Co— 00000 -pfd.  n
condenser,
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o — 130 pufds. vaciable (Nati
TMS-150) 026" airgap. am-
plifier tuning.

C5 — 001 ufd., 600-volt
praams,

RIFC — Nutional R 100,
1

paper, by -

fo— 24 turns No. 21
1 dinm.. 1" long.
Me. — Il turus No. I8
P diam,, 17 long.

AR series — 3 turns
n smallest
whatitute coils o
made referring 1o charts of Figs,
828 an nensions on a
capacity of 160 yufds. for the lowest
frequency covered by cach coil,
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FIG, 843 — BOTTOM
VIEW — 6L6-807 TRANS-
MITTER

Tuning condensers are
mounted on button-type
insulators with spacers on
top to make condenser
shafts come at sameheight.
The grid choke and leak
may be scen in the lower
left corner and the oscilla-
tor screen voltage divider
between coil and 6L6
sockets. The cathode cir-
eunit choke and condenser
underneath it are below
the 6L6 socket. The 807
grid leak and eondenser are
to the left of the 807
socket. 'The main voltage
divider is at the extreme
rightend.

Chapter 13) or to a following amplifier with
link input. The coupling to the antenna tuner
should be adjusted to bring the amplifier plate
current to 100 ma. at resonance. Power output
under these conditions should run between 25
and 35 watts.

If the 807 stage has a tendency to self-
oscillate when used as a straight amplifier with
the load coupled, a 25-ohm resistor Ry con-
nected as shown in the diagram should
eliminate it.

GENERAL UTILITY TRANS-
MITTER-EXCITER CAPARLE OF
753-WATT OUTPPUT

Tue two-stage 61.6 transmitter previously
described (Iig. 839) may be used to drive o
medium-power final amplifier. The two are
combined in the transmitter shown in the
photographs of Iigs. 844 and 846. Output
may be obtained on three bands with a single
1.7-, 3.5- or 7-Me. crystal. A variety of tubes
may be used in the final amplifier. With the
809, RK11, RK12 or HY57, an output power
of approximately 50 watts is obtainable as a
¢c.w. transmitter or exciter, or approximately
35 watts as a plate-modulated amplifier. With
higher voltages such tubes as the T40, TZ40
or HY40 will deliver 70 to 75 watts for c.w.
or driver work and a carrier power of 45 watts
for plate-modulated 'phone.

Construction

Most of the constructional details are ob-
tainable from the photographks and captions.
The reader is referred to Chapter 6 for sugges-
tions on preparing the chassis for mounting
apparatus. In mounting the panel, the lower
edge is dropped one-half inch below the lower
edge of the chassis to provide additional depth
for the two variable condensers. The support-

ing side brackets are also dropped the same
distance.

The link eontrol is brought out to the panel
by means of a 34" shaft coupled to the link
shaft with a reducing coupling.

Coils for the oscillator and buffer-doubler
are wound on one-inch diameter forms fas-
tened inside National P1310 shielded units with
H-pin bases, Where the winding length specified
permits, the number of turns specified should
be spaced out to occupy the specified length.
The tap on the buffer-doubler coil should be
made as accurately as possible at the center so
that it will not be necessary to reneutralize
the buifer-doubler in changing bands. It may
be necessary to shift the tap slightly to find the
correct point. Dimensions given in the table
should be followed as rigidly as possible. This
applies particularly to the buffer-doubler coil
Ls since any appreciable deviation will make it
impossible to tune to both of the bands for
which the coil is designed. In the final ampli-
fier, Barker and Williamson type BVL coils
are used. The 3.5- and 7-Mec. coils must be
pruned as indicated in Table 1. The BVL-80
coil, used in conjunction with the padding
condenser Cy, will do for the 1.75-Me. band
without alteration. Therefore, in purchasing
the sef, the 1.75-Me. coil should be omitted,
substituting a second BVL-80. Proper in-
ductance values as well as optional dimensions
are given in the table. The circuit diagram is
shown in Fig. 8435,

Parts are arranged so that the little r.f.
wiring required may be made with short pieces
of stiff wire. All power wiring, except that
carrying high voltage for the final amplifier, is
done with push-back wire. Wire with heavier
insulation, such as ignition cable, is preferable
for high-voltage wiring. The meter jacks may
be wired before the panel is fastened to the chas-
sis, leaving sufficient length to permit mounting
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when the panel
and chassisare as-
sembled. Care
should be taken
to connect the
jacks so that the
meter will read
in the proper di-
rection when
plugged into any
of the four jacks.
If the tip of the
plug is connected
to the positive
side of the meter,

the jack spring
which makes con-
tact with the plug
tip should be con-
nected to the posi-
tive high-voltage
supply terminal
in the case of the

plate-circuit jacks and to the negative biasing
terminal in the case of the grid-cireuit jack.
Power-Supply Requirements

Power-supply requirements will depend upon
the tube to be used in the final amplifier.

FIG. 844 — 75-WATT OUTIPUT TRANSMITTER-EXCITER

The unit is designed to fit a standard rack. Chassis dimensions — 7" X 17”7 X 214”3
panel — 834" X 19”7 X 14" masonitec. The tank condenser and final-amplifier neutralizing
condenscr to the left are mounted on short stand-of! insulators. The mica blocking con-
denser is mounted on the chassis ncar the lcft front corner of the tank condenser. Control
shaft of the 61.6 neutralizing condenser protrudes above the chassis through 12" clearance
hole hetween the two coil shiclds. Adjustment of the variable link output eenpling may
be miade with control to right of final-amplifier dial.

A single 6.3-volt filament transformer will
suffice if the Type 809, RK11-12 or HY57 is

selected. It should have a current rating of five

amperes. If any of the other tubes mentioned
above is selected, a separate 7.5-volt filament
transformer will be required.
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(See 7ext)  POSITION

100-125 MA. (See Text)

FiL
(See Text)

FIG. 845 — CIRCUIT DIAGRAM OF 75-WATT TRANSMITTER

) — 100-pufd. mica.

C2 — 140-pufd. midget (Cardwell
ZU140AS) with mounting
bracket.

C3 — 100-pufd. mica.

4 — 12-ppfd. (National UM-50) al-
ternate plates removed.

Cs — 140-pufd. midget (Cardwell
ZU140AS) with mounting
bracket.

Ce — 100-pufd. mica.

C7 — 25-pufd. (National ST-25).

(See Text)

Cg — 0.001-u4fd. mica (Cornell-
Dubilier  5000-volt d.c.
working).

Co — 260 uufd. per section (Card-
well MR260BD), spacing
0.03".

€10 — 150-pyufd. fixed air padding
condenser for 1.75-Mec.

band (Cardwell EO150FS),
0.05" spacing.

Ci1 — 0.01-pfd., 600-volt
(non-inductive).

Ri1 = 100,000 ohms, 1 watt.

18

paper

Rz — 400 ohms, 2 watts.

k3 — 15,000 ohms, 10 watts.

R4 — 50,000 ohmas, 10 watts.

1Rs — 50,000 ohms, 2 watts.

Re — 1500 ohms, 2 watts for 809
RK12, TZ40, HY57; 5000
ohms, 10 watts for RKI11
T40, HY40.

REC — Radiofrequency
National R100.

J —Closed-circult jack.

Sce Table 1 for coil dimensions.

choke —
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A plate-voltage supply delivering 400 to 150
volts with a rating of about 150 ma. will be re-
quired for the oseillator and buffer-doubler.
The 809, RK11-12 or 11YH7 will require a 750-
volt supply rated at 150 ma. for e.w. operation
or 600 volts at 125 ma. for 'phone operation.
The larger tubes require 1000 volts at 150 ma.
for c.ow. work or 800 volts at 125 ma. for ‘phone
work. Rated plate currents for the smaller
tubes are 100 ma. for telegraphy and 83 ma.
for plate-modulated “phone operation, and for
the larger tubes, 115 ma. for telegraphy and 90
ma. for telephony. Some additional allowance
must be made for bleeder current. The tank
condenser specified was selected with the above
ratings in mind. (See  power-supply  chart,
Chapter th for details of suitable power sup-
plies)) A source of 90 volts is required for
hiasing purposes. This may be obtained from a
pair of 4d-volt batteries or from a suitable
bias power supply (see Chapter 11,

If & 6.3-volt tube is used in the final ampli-
fier, the two sets of terminals mayv be con-
nected in parallel as indicated by the dotted
lines. The terminals for the alternate key
position should be strapped together with a
wire and the key connected in the oscillator
cirenit. The biasing voltage should be con-
nected to the terminals indicated: a voltage
of 90 is required for the 6LGG. I a pair of 45-
volt batteries is used for this purpose, a tap
may be taken off at 225 to 15 volts for the
final amplifier. Care should be taken that the
grid-leak resistance is proper for the tube used
in the final amplifier as indicated under Fig.
S1H.

The oscillator and buffer-doubler stages are
tuncd up following the instruetions for tuning

the two-stage 616 transmitter. Proper erystal
and coils should be seleeted whieh will permit
operating the GL6G0 as a straight amplifier,
noting that ecach buffer-doubler coil covers
two bands, and a milliammeter should be in-
serted in the grid biasing lead to the 616G un-
til the 6L6G is neutralized as previously de-
seribed  (Fig. 839, During the proeess «
dummy plug should be inserted in plate-cir-
cuit jack to remove plate voltage from the
616G,

With the key closed, the oseillator off-reso-
nanece plate carrent should he between 60 and
70 ma., dropping to somewhere between 25
and 40 ma. at resonance. When the 6L6G has
been neutralized, the dummy plug may be
removed wad the meter transferred to the
GLOG plate-cirenit jack. With the key elosed,
the off-resonance plate current =hould rise to
100 ma. or more. At resonance, it should fall to
somewhere between 60 and 90 ma.

With the buffer-doubler tuned, the meter
plug should be transferred to the third jack in
the grid eircuit of the final amplifier. When the
key is again closed, the grid current should
rise to 35 to 45 ma. Somewhat higher driving
power will be obtained if a buffer-doubler eoil
which tunes to the desired frequeney with a
low value of capacity is chosen.

The next step is that of neutralizing the final
amplifier and it ix earried out in exactly the
same manner as deseribed for the buffer-
doubler. When neutralized, the grid current
should remain eonstant with tuning of the
plate tank cireuit. In preliminary tuning of the
final amplifier with voltage applied, voltage
should be reduced, if possible. A 200-watt lamp
may be inserted in series with the primary of

the high-voltage

transformer or a
100-watt, 10,000-
ohm resistor con-
nected in series
with the positive
high-voltage lead
to protect the
tube against pos-

sible damage
during  prelini-
nary tuning.
With plate-vol-

tage applied, the
tank condenser
should be rotated

FHG. 816 — BOTTOM VIEW — 75-W AT FRANSMITIER

The oscillator and doubler tank condensers are inaulated from the chassis by virtue of
their isolantite end plates to which mounting brachets are fastened, The shafts are
lings. Crystal and coil sochets are 3-prong type,
:h in sunhk abhout 1”7 helow the chassis so
I'he chassis is cut out at the rear for the terminal
insulated) may be
the masonite panel. Insalated terminad strips used for supporting chokes and resistors

provided with insulating flexible cou
The final-amplifier requires a ¢
that the panel height may be li
stripe and at the front so that ther

ited.
r juchs(u

nuay be seen at several points,

rapidly until the
plate-current dip
ix found. Care
should be taken
that the correct
dip in plate cur-
rent s selected
heenuse some of

nounted direetly upon
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COLL TABLE 1

Coil Turns ¥ ire Diameter Length
No. 1 62 No. 26 d.s.e, 1 14"
No. 2 42 No. 22 ds.c. 17 15”
No. 3 R No. 22 de. 1”7 17
No. 4 10 No. 18 ... 1 1
No. D S8 No. 28 s, 1’ 1
No. 2 a2 Now 22 (e, 1’ 1y’
No. 3D 14 Noc IS e, 1 |
No. 4 O No. M bare 1 107

*Tapped at center,
Self-supporting,

Coil No. 1A
hutuetanee
Optional coil

Coil No. 27

end
Inductance
Optional coil
Coil No. 37
end
Inductance
Optional coil

C'oil No. 4A

Inductance

B & W BVLNO v alieration
30 microhenrys
I5 turns, 5 din.. No. 14 double-spaced
B & W BVL-8O. remove 4 turns from each

17 microhenrys
21 turns No, 14, 2157 dinn,, 37 fong
B & W BVLA0. remove 3 turns from each

8.5 microhenrys
13 turns No. 14, 2057 dim., 174" longe
B & W BVI-200 ho alteration
3.1 microhenrys
Optional coil — 9 turns No. 14, 214" ddizuny, 20,7 long
Coil No. 5A B & W BVE-10, no alteration
Inductanece — 1 microhienry
Optional eoil — 4 turns No. 14, 215" diam., 14" long

COIL INDEX — TABLE 11

Crystal Oul put
Freq. Freq. L1 L2 Ly (43
L.75 Me. 1.75 Me. No. 1 No. 11> No. 1A High
1.75 Me, 3.5 Me, No. 2 No. 1D No. 22 Low
175 Me. 35 Me. No.2  No.2D No.2A High
1.75 Me, 7Me. No.2  No.2D No.3A Low
1.75 Me. 7 Me. No. 2 No. 3D No, 37 High
3.5 Me. 3.5 M No,2  No. 1D No.2A  Low
3.5 Me., 5Me. No.2  No.2D  No. 24 High
3.5 Me, 7 Me. No. 2 No. 2D No.3A  Low
D Me, 7 Me. No.2 No, 3D No.3A  High
3.5 Me. 7 Me. Nood o No.2D No.3A Low
3.5 Me. 7 Me. No.3 No. 3D No.3A  High
3.5 Me. 14 Me No. 3 No. 3D No.4\A  Low
3.5 Me, 14 Me No. 3 No. 4> No.4A High
7 Me. 7 Me No.3  No.2D  No.3A  Low
7 Me. 7 M No. 3 No. 3D No, 3\ High
7 Me. 14 Mo No. 3 No. 31> No,4A  Low
7 Me. 14 M No. 3 No. 4> No.4A  High
7 Me, 14 Mo No.4 No.3D  No.4A  Low
7 Me. 14 Me, No. 4 No. 4D No. 4\ High
7 Mo, 28 Me. No.4 No.4D No.s\  Low

the tank coilx will tune to two hands, Approxi-
mately eorreet settings for the tank condenser
with a 100-degree dinl are: 1.75 Me.—90, 3.5
Me.—90, 7 Me. 45, 14 Me.—20, 28 Me.— 10,
To maintain an optimum L-¢' ratio at 1.7 Me.,
the 150-uufd. ais padding condenser "1y must
be connected in parallel with the tank eon-
denser as shown in Fig. 845. I'ull plate voltage
may now be applied. The minimum plate eur-
rent for any of the above mentioned tubes
should be approximately 15 to 35 ma, depend-
ing upon the frequency. If desired, the power
output may be checked roughly by coupling a
110-volt lamp to the final tank coil either by
means of the link winding or by several turns
of heavily insulated wire wrapped around the
tank coil. The lamp should have a power rating
approximately equal to the power output ex-

peeted. Grid current to the final amplifier
will decrease somewhat when plate voltage is
applied and again when the load is coupled.
It should not fall helow 25 ma. for any of the
tubes suggested.

The output link is provided for coupling by
link line to a suitable antenna tuning unit (sec
Chapter 13) or to u following amplifier with
link input. When the antenna has been tuned
to resonance, coupling may be adjusted to
load the amplifier to rated plate current by ad-
Justment of the variable link. In a ease where
home-made coils are used without variable
link, the number of turns to be used in the link
winding to provide the correet loading must
he determined experimentally.

Information on modulating the final ampli-
fier for "phone work will be found in Chapter
10,

A TWO-BEAM-TURBE TRRANS-
MITTER

Fis. 847, 848 and 850 give various views of
i two-tube exeiter or transmitter which will
cover three bands with one erystal. 1t is neces-
=ary to change only one coil when going from
one band to the other. A 6L6 Tri-tet oscillator
drives an RK47 or 814 heam tetrode s u
straight amplifier on the two lower-frequeney
bands and as a doubler on the highest fre-
quency. With vated input to the amplifier, the
output ix hetween 125 and 150 watts with
straight amplification, and about 75 watts
doubling.

Fig. 849 gives the cireuit diagram. The 61.6
plate eireuit is proportioned so that the crystal
fundamental and second harmonie both e¢an he
covered with a single coil at Le; (' ix =imply
swung to give resonance at either.

[lelpful sugge=tions on preparing the chassix
will be found in Chapter 6.

Resistor Ry is a grid leak used only when
doubling in the final; it is shorted by switeh S
when the tube ix a straight amplifier.

The amplifier tube ix set in a socket sus-
pended below the chassis. A shield ean with the
top cut off surrounds the lower part of the tube
to provide additional shielding, The switeh
shaft of the multiple ervstal holder is con-
neeted to a panel control by means of a flexi-
ble-cable coupling so that any of the crystals
can be selected from the front. The holder
fits a standard five-prong socket and can
be pulled out in an instant should it be neces-
sy to use an extra erystal provided with the
customary mounting. The 6L6 plate coil is
air-wound, cemented on eelluloid strips and
mounted inside a shielded plug-in coit box.
The shield ix grounded through one of the five
pins on the coil base.

Two power-supply units will he required,
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FIG. 847 — THE TWO-BEAM-TUBE TRANSMITTER OR
EXCITER FOR 61.6-RK47 ORR 814 TUBES
Output power of 150 watts is obtainable at 3.5 and 7 Mc.,
100 to 125 watts at 14 Mc. and 75 watts at 28 Mc. The masonite
panel is of standard rack dimensions: 10%%” x 19" x 14" and
the chassis 77 x 17”7 x 3", Crystal switch in upper right corner,
grid-leak switch below.

watt or lurger lamp may be connected
in serics with the primary winding of
the plate transformer.

In the amplifier stage, with Rs shorted
out, the unloaded minimum plate current
should be between 15 and 25 ma., de-
pending upon the frequency and L-C
ratio. Doubling to 28 Me., with Rj in
the circuit, the minimum plate current
should be about 60 ma.; the tank can
be loaded until the tube takes 120 ma.
without color showing on the plate. At
150 ma. the plate gets pink, but the out-
put is higher. On bands where the final
stage is a straight amplifier there is no
color on the plate at the rated plate cur-
rent of 150 ma. Optimum grid current
is 10 milliamperes.

The fixed bias, approximately 70 volts,
may be secured from batteries or from a
power pack (see Chapter 14). This value
is for Class-C operation, and is greater
than cutoff so that no plate current flows
when excitation is absent.

No output-coupling arrangement is

one delivering 400 v., 75 to 150 ma. and the indicated in the diagram, this being left to the
other 1250 volts, 150 ma. Reference should be  preferences of the constructor. There is ample
made to the power-supply chart of Chapter room on the forms for a link. (See Chapter 13
14 for details. A filament transformer deliver- for information on a suitable antenna coupler.

ing 10 v.at 4.15 amps or more

is also required.

Since either type tube has
suflicient screening, no neu-
tralizing is necessary. Aside
from this, the tuning process
is the same as described for
previous transmitters.

For minimum ecrystal cur-
rent it is essential that the di-
mensions of L; be duplicated
and that C; be set as near
minimum capacity as is con-
sistent with the excitation re-
quired. Crystals of ordinary
activity will work well with ('
set right at minimum, and
this control in nearly all cases
may be left alone. The setting
for crystal-fundamental out-
put will be found near maxi-
mum capacity on Cs, and for
second-harmonic output near
minimum capacity. The 6L6

plate current at resonance will

be about 60 milliamperes in FIG.848 — REARVIEW — TWO-BEAM-TUBE TRANSMITTER-EXCITER
either case, using 400 v. In The plug-in multiple crystal holder with internal switch seen at the left

tuning the final amplifier, it

(National)holds four crystals and plugs into a standard 5-prong socket.
Qscillator plate coil is in shielded plug-in unit to right of 6L6. Meter jacks

18 always advnsab.le to 10\\'.81‘ for the oscillator plate circuit, final-umplifier grid and plate circuits are
plate-voltage until plate-cn‘- mounted on the rear edge of the chassis; the two at low-voltage are of the
cuit resonance, indicated by insulated type and the high-voltage one provides greater insulation by a

plate-current dip, is found.
Lacking other means, a 200- meter to the plug.

188

piece of bakelite mounted so that the jack projectstbhrougha hole of ample
size in the chassis. lleavily insulated cord should be used to connect the
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FIG. 850 — BOTTOM
VIEW

The cathode-circuit coil
may be scen to the left of
its tuning condenser. C3
is insulated from the
chassis by four button-
type insulators and the
shaft provided with an
insulating flexible shaft
coupling. The 5-prongam-
plifier-tube socket is low-
ered an inch or so below
the chassis on brackets. A
smallbaffleshield is placed
between the two small
variable condensers.

~ov. -61
s

FIG. 849 — CIRCUIT DIAGRAM OF THE TWO-BEAM-TUBE TRANSMITTER

+1250

C1 — 100-uufd. variable (National ST-
100).

Cz2 — 250-pufd. variable (National STil-
250).

C3— 50-uufd. transmitting type. airgap
0.171” (National TMA 50A).

C4 — 0.005-ufd. wmica, receiving type
(Dubilier).

Cs — 500-pufd. mica, 1000-volt (Aerovox
Type 4).

Cs, C7 — 0.002-ufd. mica, receiving type
(Aerovox).

Cg — 0.002-ufd. mica, 3000-volt (San-
gamo).

Co-C13, inc. —0.01 paper, 600-volt
(Aerovox and Sprague).

Iy — 100,000 ohms, 2-watt (IRC).

R2 — 400 ohms, 2-watt (IRC).

R3-—5-ohm adjustable wire-wound
(Electrad).

R4 — 25,000 ohma, 10-watt (IRC Iype

AB).

Rs — 15,000 ohms, [0-watt (Ohmiite).

Reé — 4000 ohms, [0-watt (IRC Type
AB).

J1, J2, J3 — Closed-circuit jacks (Yax-
Iey).

RFC — Receiving-type chokes
tional R-100).

M — 0-200 d.c. milliammeter (Weston
301).

Li — For 7-Mec. crystal, 8 turns No. 22
on l-inch form, epaced to make

(Na-

length 1 inch. For 3.5-Mec. crys-
tal, 153 turns same diameter and
length.

L2—7 to 14 Mec.: 17 turns No. 14, out
side diameter 1 inch, spaced to
mahe length 2 inches. 3.5 to 7
Me.: 35 turns No. 16 d.c.c. on |-
inch form. (Mounted in Na-
tional Type PPB-10 3-prong coil
base and shield.)

La— 3.5 Mec.: 36 turns No. 14, diameter
2%, inches, length 33/ inches. 7
Mec.: 14 turns No. 14, diametcr
24 inches, length 2 inches. 14
Me.: 6 turns No. 14, diameter
2%, inches, length 7% inch. 28
Me.: 3 turns No. 14, diameter
2t inches, length 253 inches.

All exeept 3.5-Me. coil wound on Na-
tional XR-10A forms with ’B-15 plug
bases to fit XB-15 jack base. The 7- and
14-Mec. coils are wound in consecutive
grooves; the 28-Mec. coil in every sixth
groove.

R3 should be adjusted to drop the
616 filament voltage to 6.3 volts from
the 10-volt source.

The 6L6 shell and RK-47 beam-form-
ing plates are connected directly to
ground. The 616G is not recommendecd
for this circuit, us the crystal current
runs considerably higher than with the
6L.6.

Filament supply required: 10 volts at 4.15 amp. The 400-volt plate supply should
deliver 100 ma., the 1250-volt supply 150 ma. (See Chapter 14.)
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A SINGLE-TUBE
200-WATT
AMPLIFIER

Thue single-tube am-
plifier shown in the
photograph of Fig. 831
was designed for the
popular medium-
power class tubes such
as the 808, RK35-37-
51-52, T55, 35T and
HK54-154 types oper-
ating at 1500 volts and
up to 150 ma. 1t is
provideé with fixed-
link input for coupling
to a driver and vari-
able-link output for
coupling to a following
amplifier with link in-
put or to an antenna
through a suitable an-
tenna eoupler (see
Chapter 13). The
tank condenser speci-
fied is suflicient to pro-
vide nearly optimum
capacity at all fre-
quencies down to 3.5
Mec. when the ratio of
plate volts to plate-
current milliamperes
is not less than 10 to 1.
At 1.7 Me. an air pad-
ding condenser should
be conneeted as shown
in the circuit diagram
of Fig. 852. The block-
ing condenser (; is
essential to prevent
break-down of the
tank condenser, other-
wise a much larger
tank condenser would
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FLIG. 851 —200-W AT INPUT AMPLIFIER

T'his single-tube litie
KK -35-37-51-32. 808. '1'33. ¢
19" masonit

panel. The tank condensers are

wits designed for tubes operating at a plate voltage of 1230 to 15300 volts sueh as
33F and HR31-151. Components ure assembled on e 87 X 177 X 2 chassis with a 83,7
unted on short stand-off insulators, Eaeh shaft is provided

with an insulating flexible conpling, The plate blocking condenser is essential,

he required, Short-circuiting turns to reduce eoil
inductance i suggested to avoid spoiling the
coilforother purposes where the full induetance
may be required.

The type 8G8 shown in the photograph ax
well ax the RK33-37 and the HKH4-154 have
the grid terminal at the side of the tube so
that the socket may be sub-mounted on the
chassis. The other types mentioned above have
the grid terminal at the base so that the socket
<hould be mounted above the base when using
these latter types.

The rf. chokes and hy-pass condensers are
mounted beneath the chassix where plenty of
room will he found. Both tuning condensers
must be insulated from the chassis. While u
shaft coupling with bakelite insulation is satis-
factory for the grid-condenser control, it is
important to provide one with insulation for
high voltages for the plate-condenser xhaft
A control for varving the output-link coupling
is brought ont to the frort of the panel. Ninee
the shaft provided with the Barker and Wil-
liamson unit has a 3;4"" diameter shaft, u
reducing coupling will be required to couple it
to a 4" shart. The high-voltage line ix brought
up through the chassis through a button-type
insulator. Terminals ure provided at the left
for the output, at the right for exciter input
and at the rear for power-supply connections.
Chapter 6 contains suggestions for eutting and
drilling the chassis,

Power-Supply Requirements

The plate-voltage supply should deliver 1500
volts at 150 ma. or more. (See power-supply
chart in Chapter [4.) Filament-supply require-

ments vary with the type of tube selected. The
R08 requires 7.5 volts, 4 amperes. Provision
must also be made for biasing the grid; this
requirement also depends upan the tube chosen.
For c.w. operation with the 808, it ix most
simply provided by a 45-volt battery and
5000-0hm, 10-watt grid-leak resistance in series
across the biasing terminals, although a suit-
able power supply may be used ax described in
Chapter 14. With other types, sufficient fixed
biax should be provided to cut off plate current
without exeitation (roughly the plate voltage
divided by the amplification factor of the tube
which ix given in the tube tables, Chapter 5
and supplving the remainder of the biasing
voltage specified in the tube tables by a grid
leak whose resistance when multiplied by the
grid eurrent in amperes will give the required
additional veltage.

Driving power also varies with the type of
tube. 1t should he eaxily possible to drive any
of the tubex for which the amplifier ix designed
by the 61.6-808 exciter of IFig. 842 or the band-
switching exciter of Fig. 866. The exciter should
be capable of delivering not lexs than 20 to 25
watts at all frequencies.,

Proper tuning of an amplifier has been dis-
cussed in detail in the dexign section of thix
chapter. Briefly, taking the 8308 asx an example,
the first step after connecting the exciter and
power supply, = that of neutralizing. With
plate voltage off and excitation applied, a mil-
liammeter in series with the grid-bias eireuit
should read at least 35 ma. when the grid cir-
cuit of the amplifier and the plate circuit of the
exciter are tuned to resonance and the cou-
pling properly sadjusted. Referring to the

190



TRANSMITTER DESIGN AND CONSTRUCTION

diagram of Fig. 852, it will be noted that the
grid is shown connected at an intermediate
point on the grid-tank coil. This connection
was found necessary to provide a proper im-
pedance match between the grid and the out-
put circuit of the 61.6-807 exciter. Connection
of the grid at the top of the tank circuit would
not permit loading of the 807 driver. The tap
was placed at the 15th, 9th, 6th and 5th turn
from the ground end in order from the largest
to the smallest grid coil.

With the grid circuit adjusted for maximum
grid current consistent with rated driver plate
current, tuning the plate circuit will cause a
dip in grid current at resonance. The neu-
tralizing condenser should then he adjusted
until all signs of the grid-current dip have dis-
appeared and the stage is neutralized. Plate
voltage, reduced by inserting a 200-watt or
larger bulb in series with the primary winding
of the plate transformer, may now he applied

and the plate circuit tuned to resonance
L
«C3y
i G
L
CzI
F‘ RFC,
C.T. + -
FIL. BIAS

FIG, 832 — CIRCUIT DIAGRAM  OF

AMPLIFIER

€1 — 150 pufds.. 03" airgap (Cardwell MRI30B8S),

C2 — 0.001-pfd. mica, by-pass,

C3— 0.01 pfd., 600-volt paper. by-pass.

Neutralizing condenser (National NC800).
5 — 0,002 pfd., T000 volts, blocking., (Cornell-Dubilier

22(:86).

Ce— 180 pufds. per section,
MOI180BD).

C7 —80 upufds. air padder for 1.75
JD80-0S8) .1" airgap.

RFCI — R.F. Choke (National R100).

RFCy — R.F. Choke (National R1541 ).

11 — National AR xeries. (See text for explanaiion of
tap.)

Note: Substitule eoils may be made by referring 10
the chuirts of Figs, 828 and 829, using 160 gufds, for
lowenst frequency 1o be covered by each coil,
to— LT Me. —B & W I'VEL-160 with turns shori-

circuited at each end so circuil resonates
with €7 and Cg at maximum capacity, (See
text regarding padding condenser.)

3.3 Me. — B & W TVL-80 with 7 turnx short-
circuited at each end.

7, 14 and 28 Mc. — B & W TVE-40. ‘I'V1.-20 and
‘TVL-10.

Note: Substitute coils may be made by referving to
the chart of Fig. 829 and basing dimensions upon
capacity values of 180, 90, 15, 25 and 23 uufds.. respecs
tively, for 1.7, 3.3, 14 and 28 M.,

200-W AT

057 airgap (Cardwell

Me. (Cardwell

indicated by dip in plate current. It is always
advisable to reduce amplifier plate voltage in
tuning up not only to prevent damage to the
tube but also to prevent tank-condenser
break-down if the amplifier does not happen
to be loaded.

The antenna may now he coupled through an
antenna coupler (See Chapter 13) and the
coupling adjusted to bring the plate current up
to the rated value (125 ma. for the 808). With
the load applied, the grid current should not
drop below 25 ma.

Information on grid and plate modulation
of thix amplifier will be found in Chapter 10.

A SINGLE-TUBE HIGIH-POWER
AMPLIFIER

Tue single-tube high-power amplifier shown
in the photographs of Figs. 853 and 855 was
designed for tubes such as the types RK63-36-
38, 806, HK354-254, 250TH-TL, 100TH-TL,
T155-200 and HF200-300. A plate tank con-
denser was chosen with a capacity sufficient to
provide optimum capacity at the lower fre-
quencies when the ratio of plate volts to plate-
current milliamperes is 12 to 1 or higher and
with a plate-spacing sufficient for c.w. opera-
tion up to 750 watts input at 3000 volts when
used in conjunction with the blocking con-
denser specified. For 1.7-Me. operation,
an air capacity of 75 ppfds. should be
added in parallel with the tank condenser
as shown in the circuit diagram of Fig.
854. This condenser should have a peak-voltage
rating of not less than 7000. 50-uufd. and 25-
rufd. Eimae vacuum units in parallel should be
satisfactory. As mentioned previously, short-
cireuiting turns to reduce coil inductance is
suggested to avoid spoiling the coils for other
purposes where the full inductanee may be re-
quired. If turns are removed, the number must
be determined cxperimentally. The condenser
should bhe set at approximately the capacities
mentioned under the coil table.

The input circuit is arranged for fixed-link
coupling to the driver and the output tank coil
is fitted with a varible link winding for coupling
to a low-impedance transmission line to an-
tenna or a suitable antenna coupler (see Chap-
ter 130,

A control for the variable link ix hrought out
to the panel by means of a 14" extension <haft
coupled to the 34" shaft provided for the link
by means of a reducing coupling.

/nput

Power Supply and Excitation
Power-supply requirements  will  depend
upon the tube selected and the desires of the
builder. The tube tables of Chapter 5 should be
consulted for maximum ratings. In this in-
stanee, the RK63 was seleeted and the decisinn
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made to operate it at 3000 volts, 250 ma. for
c.w. operation. The plate-voltage supply there-
fore is required to deliver this power. (See
power-supply chart, Chapter 14.) The filament
transformer is required to deliver 5 volts at 10
amperes. A source of biasing voltage is also
required. It is common practice to provide
sufficient fixed bias to cut off plate current
and to obtain the remaining voltage required
for recommended operating bias from a grid

should be entirely adequate for efficient c.w.
operation.

Tuning

With power supplies connected and the ap-
propriate coils in the amplifier but with plate
voltage off, excitation should be applied and the
exciter output circuit and amplifier grid circuit
tuned for maximum grid current which should
run not less than 70 ma. under the circum-
stances described. The coupling be-

tween exciter and amplifier should be
adjusted so that the exciter tube is
loaded to normal plate current. It is
possible that the grid link may require
adjustment to obtain proper loading
of the exciter.

The plate tank circuit should next
be tuned to resonance as indicated by
a dip in grid current. The neutralizing
condenser should now be adjusted with
an insulated screwdriver, or insulated
rod sharpened to an edge, until all
indication of dip in grid current dis-
appears. The amplifier is now neutral-
ized and ready for application of plate
voltage. Voltage should be reduced for
preliminary tuning; as a matter of
fact this is always good practice in
tuning an amplifier above the very

FIG. 853 —THE HIGII-POWER SINGLE-TUBE AMPLIFIER

The apparatus is mounted on a 15/ X 17''X 14" maple board
half of which is covered with a sheot of thin metal. The masonite
panel dimensions are 1534 X 19" X 14"'. The grid tank condenser
is mounted on 114" stand-offs, bringing the terminals up near
the grid terminal of the tube. The plate tank is mounted upside-
down on metal brackets cut from standard chassis brackets.
These brackets must be mounted upon the unshielded portion
of the baseboard to provide insulation from ground. The B & W
coil mounting is fastened to the bottom of the tank condenser.

leak of suitable resistance. TFollowing this
practice, a fixed bias of 90 volts and a grid-
leak resistance of 2500 ohms, 25 watts will be
required. (If other tubes are used or other op-
erating conditions imposed, see comment in
regard to biasing in reference to Fig. 852.)
Since grid-current flow will be rather heavy,
batteries of the heavy-duty type should be
selected if this form of fixed bias is to be used.
It is preferable to use a biasing power pack
such as one of those described in Chapter 14.
The resistance introduced in the grid circuit by
the voltage-divider or bleeder resistance of an
unregulated supply should be 4000 ohms.
Excitation requirements will also vary with
the type of tube used and the operating condi-
tions. An exciter delivering 70 watts on all
bands should be satisfactory for driving the
amplifier with any of the previously mentioned
tubes under the maximum operating conditions
set forth. The 75-watt-output exciter of Fig.
845 with the TZ40 operating at 1000 volts

low-power class since it not only
prolongs tube life but also prevents
possible tank-condenser break-down
when the amplifier is unloaded.
Resonance in the plate circuit is indi-
cated by a dip in plate current. Coup-
ling and tuning the antenna will cause
an increase in plate current. The vari-
able link should be adjusted to load
the amplifier to the desired plate cur-
rent with the antenna and tank circuits tuned
to resonance. When plate voltage and load are
applied, the grid current will fall off to a certain
degree. It should not fall below 50 ma. under
the conditions described. Plate and grid modu-
lation of this amplifier are discussed in Chapter
10.

PUSII-PULL AMPLIFIERS

Kor ease of handling, the push-pull amplifier
is to be preferred to a single tube, especially at
7 Mec. and higher frequencies. It may be taken
as a general rule that, in transmitters for high
frequencies, it is more desirable to use, for
example, two tubes of 100 watts output rating
rather than one tube rated at 200 watts output.
Not only is the circuit more satisfactory to op-
erate, particularly from the neutralizing stand-
point, but the fact that even harmonics are
practically cancelled in the push-pull amplifier
reduces the possibility of harmonic radiation.
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855 — SIDE VIEW — SINGLE-TUBE HIGII-
POWER AMPLIFIER

The hlocking condenser in back of the plate tank
condenser is essential. The filament transformer is
included in the assembly to eliminate voltage drop
in the leads. It is important that each tank-condenser
ahaft be equipped with a suitably insulated coupling.
The tube shown in use is the RK63.

FIG.

A MEDIUM-POWER PUSII-PULL
AMPLIFIER

Tue push-pull amplifier shown in the photo-
graph of Fig. 856 is designed primarily for c.w.
operation with such tubes as the 35T, RK35-
37-51-52, 808, T40-55 and HK54-154 at 1250
volts. With slight alterations, it may be
adapted for plate-modulated ’phone operation
(see Chapter 10) or c.w. operation at higher
plate voltages.

Most of the details of construction may be
ohtained from an inspection of the photograph.

L, Ly
o[l eg®
Ty 5
Ca
L, )
Input ; E
RFC, o RFC,

S WOV, A.C. +
BIAS

HY.

FIG. 834 — CIRCUIT DIAGRAM OF THE HIGH-
POWER SINGLE-TUBE AMPLIFIER

C1 — 100 pufds., .07” spacing (Cardwell MT100GS).

C2 — 0.001-xfd. mica, 600-volt, grid by-pass.

Cs — 0.01 ufd., 600-volt paper, filament by-pass.

C4 — Neutralizing condenser (Hammarlund N-20).

Cs — 0.002 ufd., 12,500-volt (Cornell-Dubilier 22A86).

Ce— 150 uufds. per section, 0.17"” airgap (Cardwell
TJ150UD).

C7 — 75 ppfds. Eimac. (See text.)

R¥FC1 — R.F. Choke (National R100).

RIC2 — R.F. Choke (National R154U).

11 — Barker & Williamson BXL series with following
alterations: 1.7 Mc.— Trim coil to tune to
resonance at condenser maximum; 3.5 Mec.
— short-circuit 9 tnrns; 14 Mc. — short-circuit
1 turn if circnit will not tune to resonance:
28 Mc. — short-circuit 1 turn.

Note: Snbstitute coils may be made by referring to
the graphs of Figs. 828 and 829 basing dimensions
upon capacities of 100, 75, 50, 45 and 35 uufds., respec-
tively, for 1.7, 3.5, 7, 14 and 28 Mec.

L2 — Barker & Williameon HDVL series with following
alterations: 1.7 Mc.— Trim coil to tune to
resonance at maximum of Cs with C7 in paral-

lel; 3.5 Mc. — short-circuit 2 turns each end;
7 Mc. — short-circunit one turn each end; 14
Mec. — short-circuit one turn each end if cir-

cuit will not tune to resonance.

Note: Substitute coils may be made by referring to
the graphs of Figs. 828 and 829, basing dimensions
upon capacities of 170, 85, 40, 25 and 25 uufds., respec-
tively, for 1.7, 3.5, 7, 14 and 28 Mc.

ovtput The plate-circuit r.i. choke, grid leak,

by-pass condensers and power wiring

are underneath the chassis. A ceramic
feed-through insulator mounted on the rear
edge of the chassis is provided for the high-
voltage terminal. Reference should he made to
Chapter 6 for suggestions on cutting and drill-
ing the chassis.

The circuit diagram is shown in Fig. 857. The
plate tank condenser has sufficient capacity to
provide nearly optimum L-C ratios at fre-
quencies down to 3.5 Mc. when the ratio of
plate volts to plate current milliamperes is not
less than 5 to 1. Plate spacing is sufficient for
300 watts input at a maximum of 1250 volts.
If itis desired to operate at higher plate voltages,
the blocking condenser specified for Fig. 852
should be connected as shown in that diagram.
It may be mounted beneath the chassis. When
such a connection is used, the tank condenser
must be insulated from the chassis and it is of
extreme importance to provide the shaft of the
condenser with a suitably insulated shaft
coupling to remove high voltage from the
control.

The coils Lz and L4 are ultra-high-frequency
chokes used to prevent parasitic oscillations,
which are very apt to occur in push-pull
amplifiers, especially those using tubes which
drive easily as amplifiers. They do not detract
from the efficiency at the normal working
frequency.

The coupling link for the grid tank coil con-
sists of three or four turns of cotton-covered
wire wound to about one inch diameter. This
coil is placed inside the coil form at the center
of the grid winding, and the leads come
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through holes in the form to the plug base.
The coupling between link and grid coil can
easily be varied by bending the link with
respect to the tank coil. The link on the plate
tank coil, Ly consists of a turn or two of high-
voltage wire wound over the center of the plate
coil.

Power Supply and Excitation

Power supply requirements will depend upon
the type of tube used and the voltage at which
it is desired to operate the amplifier. As men-
tioned previously, the plate voltage should be
limited to 1250 volts if no blocking condenser
is used. At this plate voltage, the plate cur-
rent should be limited to about 250 ma. for the
L-C ratio to remain near optimum value.
With the blocking condenser in use, the input
may be increased to 1500 volts at 300 ma., the
maximum ratings for most of the tubes for
which the amplifier is suitable. Suitable power
supplies are described in the power-supply
chart in Chapter 14.

Filament requirements may be obtained
from the tables of Chapter 5. The 351"s shown
in the photograph require a transformer deliver-
ing 5 volts at 8 amperes.

Fixed bias suffieient for plate-current cut-off
with the 35T’s at 1500 volts may be obtained
from a pair of heavy-duty 45-volt batteries and
a grid leak of 1000 ohms will supply the addi-
tional bias required for operation, or bias may
be obtained from a bias supply such as de-
scribed in Chapter 14. The resistance intro-
duced in the grid circuit by the bias-supply
voltage-divider or bleeder resistance should

be 2500 ohms. Bias-supply requirements for
other tubes may be obtained by following the
suggestions given in connection with Fig. 852
and, previously, in the design section of this
chapter.

For operation under the conditions de-
scribed, the exciters of Figs. 842 and 866 or
that of Fig. 845 with a type 809 or similar tube
in output stage will furnish adequate excita-
tion.

Tuning

Neutralizing and tuning of a push-pull
amplifier is essentially the same as that of a
single-tube stage. With power supplies con-
nected, plate voltage off and excitation applied,
the exciter output and amplifier grid circuits
should be tuned and the coupling adjusted
for maximum grid current consistent with
rated exciter plate current. Grid current under
the conditions described should run about 60
ma. Inability to load properly the exciter
stage may mean that an adjustment of link
windings is necessary.

When proper excitation has been obtained,
the neutralizing condensers should be adjusted
to eliminate all trace of dip in grid current
when the plate tank circuit is tuned through
resonance with plate voltage off, always keep-
ing the neutralizing condensers at equal plate
spacing.

With the amplifier neutralized, plate voltage,
reduced by the method recommended for
amplifiers which have already been described,
may be applied and the plate circuit tuned to
resonance as indicated by the dip in plate cur-

o§'
N =

FIG. 856 — THE MEDIUM-POWER PUSH-PULL AMPLIFIER
‘I'kis amplifier is designed primarily for c.w. operation with tubes such as the’35T,'RK35-37-51-52, 808, ‘1'55-40
und HK54-154 at a maximum plate voltage of 1250. By the use of the blocking eondenser deseribed in the text it
may be made suitable for plate modulation at this voltage or for ¢.w. operation at 1500 volts. Panel dimensions
— 834" x 19”; ehasesis 8" x 17" x 215", One of the two parasitic chohes deseribed in the text may be seen hetween
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rent. With full plate voltage and the load
coupled by means of a low-impedance line to
an antenna tuner (see Chapter 13), the grid
current should not fall below 40 to 50 ma.
A suitable plate modulator is described in
Chapter 10.

A 750-WATT PUSH-PPULL
AMPLIFIER

Thue push-pull amplifier shown in the photo-
graphs of Figs. 858 and 860 is suitable for use
with a pair of low-capacity tubes such as the
types 100TH, RK36-38, I11'200 or HK254.
The tank condenser has suflicient capacity to
provide approximately optimum capacity on
all bands up to 3.5 Mec. when the amplifier is

operated with a ratio of plate volts to plate-
current milliamperes of not less than 8 to 1.
At 1.7 Me., a padding condenser of 50 pufds.
rated at not less than 7500 volts, such as one of
the Eimac vacuum units should be connected
across the coil specified. The tank-condenser
airgap is sufficient to withstand c.w. operation
with 750 watts input at 2500 volts. Voltage
should be reduced or a blocking condenser (see
Fig. 854, ;) should be used if the stage is to
be plate-modulated. If this connection is used,
it is of utmost importance that the tank con-
denser be well insulated from the panel and
that a suitably insulated coupling be used be-
tween the condenser shaft and the control.

Most of the details of construction are evi-
dent from the photographs. Reference should

ance in construction. The r.f.
chokes, by-pass condensers, grid

35T
f ar— Ly
[ I
S

TS

O
:j‘—)
n*

L}

|

leak and power wiring are be-
neath the chassis. The tube
sockets are sub-mounted mak-
ing it unnecessary to bring the
filament wiring up through the

be made to Chapter 6 for assist-
L
ég Input

A

=/ .

chassis. The supporting strip at
the rear of the tank condenser

é 3sT R,
RFC serves as a ground strap of low
resistance.
L. C‘r The layout of the amplifier
I I is such as to keep all leads sym-
isv i .rl metrical. The tubes are ar-
+HV. W € -c ranged so that each plate ter-

FIG. 857 — CIRCUIT DIAGRAM OF THE MEDIUM-IPOWER

PUSH-PULL AMPLIFIER

minal comes opposite the con-
denser stator to which it is
to be connected. The positions
of the neutralizing condensers

Cy) — 100 pufd. per section, .026"
spacing (National TMS-
100D).

Co— 100 yufd. per section, .077”
spacing (National TMC-
100D).

(3, C4 — Neutralizing condensers,

246 upfd. (National NC-
800).

(5. Cg—.01-ufd. paper tubular,
400-volt (Aerovox).

RFC — 1.1-mh. transmitting
choke (Coto-Coil C1-21).

C7 — .0W01-ufd. mica, 2500-volt

(Cornell-Dubilier).

Cg —~ .002-ufd. paper tubular, 600-
volt (Aerovox).

Ri — Grid leak. (See text.)

Ly —~1.7 Mc.— 90 turns No.
d.s.c., dia. 134 in.

3.5 Me.— 44 turns No. 18
enamelled, 16 turns per
ineh, dia. 134 in.

7 Mec.—20 turns No. 18
enamelled, 8 turnes per
inch, dia. 134 in.
14+ Mc.—10 turns No. 18
enamelled, 8 turns per
inch, dia. 134 in.

28 Mec.—4 turns No. 18
enamelled, 4 turns per
inch. dia. 134 in.

22

All wound on National XR-13
forms. Links 3 or more turns,
bunch-wound, inside coil form.
Lz — 1.7 Mc* — 350 turns No. 18

d.c.c., dia. 2% in., length
3%, in.
3.5 Mc. — 35 turns No. I,
dia. 214 in., length 3% in.
7 Mc.— 18 turns No. I,
dia. 214 in., 7 turns per in.
1+ Mc. — 10 turns No. 14,
dia. 2V, in., 7 turns per in.
28 Mc.—6 turns No. I,
dia. 213 in., 3.5 turns per
in.

All except 1.7- and 3.5-Mec. coils
wound on National XR-10A forms.
1.7- and 3.5-Mc. coils may be
wound on tubing or on celluloid
strips as described in Chapter Six.
Links one or two turns as re-
quired, wound with high-voltage
wire around center of coil.

L3, L4 — Parasitic chokes, 8 turns
No. 14, Y4-in. dia.

* An air padding condenser of
50 yufds. with airgap not less than
177 must be used in parallel with
the coil at this frequency (Card-
well JCO-15-05 fived or o 50-pufd.

are also reversed, one being
placed behind one tube and
the other in front of the second
tube.

The grid coils are wound on
National XR13 forms with the
associated plugs and base. The
link coils are wound to fit in-
side the forms rather than on
the outside of the windings,
since there is more room inside
and the leads can be brought
out inconspicuously.

The circuit diagram is shown
in Fig. 859. The condenser Cj
is necessary to prevent low-
frequency parasitic oscillations
caused by resonance in grid and
plate r.f.-choke circuits. It
should be mounted to give a
fairly short connection between
the eenter-tap of the grid coil
and ground. The high-voltage
lead to the center of the plate
tank coil is fed through the
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chassis by means of a feed-through

insulator.

type

Power Supply and Excitation

Power-supply requirements will vary some-
what with the tyvpe of tube and the input at

FIG, 858 — THE

It is also suitable for types RK36-38 and 1IK231, Fhe
chassis measures 107 2 177 x 37 and the panel 1715”7 x 197,

which it is desired to operate the amplifier. In
this instance, a pair of 100TH’s, was operated
at 2500 volts, 300 ma. «r an input of 750 watts.
Details of a suitable plate-power supply may
be taken from the power-supply table in
Chapter 14. These tubes require a filament
transformer delivering 5 to 5.1 volts at 13
amperes. Voltage should he checked at the
tube sockets.

Appropriate biasing veltage may be ob-
tained from a pair of heavy-duty 45-volt bat-
teries used in eonjunction with a grid leak
resistance of 1500 ohms, 25 watts, but pref-
erably from oneof the bias power-supply units

FIG. 859 — CIRCUIT DIAGRAM OF THE 750-WATT
PUSH-PULL AMPLIFIER

1 — Split-stator transmitting condenser. 100 uufds
per section, 0.07" airgap (Cardwell MR100BD).

(2 — Split-stator transmitting condenser, 75 puufds.
per section, 0.2” airgap (Cardwell XC-75-XD).

C3 — 250 pufds. mica condenser, 500-volt.

Cy4, C5 — 0.01-pfd. paper.

Cs, C7 — Neutralizing condensers (National NC-800).

R} — See text.

RFC; — Receiving-type r.f. choke (National R100).

RFC2 — Transmitting-type r.f. choke (National
R154U).
1 — 1.7 Mc. — 85 turns No. 24 d.c.c., close-wound:

link 5 turns.
3.5 Mc. — 52 turns No.
wound; link 3 turns.
7 Me.— 30 turns No.
wound: link 2 turas.

18 enamelled, close-

14 enamelled, close-

described in Chapter 14. The resistance intro-
duced in the grid circuit by the bias-supply
voltage-divider or bleeder resistance should be
2500 ohms.

Excitation requirements will also vary
somewhat with tubes and operating condi-
tions. Sufficient excitation for any of the
above mentioned tubes, operating within
the conditions outlined, may be obtained
from the exciter shown in Fig. 845 with
the TZ40 tube in the output stage.

This amplifier is neutralized and tuned
exactly following the process described
in connection with the push-pull amplifier
of TFig. 856. The driver output and
amplifier input links are adjusted to give
maximum grid current to the amplifier
consistent with maximum rated plate
current for the driver with the driver
output and amplifier input tank circuits
tuned to resonance. In neutralizing, the
neutralizing condensers should be kept
at the same plate spacing while adjusting
them to eliminate all traces of dip in grid
current as the plate tank circuit is tuned
through resonance with plate voltage
off. When plate voltage is first applied in

750-WATT PUSH-PULL AMPLIFIER

wWITH 100TH'S 100 TH

T L]
= =

T

c =
ric,8 L 100TH BrFc,
&3
e
Rl
¢[ kci s
-C  tC 5v. tHV
B

tul *

il

1t Me. — 12 wurns No.
135”5 link 2 turns.
28 Mc. — 6 turns No. 1+ enamelled, length 133"
link 2 turns.
All grid coils wound on National XR-13 134" diam.
forms.

I.o — 1.7 Me.* — 30 turns, diameter 5, length 415"
(No. 12).

3.5 Mc. — 22
(No. 12).

7 Mc. — 22 turns, diameter 214", length 355"
(No. 12).

14 Mc. — 8 turns, diameter 212", length 113"
(No. 12).

28 Mc¢. — 6 turns 14’ copper tubing, diameter
215", length 4”.

1.7- and 3.5-Mc. coils wound on National XR-14A
forms; 7- and 14-Mec. coils on National XR-10A
forms; 28-Mec. coil self-supporting.

V — A.c. voltmeter, 0-10 volts.

* Used with 50-uufd. padder. (See text.)

14 enamelled, length

turns, diameter 57, length 37
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tuning the amplifier, it should al- =
ways be reduced as already men-
tioned frequently in this chapter.
The grid current should not fall
below 75 ma. with the amplifier
fully loaded.

A suitable plate modulator for
this amplifier is described in Chap-
ter 10,

A I-KW. PUSH-IPULL
AMPLIFIER OF CON-
SERVATIVE DESIGN

The push-pull amplifier shown in
the photographs of Figs. 861, 862
and 864 was designed for c.w. or
‘'phone operation at the full legal
limit of 1 kw. with tubes and asso-
ciated equipment operating well
within their maximum ratings.
Suitable tubes are types such as
the 806, 250TH, RK63, T155,
HF300 or the HK354's shown
in the photographs.

Most of the constructional de-
tails are evident from the photo-
graphs and their captions. Every
effort should be made to keep the
wiring on each side of the circuit
symmetrical. This applies particu-
larly to the length of leads between the con-
denser stators and the tube terminals and
the leads connecting the neutralizing conden-
sers. With the plate tank condenser mounted
upside-down, the mounting strip for the coil
mounting may be fastened to the condenser
mounting feet. A control for varying the
link coupling of the output circuit is brought
out to the panel. Since the shaft provided
with the coil unit is 3{¢” diameter, a reducing
coupling is used to couple it to a 13" shaft.
The insulated shaft coupling for the plate
tank condenser is of utmost importance to
remove danger of high-voltage shock. It should
have sufficient insulation to withstand voltages
of the order of 7500 or 10,000 volts.

Mounting the grid-circuit components un-
derneath the baseboard with its metal cov-
ering provides shielding between grid and plate
cireuits.

The filament transformer is included in the
unit to eliminate voltage drop in secondary
wiring of appreciable length. This is important
where heavy filament currents are involved.

The circuit diagram is shown in Fig. 863.
The tank condenser specified in the list of com-
ponents is the one shown in the photographs.
It was chosen with 2000-volt operation with-
out the blocking condenser in mind. With the
blocking condenser in use, an appreciable sav-
ing in space can be made by the substitution

eoil.

TRANSMITTER DESIGN AND CONSTRUCTION

FIG. 860 — REAR VIEW — 750-WATT PUSHI-PULL AMPLIFIER

The plate tank coil is supported partly by the panel and partly by
a heavy aluminum strip fastened to the chassis at the back. The
jack-hase for the plate eoils (National XB-15) is mounted eross-wise
on the eondenser by means of angle brackets. These brackets also
form the connections between the condenser stators and the ends of
the tank eoil. The grid eoil is mounted at right angles to the plate

of a smaller tank condenser, although the
larger condenser gives a greater factor of safety
under eonditions of light loading. The Johnson
type 100DD9% has sufficient plate spacing
(0.250"") for c.w. or ’phone operation up to 1
kw. input at 3000 volts. With this condenser,
it is possible that the 14- and 28-Me. coils
will not need the alterations mentioned in the
table of components. Short-circuiting turns to
reduce coil induetance is suggested to avoid
spoiling the coil for other purposes which may
require the full inductanece of the coil. If turns
are removed, the number must be determined
experimentally with the tank condenser set at
maximum for 3.5 Mec., approximately half-
capacity for 7 Mec. and near minimum capacity
for 14 and 28 Me.

The tank condenser specified is sufficient to
provide optimum capacity at frequencies down
to 3.5 Mc. with tubes operated at either 3000
volts 330 ma. or 2500 volts, 400 ma. At 1.7
Me. a padding condenser of 50 ppfds. will be
required in parallel with the tank coil speci-
fied. This condenser should have a voltage rat-
ing of not less than 10,000 volts. One of the
Eimac vacuum-type units should be satisfac-
tory.

Power-Supply and Excitation Requirements

Full 1-kw. input may be obtained at 3000
volts, 330 ma. or 2500 volts. 400 ma. Proper
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FIG. 861 — A 1-KW. PUSH-PULL AM-
PLIFIER OF CONSERVATIVE DESIGN
USING TYPE HK334E’S

Designed for tubes operating at plate
voltages of 2500 to 3000 such as types
806, 250TH, RK63, T155, HF300, T200 etc.
The panel is a sheet of 4’ masonite
measuring 28" X 19”. It is fastened to
the baseboard of similar material hy
four 9" triangular chassis brackets, two
below and two above the haseboard. The
baseboard measures 17”7 X 21”7 and is
covered with a thin sheet of metal.

FIG. 862 — REAR VIEW

The plate tank condenser is mounted
upside-down on heavy 412" stand-off
insulators. The tank-coil mounting is
mounted upon a strip of 4" masonite
3% X 1634’ fastened to the bottom of
the tank condenser. The stand-off
insulators supplied with the unit are
replaced with others 1" high to reduce
lead length. The blocking condenser (4
is ted under th the tank con-
denser near the rear. When this con-
denser is mnsed it is of the utmost
importance to use a heavily insulated
coupling hetween tank-condenser shaft

and the control.

components for suitable plate
supplies may be determined from
the power-supply table in Chap-
ter 14. The 354E’s shown in the
photographs require a filament
transformer delivering i volts
at 20 amperes. Filament re-
quirements for other tubes may
be determined from the tube
tables of Chapter 5.

The 354E’s require a fixed bias
of 90 to 100 volts for plate-cur-
rent cut-off at 3000 volts. Since
the grid current runs quite high,
it is preferable to obtain this
biasing voltage from a biasing
power supply such as one of
those described in Chapter 14.
The resistance introduced in
the grid circuit by the bias-
supply voltage divider or bleeder
should be about 4000 ohins.

For c.w. operation a driver
delivering 70 to 75 watts will
provide sufficient excitation. The
exciter shown in Fig. 845 with |
the T40 in the output stage |
should be adequate. Require-
ments for grid or plate modula- |
tion of this amplifier are dis-
cussed in Chapter 10.
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Tuning

The process of neutralizing and tuning of the
push-pull amplifier of Fig. 857 applies equally
to this amplifier. With plate voltage off, the
coupling between amplifier grid and exciter
plate circuits should be adjusted to give maxi-
mum amplifier grid current when the two cir-
cuits are tuned to resonance. Some alteration
in link turns may be necessary if it is found im-
possible to load the exciter output tube satis-
factorily. The coupling should be adjusted to
load the driver tube to rated plate current.
With this coupling, it should be possible to

separate appropriate tank coils are provided
for each band while a system of switches is
used to switch connections between the tank
condenser and one or another of the coils.
A third method, used in exciters, employs a
system of switches to cut frequency-doubling
stages in or out of the circuit as desired. Two
typical practical examples of band-switching
units will be described.

A 10-WATT OUTIPUT EXCITER
WITH STAGE SWITCHING

THE exciter or low-power transmitter pic-
tured in Figs. 865 and 867 is designed for flexi-

PN

Co,
by

C

I:j—;%

obtain amplifier grid current of 100 ma. or more.

The plate tank circuit is tuned to reso-

nance as indicated by the dip in grid cur-

rent and the neutralizing condensers ad-

justed until this dip disappears as the

plate circuit is tuned through resonance.

The two neutralizing condensers should L,

be kept at equal capacity settings

during the process. : g
With the amplifier neutralized, Input

plate voltage, reduced by the

method described previously, may be ap-

plied and the plate circuit tuned to reso-

nance as indicated by the dip in plate

current. When the amplifier has been

tuned to resonance and partially loaded,

full plate voltage may be applied and

the loading inereased to bring the input

up to the maximum limit. Variable-link

coupling is provided for coupling to a

low-impedance line feeding the antenna

or a suitable antenna coupler (see Chap-

ter 13). With the amplifier loaded, the grid

current should not fall below 75 ma.

BAND-SWITCHING

Thus far, in the equipment described in this
chapter, plug-in coils have been employed as a
means of transferring operation from one
band to another. In the exciter units, where
cfficiency may often be of less importance than
convenience, some of the circuits are designed
to cover two bands with a single coil by the
usc of a large tuning condenser. This method is
not suitable for higher-power amplifiers because
of the losses involved in the high-C circuit
which results at thelower of the two frequencics
covered by this method.

NSeveral systems have heen worked out
whereby an inductance change instead of a
capacity change is employed in shifting opera-
tion from one band to another. In one systcem,
switches are employed to short-circuit turns
of a low-frequency coil to render it suitable for
higher frequencies. This method is very con-
venient and involves no appreciable losses in
covering three bands. In a second method,
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FIG. 863 — CIRCUIT DIAGRAM OF
PULL 1-KW. AMPLIFIER

€C1— 200 yufds. per section, 0.07 airgup or greater
(National TMA-200D).

C2—100 uufds. per section (Johnson
0.350" airgap). (See text.)

€3 — Neutralizing condenser (Johnson N375).

€4 —0.002 ufd., 12,500-volt mica (Cornell-Dubilier
22A86), blocking condenser.

C5— 50 pufds. Eimac vacuum type padder for 1.7
Me. (See text.)

Co— 0.01 ufd., 600-volt paper, filament by-pass.

RFC1 — Grid-circuit 1.f. choke (National K100).

RFC2 — Plate-circuit r.f. choke (National RI54U).

L1 — Barker & Willinmson BXL series with center
links, altered as follows: BX1-160 — Cut to
tune to resonance at condenser maxlmum.
BXL~-80 — short-circuit 3 turns each end;
BXL-40 — short-circuit 1 turn each end; BX L.-
20 —no alteration; BXL-10 — short-circuit
1 turn at one end.

‘THE

rusn-

100CD110,

Note: Substitute coils may be made by referring to
rraphs of Figs. 828 and 829, basing dimensions upon
capacities of 100, 75, 40, 30 and 30 uufds. reapectively
for 1.7, 3.5, 7, 14 and 28 Mec.

1.2 — Barker and Willinmson 11DV series with follow-
ing alterations: HDVLE-20 — short-circuit 1
turn each end; HDVI.-10 — short-circuit 14
turn Q'-ll("l "ll(|~

Note: Substitute coils may be made by referring to
rgraphs of Figs. 829, basing dimensions upon capacitiea
of 100, 50. 25, 25 and 25 uufds, respectively for 1.7,
3.5, 7, It and 28 Me.
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F1G. 864 — BOTTOM VIEW — I-KW., PUSIH-PULL AMPLIFIER
The rotors of the grid tank condenser are gronnded. The grid
tank-coil mounting straddles one of the tnbe sockets which are
n the baseboard. The grid choke coil is placed under-
neath the coil mounting. Leads from grid tank circuit to tube grid
terminals are passed through base via feed-through insulators.

sith-mounted

bility i being adaptable to all bands from 1.75
to 28 Me., with erystals cut for different bands,
and also for quick band changing over three or
four bands. It consists of a 6V6G tetrode oseil-
lator followed by two triode doubler stages in
one tube, a 6N7G; by means of a switch, the
output of any of the three stages can be con-
nected to the grid of the final tube, an 807
sereen-grid peam tetrode. A second two-gang
switch changes tank coils in the 807 plate
cireuit. The circuit dingram is given in Fig. 866,

The oscillator, first and sccond doubler plate
coils, Ly, Lo and Lj respectively, need not he
changed for crystals ground far a given band.
The switching eircuit is so arranged that the
grids of unused stages are automatically dis-
connecied from the preceding stage and
grounded so that excitation is not applied to
the idle tubes.

In the 807 plate circuit, the tank condenser,
(4, has sufficient capacity range to permit cov-
ering two bands with a single coil. The lower-
frequency band will be found toward maximum
capacity and the higher-frequency toward
minimum in each case. The 807 may be used as
a doubler, if desired, for four-band operation
from a single erystal; the output and plate
efficiency are only slightly reduced from
straight-amplifier operation,

Capacity coupling between
stages is used throughout. The
plates of the first three stages are
parallel-fed so that the plate tun-
ing condensers can be mounted di-
rectly on the metal chassis. The
6V6G oscillator, 6N7G doubler-
doubler and the 807 screen all
operate at the same voltage; with
the voltage divider specified the
actual voltage at this point is
slightly less than 300 volts, with
600 applied. The 6V6G screen runs
at a little over 100 volts. A jack
is provided for reading plate cur-
rent to each tube. Series feed is
used in the 807 plate circuit, the
tank condenser being insulated
from the chassis with *button”
insulators. Condenser (5 provides
a little feedback additional to that
within the tube itself so that crys-
tals will be certain to oscillate.

The above-chassis layout is
shown in top-view photograph.
Along the back, from left to right,
are the erystal, 6V6G, and 6N7G.
Directly in front of them are the
three low-level plate coils, Ly, L2
and Lz. These are wound on ordi-
nary receiving forms, and plug
into sockets mounted above the
chassis on the mctal pillars fur-
nished with the sockets. Next in line comes the
807, with part of a tube shicld around its
lower half for additional shielding, and finally
the 807 tank circuit with its pair of coils.

The chassis is of electralloy, measuring 7 by
17 by 3 inches.

Below ehassis, the three tuning condensers,
('}, (s and (3, are mounted directly under-
neath their associated coils, and are fastened
directly to the under-side of the chassis. The
“hot” leads from the coils come down through
grommetted holes in the chassis; grounds to the
coils are made direct to the chassis, on top.

In the oscillator section, at the left, the grid
choke is just to the right of the crystal socket;
the grid leak, R, connects between the low-
potential end of the choke and ground. The
plate choke is mounted horizontally between
two insulating lugs, and occupies a position
midway between 'y and Cs. The plate blocking
condenser, Cs, is mounted on its terminal
wires between the hot end of the choke and the
stator plates of Cy.

In the doubler circuit, each plate choke goes
directly to a meter jack. The plate blocking
condensers, Cs and C7, mount between the
plate terminals on the tube socket and a pair of
lugs on an isolantite terminal strip which is
mounted on a small metal pillar so that it is
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about an inch away from the chassis. From
these points, connections go to the tank ecir-
cuits, and also through the grid coupling con-
densers, C9 and Cyg, to the switch. The left-
hand lug on the strip is a junction point for the
first grid coupling condenser, Cg, and the lead
to the switch.

The grid chokes for the 6N7G are mounted
vertically at the right side of the switch, the
lower terminals going to an insulated double
lug. The grid leaks, R and R3, go from the
strip to ground.

The socket for the 807 is the last on the right.
Just below it is the grid choke. The screen by-
pass and heater by-pass are clearly visible in
the photograph. The 807 grid leak, 124, and the
oscillator screen voltage divider, R¢ and Rz,
are mounted on a lug strip parallel with the
rear of the chassis. The large resistor is Rs.

The two-gang switch for shifting the output
coils may be seen at the right. A baflle shield is
placed to the left of the switch to reduce coup-
ling between the switch and grid-circuit com-
ponents.

The oscillator feedback condenser, Ity is
made by cutting two 34-inch square plates,
with mounting tabs on one side, from thin
copper. The tabs are soldered to the grid and
plate terminals on the tube socket and the
plates arranged to face each other with about
a quarter-inch separation. The adjustment is
not critical; use the greatest spacing which will
permit the oscillator to ‘‘start’ regularly.

All grounds are made directly to the chassis.

Power leads are brought to a terminal strip
on the edge of the chassis — at the left-hand
side in the bottom view. The output link is con-
nected to a two-terminal strip on the rear edge.

Reference should be made to Chapter 6 for
suggestions on cutting and drilling the chassis.

The doubler switch is a standard item having
three gangs, each with six contacts. Since only
three contacts per gang are needed for the
doubler stages, alternate contacts should be
removed to give greater spacing and reduce
capacity effects. Only two sets of conta